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2023 American College of Rheumatology and American
Association of Hip and Knee Surgeons Clinical Practice
Guideline for the Optimal Timing of Elective Hip or
Knee Arthroplasty for Patients With Symptomatic
Moderate-to-Severe Osteoarthritis or Advanced
Symptomatic Osteonecrosis With Secondary Arthritis for
Whom Nonoperative Therapy Is Ineffective

Charles P. Hannon,1* Susan M. Goodman,2* Matthew S. Austin,3* Adolph Yates Jr. 4* Gordon Guyatt,5
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Objective. To develop evidence-based consensus recommendations for the optimal timing of hip and knee arthro-
plasty to improve patient-important outcomes including, but not limited to, pain, function, infection, hospitalization,
and death at 1 year for patients with symptomatic and radiographic moderate-to-severe osteoarthritis or advanced
symptomatic osteonecrosis with secondary arthritis of the hip or knee who have previously attempted nonoperative
therapy, and for whom nonoperative therapy was ineffective, and who have chosen to undergo elective hip or knee
arthroplasty (collectively referred to as TJA).

Methods. We developed 13 clinically relevant population, intervention, comparator, outcomes (PICO) ques-
tions. After a systematic literature review, the Grading of Recommendations Assessment, Development and
Evaluation (GRADE) approach was used to rate the quality of evidence (high, moderate, low, or very low), and
evidence tables were created. A Voting Panel, including 13 physicians and patients, discussed the PICO

Guidelines and recommendations developed and/or endorsed by the American College of Rheumatology (ACR) are
intended to provide guidance for patterns of practice and not to dictate the care of a particular patient. The ACR con-
siders adherence to the recommendations within this guideline to be voluntary, with the ultimate determination regard-
ing their application to be made by the clinician in light of each patient’s individual circumstances. Guidelines and
recommendations are intended to promote beneficial or desirable outcomes but cannot guarantee any specific out-
come. Guidelines and recommendations developed and endorsed by the ACR are subject to periodic revision as war-
ranted by the evolution of medical knowledge, technology, and practice. ACR recommendations are not intended to
dictate payment or insurance decisions, and drug formularies or other third-party analyses that cite ACR guidelines
should state this. These recommendations cannot adequately convey all uncertainties and nuances of patient care.

The American College of Rheumatology is an independent, professional, medical, and scientific society that does not
guarantee, warrant, or endorse any commercial product or service.
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questions until consensus was achieved on the direction (for/against) and strength (strong/conditional) of the
recommendations.

Results. The panel conditionally recommended against delaying TJA to pursue additional nonoperative treatment
including physical therapy, nonsteroidal antiinflammatory drugs, ambulatory aids, and intraarticular injections. It condi-
tionally recommended delaying TJA for nicotine reduction or cessation. The panel conditionally recommended delay
for better glycemic control for patients who have diabetes mellitus, although no specific measure or level was identi-
fied. There was consensus that obesity by itself was not a reason for delay, but that weight loss should be strongly
encouraged, and the increase in operative risk should be discussed. The panel conditionally recommended against
delay in patients who have severe deformity or bone loss, or in patients who have a neuropathic joint. Evidence for all
recommendations was graded as low or very low quality.

Conclusion. This guideline provides evidence-based recommendations regarding the optimal timing of TJA in
patients who have symptomatic and radiographic moderate-to-severe osteoarthritis or advanced symptomatic osteo-
necrosis with secondary arthritis for whom nonoperative therapy was ineffective to improve patient-important out-
comes, including pain, function, infection, hospitalization, and death at 1 year. We acknowledge that the evidence is
of low quality primarily due to indirectness and hope future research will allow for further refinement of the
recommendations.

INTRODUCTION

Patients who have osteoarthritis (OA) and advanced
symptomatic osteonecrosis (ON) with secondary arthritis can bene-
fit from nonoperative treatment, e.g., physical therapy, nonsteroidal
antiinflammatory drugs (NSAIDs), braces, intraarticular injections,
and weight reduction (1–4). However, none of these treatments
are disease modifying, and progressive pain and loss of function
lead many patients to choose arthroplasty when nonoperative ther-
apy has lost efficacy. While projected increases in the utilization of
total joint arthroplasty (TJA), including total hip (THA) or knee arthro-
plasty (TKA), vary widely (from estimates of >4 million people in the
US by 2030, to models projecting a slower rise, with a plateau in
2009 [5]), there is consensus that utilization will increase (6–11).
Both procedures have demonstrated success in reducing pain,
restoring function, and improving quality of life for patients who have
radiographic moderate-to-severe OA or advanced symptomatic

ONwith secondary arthritis after insufficient relief from nonoperative

treatments (12,13). As the volume of these procedures continues to

rise, the comparative value of these surgeries versus nonoperative

treatment has been questioned (10). Nonoperative treatments

include, but are not limited to, activity modification, analgesic med-

ications such as NSAIDs or acetaminophen, physical therapy, intra-

articular injections, bracing, weight loss, and gait aids (2).
For this guideline, our population consists of patients who

have moderate-to-severe pain and loss of function and
moderate-to-severe radiographic OA or ON with secondary
arthritis, using standard radiographic measures such as
Kellgren/Lawrence (K/L) grade (14), and who have also
completed ≥1 trials of appropriate nonoperative therapy and
elected to undergo TJA after a shared decision-making process
with their physician. This does not include patients who have mild
radiographic OA or ON with secondary arthritis, patients who

This article is simultaneously published in Arthritis & Rheumatology and
Journal of Arthroplasty.
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have minimal pain and/or disability, or patients who have not
tried some form of nonoperative therapy. Prior to being indi-
cated for TJA, patients’ medical comorbidities and prior nonop-
erative treatments are evaluated. However, patients may have
their procedure postponed if they did not try specific treatments
for nonoperative arthritis or to pursue medical optimization
(15,16). While nonoperative treatment has benefits for most
patients who have OA or advanced symptomatic ON with sec-
ondary arthritis (1–4), there is no consensus on the effectiveness
of specific additional nonoperative treatments after nonopera-
tive therapy has been ineffective in patients in the defined popu-
lation for this guideline, those who have radiographically

moderate-to-severe OA or ON with secondary arthritis of the
hip or knee and moderate-to-severe pain or loss of function
who have completed ≥1 trials of appropriate nonoperative ther-
apy (17).

Patients who have certain risk factors, such as obesity,
diabetes mellitus, and nicotine use, may also have surgical
treatment delayed by hospital policy or third-party payers in
order to meet specific criteria to mitigate their surgical risk.
However, while these factors are clearly associated with
increased risk for adverse events, it is unknown whether
delaying surgery in order to achieve a specific glycemic end
point, weight or body mass index (BMI) target, or absolute
nicotine cessation leads to improved outcomes after
TJA (18–22).

The purpose of this clinical practice guideline was to develop
consensus on evidence-based recommendations for the optimal
timing of TJA in patients with symptomatic moderate-to-severe
OA or advanced symptomatic ON with secondary arthritis for
whom nonoperative therapy has been ineffective and who elected
to undergo TJA, and to evaluate benefits of delays of surgery for
additional nonoperative arthritis treatments or to achieve specific
targets for medical optimization. This guideline is intended for
use during a shared decision-making process with this defined
group of patients and their physicians after nonoperative thera-
pies have ceased to be effective; this is not a guideline on the effi-
cacy of nonoperative therapies in patients who have OA or ON
with secondary arthritis who are not candidates for THA or TKA.
Although patients who have inflammatory arthritis may also have
OA, either primary or secondary, they also have moderate sys-
temic inflammatory disease activity and are likely to be taking
immunosuppressant medications at the time of surgery, the man-
agement of which was felt to be beyond the scope of this guide-
line. This was the focus of the 2022 American College of
Rheumatology (ACR)/American Association of Hip and Knee Sur-
geons (AAHKS) Guideline for the Perioperative Management of
Antirheumatic Medication in Patients With Rheumatic Diseases
Undergoing Elective Total Hip or Total Knee Arthroplasty (23).

METHODS

This guideline follows the ACR guideline development pro-
cess and ACR policy guiding management of conflicts of
interest and disclosures https://rheumatology.org/clinical-
practice-guidelines, which includes Grading of Recommenda-
tions Assessment, Development and Evaluation (GRADE)
methodology (24,25). Supplementary Appendix 1, available
on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25175, includes a
detailed description of the methods. Briefly, the core leadership
team drafted 13 clinical population, intervention, comparator,
outcomes (PICO) questions (see Supplementary Appendix 2,
available on the Arthritis Care & Research website at

SUMMARY
• The decision of when to proceed with total joint

arthroplasty (TJA) in patients who have symptomatic
and moderate‐to‐severe radiographic osteoarthritis
(OA) or advanced symptomatic osteonecrosis (ON)
with secondary arthritis for whom nonoperative
therapies were ineffective should be made by the
physician and patient through a shared decision‐
making process during which the unique risks and
benefits for the individual patient are considered.

• In patients who have moderate‐to‐severe symp-
tomatic OA or advanced symptomatic ON with sec-
ondary arthritis who are indicated for TJA and for
whom nonoperative therapy has been ineffective,
we conditionally recommend proceeding directly
to surgery without delay for additional nonopera-
tive treatment of the joint problem.

• For patients who have obesity and moderate‐to‐
severe symptomatic OA or advanced symptomatic
ON with secondary arthritis who are indicated for
TJA, we conditionally recommend against delaying
surgery to meet a rigid weight or body mass index
threshold. Patients should be educated on the
increased risk of medical and surgical complications
due to their obesity as well as counseled on how to
lose weight.

• In patients with diabetes mellitus and moderate‐to‐
severe symptomatic OA or advanced symptomatic
ON with secondary arthritis who are indicated for
TJA, we conditionally recommend delaying surgery
to allow for improved glycemic control.

• In patients with nicotine dependence and moder-
ate‐to‐severe symptomatic OA or advanced symp-
tomatic ON with secondary arthritis who are
indicated for TJA, we conditionally recommend
delaying TJA to achieve nicotine cessation or
decreased use of nicotine products.

• While all recommendations in this guideline are
conditional based at least in part on the quality of
evidence, we have systematically reviewed all the
evidence available to date, which can be used to
make treatment decisions, and the consensus was
high among the expert panel.
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http://onlinelibrary.wiley.com/doi/10.1002/acr.25175). The lit-
erature review team performed systematic searches with the
guidance and oversight of a medical research librarian, based
on the PICO questions, on September 27, 2021, and later
updated on June 19, 2022; in total, 8,283 abstracts were iden-
tified. For the purpose of this guideline, our defined population
is patients who have radiographically moderate-to-severe OA
or advanced symptomatic ON with secondary arthritis of the
hip or knee and moderate-to-severe pain or loss of function
for whom nonoperative therapy was ineffective. Radiographic
severity may be measured by validated grading systems such
as K/L or Tonnis (14,26).

After abstract and full-text review, 176 papers were
included to serve as the evidence base for the development of
recommendations. The literature review team then graded the
quality of evidence (high, moderate, low, very low) and pro-
duced the evidence report (see Supplementary Appendix 3,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25175). A Patient
Panel of 8 patients, who were either candidates for or had prior
TJA, was convened and moderated by a rheumatologist and
ACR staff (LR, AT, RP). Patients reviewed the evidence report
and provided their perspectives and preferences for consider-
ation by the Voting Panel. The evidence was reviewed, and
recommendations were formulated and voted on by an expert
Voting Panel consisting of rheumatologists, orthopedic sur-
geons, and patients.

Consensus required ≥70% agreement on both direction
(for or against) and strength (strong or conditional) of each rec-
ommendation, as per ACR practice. A recommendation could
be either in favor of or against the proposed intervention and
either strong or conditional. According to GRADE, a recom-
mendation was categorized as strong if the panel was very
confident that the benefits of an intervention clearly outweigh
the harms or burdens (or vice versa); a conditional recommen-
dation denoted uncertainty regarding the balance of benefits
and harms, such as when the evidence quality is low or very
low, when the decision was sensitive to individual patient pref-
erences, or when costs were expected to impact the decision.
Thus, conditional recommendations referred to decisions in
which incorporation of patient preferences was a particularly
essential element of decision-making. Rosters of the Core
Leadership Team, Literature Review Team, and Voting Panel
are included in Supplementary Appendix 4, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.25175.

Target population and guiding principles

These recommendations are for patients who have radio-
graphically moderate-to-severe OA or advanced symptomatic
ON with secondary arthritis of the hip or knee, using standard

radiographic grading such as K/L or Tonnis, and moderate-
to-severe pain or loss of function who have been indicated for
elective TJA through a shared decision-making process with
their physician and have completed and did not improve with
≥1 trials of appropriate nonoperative therapy such as physical
therapy, NSAIDs, and/or intraarticular injections (e.g., gluco-
corticoids or viscosupplementation). This does not include
patients who have mild radiographic OA, patients who have
minimal pain and/or disability, or patients who have not tried
nonoperative therapy. This guideline does not address arthro-
plasty for patients who have rheumatic diseases, as they were
the focus of the recent ACR/AAHKS guideline for the perioper-
ative management of antirheumatic medications in patients
undergoing total hip and total knee arthroplasty (23).

A conditional recommendation means that the panel has
inferred that the majority of informed patients would choose
the recommended course of action, but that an appreciable
minority would not. A shared decision-making process with
full consideration of patient preferences and individualized
risk estimates should determine the appropriate course of
action.

For recommendations regarding modifying risk factors prior
to surgery, including BMI, glycemic control, and nicotine depen-
dence, patients should be educated on the increased risk of
medical and surgical complications associated with their spe-
cific condition. Patients should be counseled on effective
methods to modify the risk factors (e.g., weight loss, improved
glycemic control, nicotine cessation) and be provided resources
to assist them through that process. However, it is recognized
that not all patients have the medical, financial, or social
resources or support available to them to modify some or all
these risk factors.

RECOMMENDATIONS

All recommendations in this guideline are conditional due to
the low or very low quality of evidence (Table 1). There are no
strong recommendations in this guideline, although there was
high or unanimous consensus for all recommendations.

In our defined population, we conditionally
recommend proceeding to TJA without delay over
delaying arthroplasty 3 months.

There should be no mandate that patients wait 3 months
prior to TJA as an arbitrary cool-down period. The recom-
mendation is conditional because there may be exceptions,
and the evidence supporting the recommendation is indirect
and very low quality. Prior to presenting to an orthopedic sur-
geon and being indicated for TJA, patients in the defined
population have already attempted nonoperative treatment
for an extended period. Further delay to TJA may lead to
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increased pain, loss of function, and worsening of medical

comorbidities due to limited mobility. Patients may elect to

delay surgery due to personal reasons (e.g., work or family

obligations) or ongoing medical comorbidities that can be

optimized prior to surgery. In these cases, patients may con-

sider proceeding with nonoperative treatment (excluding

intraarticular injections in some cases; see below) to provide

pain relief while awaiting surgery.

In our defined population, we conditionally
recommend proceeding to TJA without delay over
delaying arthroplasty for a trial of physical
therapy.

In patients who are indicated for TJA, mandated physical
therapy is not recommended to delay or avoid surgery. While
physical therapy may provide benefit in knee and hip OA (2),
and physical therapy may be of benefit in anticipation of

Table 1. Recommendations for defined population*

Recommendation
Certainty of
evidence

Based on the
evidence report

of the following PICOs

Page numbers of
evidence tables

in the Supplementary
Appendix†

In our defined population, we conditionally recommend
proceeding to TJA without delay over delaying arthroplasty
3 months.

Very low 1 1–7

In our defined population, we conditionally recommend
proceeding to TJA without delay over delaying arthroplasty
for a trial of physical therapy.

Low 2 8–37

In our defined population, we conditionally recommend
proceeding to TJA without delay over delaying surgical
treatment for a trial of NSAIDs.

Very low 3 38–46

In our defined population, we conditionally recommend
proceeding to TJA without delay over delaying surgical
treatment for a trial of braces and/or ambulatory aids.

Very low 4 47–53

In our defined population, we conditionally recommend
proceeding to TJA without delay over delaying surgical
treatment for a trial of intraarticular glucocorticoid
injections.

Very low 5 54–63

In our defined population, we conditionally recommend
proceeding to TJA without delay over delaying surgical
treatment for a trial of viscosupplementation injections.

Very low 6 64–76

In our defined population with a BMI of ≥50, we
conditionally recommend proceeding to TJA without
delaying to achieve weight reduction to a BMI of <50.

Very low 7 77–130

In our defined population with a BMI of 40–49, we
conditionally recommend proceeding to TJA without
delaying to achieve weight reduction to a BMI of <40.

Very low 8 77–130

In our defined population with a BMI of 35–39, we
conditionally recommend proceeding to TJA without
delaying to achieve weight reduction to a BMI of <35.

Very low 9 77–130

In our defined population with poorly controlled diabetes
mellitus, we conditionally recommend delaying TJA to
improve glycemic control.

Very low 10 131–156

In our defined population with nicotine dependence, we
conditionally recommend delaying TJA for nicotine use
reduction/cessation.

Low 11 157–180

In our defined population with bone loss with deformity or
severe ligamentous instability, we conditionally
recommend proceeding to TJA without delay over
delaying TJA for optimization of non–life-threatening
conditions.

There were no studies that
either directly or indirectly

answered our PICO
question.

12 181

In our defined population with a neuropathic joint, we
conditionally recommend proceeding to TJA without
delay over delaying for optimization of non–life-
threatening conditions.

There were no studies that
either directly or indirectly

answered our PICO
question.

13 181

* The defined population is patients with radiographically moderate-to-severe osteoarthritis or osteonecrosis of the hip or knee using standard
radiographic grading such as Kellgren/Lawrence or Tonnis, and for patients with moderate-to-severe pain or loss of function who have been
indicated for elective total joint arthroplasty (TJA) through a shared decision-making process with their physician and have completed trials
of ≥1 appropriate nonoperative therapy. BMI = body mass index; NSAIDs = nonsteroidal antiinflammatory drugs; PICO = population, interven-
tion, comparator, outcomes.
† In Supplementary Appendix 3, available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25175.
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arthroplasty as a form of prerehabilitation to improve the out-
come of surgery (27), delaying surgery for physical therapy
may cause increased pain due to the severity of an individ-
ual’s disease (28). However, nonambulatory patients, patients
recovering from medical comorbidities (e.g., stroke) that may
limit their rehabilitation postoperatively, or patients who have
major lower extremity muscular weakness may benefit from
delaying TJA for physical therapy to help improve postopera-
tive outcomes. This recommendation does not apply directly
to prerehabilitation, such as a preoperative individualized
exercise and lifestyle modification program. Observational
studies provided additional evidence for prehabilitation alone
and prehabilitation versus usual care for patients with knee
or hip OA or knee or hip ON with secondary arthritis awaiting
TKA/THA. These studies had small sample sizes and pro-
vided indirect comparisons, sometimes with lack of precision
in effect estimates, so the evidence supporting the recom-
mendation is indirect or of low quality. Moreover, the included
randomized controlled trials either did not have a surgical arm
or randomized patients on surgical waiting lists. The effect of
physical therapy ranged from insignificant to borderline signif-
icant with small effect sizes. This recommendation is
conditional because there may be exceptions to this recom-
mendation, and the evidence supporting the recommenda-
tion is indirect and low quality. The exceptions listed for the
first recommendation above, including delay for personal rea-
sons or other ongoing medical comorbidities, apply to this
recommendation as well.

In our defined population, we conditionally
recommend proceeding to TJA without delay over
delaying surgical treatment for a trial of NSAIDs.

The NSAIDs are one of the mainstays of nonoperative treat-
ment for OA and can provide pain relief for patients with mild dis-
ease. Oral NSAIDs are, however, associated with adverse events
(e.g., peptic ulcer disease, acute kidney injury, increased cardiovas-
cular risk, and bleeding) (29). Delaying TJA for treatment with oral
NSAIDs may cause increased harm to the patient with limited clinical
benefit. This recommendation is conditional because there may be
exceptions to this, and the evidence supporting it is indirect and very
low quality. The exceptions listed for the first recommendation
above, including delay for personal reasons or other ongoing medi-
cal comorbidities, apply to this recommendation as well.

In our defined population, we conditionally
recommend proceeding to TJA without delay over
delaying surgical treatment for a trial of braces
and/or ambulatory aids.

This recommendation is conditional because there may
be exceptions to this recommendation, and the evidence

supporting the recommendation is indirect and very low
quality. The exceptions listed for the first recommendation
above, including delay for personal reasons or other ongo-
ing medical comorbidities, apply to this recommendation
as well. Patients who are recovering from another lower limb
surgery (e.g., contralateral THA or TKA) may benefit from
delaying TJA and using an ambulatory aid during the recov-
ery period. However, delaying TJA for treatment with a
brace or ambulatory aid can place a burden on the patient
given the need for education on the proper use of ambula-
tory aids such as canes, as improper use may lead to altered
gait mechanics, increased pain, and worsened func-
tion (30–32).

In our defined population, we conditionally
recommend proceeding to TJA without delay over
delaying surgical treatment for a trial of
intraarticular glucocorticoid injections.

This recommendation is conditional because there may
be exceptions to this recommendation, and the evidence
supporting the recommendation is indirect and very low qual-
ity. The exceptions listed for the first recommendation above,
including delay for personal reasons or other ongoing medical
comorbidities, apply to this recommendation as well. Patients
who have an acute flare of their OA or other inflammatory
arthropathy (e.g., gout, calcium pyrophosphate deposition
disease) may be interested in delaying TJA for treatment
with a glucocorticoid injection to provide immediate pain
relief. There are, however, potential harms associated with
delaying surgery for glucocorticoid injection treatment, par-
ticularly in patients with diabetes mellitus who have an
increased risk of hyperglycemia with intraarticular glucocor-
ticoids or the increased risk of joint infection if the surgery is
performed within 3 months of the intraarticular injec-
tion (33,34).

In our defined population, we conditionally
recommend proceeding to TJA without delay over
delaying surgical treatment for a trial of
viscosupplementation injections.

This recommendation is conditional because there
may be exceptions to this recommendation, and the evi-
dence supporting the recommendation is indirect and
very low quality. The data on viscosupplementation for
patients who are otherwise candidates for TJA were very lim-
ited. Viscosupplementation may place an unnecessary bur-
den on the patient, with limited benefit on pain and function
(30,35,36). The exceptions listed for the first recommenda-
tion above, including delay for personal reasons or other
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ongoing medical comorbidities, apply to this recommenda-
tion as well.

In our defined population with a BMI of ≥50, we
conditionally recommend proceeding to TJA
without delaying to achieve weight reduction to a
BMI of <50.

In our defined population with a BMI of 40–49, we
conditionally recommend proceeding to TJA
without delaying to achieve weight reduction to a
BMI of <40.

In our defined population with a BMI of 35–39, we
conditionally recommend proceeding to TJA
without delaying to achieve weight reduction to a
BMI of <35.

Recommendations 7–9 are conditional because there
may be exceptions to these recommendations, and the evi-
dence supporting a preoperative weight reduction and a rigid
BMI or weight threshold is indirect and very low quality. A
majority of the studies supporting all 3 recommendations
were based on comparing TJA outcomes in patients who
underwent bariatric surgical procedures to the outcomes of
those who did not, which are confounded by effects of bariat-
ric surgery, including malnutrition and metabolic syndrome, or
comparing outcomes in patients with obesity to outcomes in
patients who had a lower BMI. It is well-established that a
greater BMI in TJA patients is associated with greater medical
and surgical risks, particularly periprosthetic joint infection
(21,22). Patients who had an elevated BMI should be
informed of these risks when undergoing surgery at their cur-
rent weight and should be strongly encouraged to reduce
weight prior to TJA, if possible, to mitigate such risk; it is not
clear, however, that postponing TJA for weight reduction
improves outcomes. Additionally, pain and function improve-
ments are similar for those who have a BMI of ≥35 compared
to patients without obesity (37). Although weight reduction
may be used as a criterion for TJA, the use of absolute BMI
or rigid thresholds is discouraged. Not all patients have the
necessary medical, financial, or social support and resources
to effectively lose weight at all or within a suitable timeframe.
In addition, patients in whom weight loss is unlikely and who
would benefit markedly from the increased mobility afforded
by TJA in improving their quality of life should have the infor-
mation needed to engage in a shared decision-making pro-
cess with their surgeon. The shared decision-making
process educates the patient about their role in deciding
among treatment options and helps them understand the
expected outcomes and risks, including the increase in tech-
nical challenges for the surgeon, associated with TJA in

patients with obesity. This process helps patients understand
the pros and cons and make the decision that is right for them.

In our defined population with poorly controlled
diabetes mellitus, we conditionally recommend
delaying TJA to improve glycemic control.

It is well-established that patients who have poor glycemic
control have an increased risk of poor outcomes after TJA (19).
There is likely a benefit to delaying TJA to improve glycemic con-
trol; however, the optimal measure and optimal threshold of gly-
cemic control to predict surgical outcomes is not known.
Measures of glycemic control include, but are not limited to, gly-
cosylated hemoglobin (HbA1c), fructosamine, and fasting glu-
cose. Thus, we do not recommend a specific measure or
threshold, but recommend improved glycemic control overall.
This recommendation is conditional because the evidence sup-
porting the recommendation is indirect and very low quality.

In our defined population with nicotine
dependence, we conditionally recommend
delaying TJA for nicotine use reduction/cessation.

Nicotine use is associated with both increased medical and
surgical risks in TJA (18,20). Similar to BMI and poor glycemic
control, patients should be educated on these risks and coun-
seled to modify the risk prior to TJA through nicotine use reduc-
tion or cessation. In addition, patients should be provided
resources to assist with their nicotine use reduction or cessation.
For these patients presenting with nicotine dependence, there is
a potential benefit of delaying TJA for nicotine use reduction or
cessation. This recommendation is conditional because there
are exceptions, and the quality of evidence supporting the recom-
mendation is low. The decision to proceed with TJA should not be
contingent on complete nicotine cessation. Instead, the patient
should be educated about the increased surgical risks associated
with nicotine use and ideally engage in nicotine-reduction
strategies.

In our defined population with bone loss with
deformity or severe ligamentous instability, we
conditionally recommend proceeding to TJA
without delay over delaying TJA for optimization
of non–life-threatening conditions.

There was no evidence for this recommendation; thus, the
recommendation is based on clinician and patient opinion and
experiences. In these patients, delaying TJA may lead to
increased instability and increased juxtaarticular bone loss or
deformity, which may increase the technical difficulty of the proce-
dure as well as increase the risk of failure and need for revision.
Although patients who have severe bone loss, deformity, or
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instability have an increased risk of revision or reoperation, this
risk will likely only increase over time, with further delay in surgery.
Thus, timely TJA should be performed in these cases when med-
ically appropriate. This recommendation is conditional because of
the very low quality of evidence.

In our defined population with a neuropathic
joint, we conditionally recommend proceeding to
TJA without delay over delaying for optimization
of non–life-threatening conditions.

There was no evidence for this recommendation; thus the
recommendation is based on clinician and patient opinion and
experiences. Patients who have neuropathic joints in the early
stages of their disease may not have major pain or loss of function
but may have severe joint destruction. As the disease progresses,
patients develop pain, and the extent of bone loss and joint
destruction worsens. These procedures are more technically
challenging and often necessitate the use of more constrained
implants typically reserved for revision arthroplasty. Proceeding
with operative treatment in these cases is recommended because
delaying surgery increases the technical difficulty of the procedure
and does not improve outcomes after the procedure (38). The
recommendation is conditional because of the very low quality of
the evidence in addition to the rare exceptions that may apply.
The exceptions listed for the first recommendation above, includ-
ing delay for personal reasons or other ongoing medical comor-
bidities, apply to this recommendation as well. In addition, there
may be a benefit to delaying TJA in patients whose underlying
condition associated with the neuropathic joint is not known to
allow for further diagnostic workup.

DISCUSSION

This guideline provides evidence-based recommendations
regarding the optimal timing of elective TJA in patients who have
symptomatic moderate-to-severe OA or advanced symptomatic
ON with secondary arthritis who have chosen to undergo surgical
treatment after a shared-decision making process with their phy-
sician after nonoperative therapy has lost efficacy. Further recom-
mendations regarding the timing of TJA in patients with specific
medical comorbidities and risk factors are also provided. The evi-
dence for each PICO question was very low quality except for
physical therapy and nicotine cessation, which had low quality of
evidence, primarily due to indirectness, as the studies that would
address our questions directly would compare results in patients
randomized to immediate arthroplasty versus those delayed for
the proposed intervention. We included observational studies
but acknowledge that they describe associations of outcomes
with the conditions of interest and were rated down for risk of
bias, imprecision, as well as indirectness. No recommendations
were supported by high or moderate quality evidence.

There are many existing appropriateness criteria, insurance
coverage determination policies, and other guidelines that com-
ment on the indications for elective TJA (17,39–47). After the
patient elects to proceed with TJA, third parties evaluate the med-
ical necessity of the procedure using these criteria (15–22). These
guidelines and policies focus on the general diagnosis of OA or
ON with secondary arthritis and prompt a dichotomous choice
of nonoperative versus operative treatment. Coverage determina-
tion policies are utilized by insurance companies to determine if
patients have met the policy indications for TJA and are cited to
delay surgical treatment in favor of continued nonoperative man-
agement or medical risk-factor modification prior to surgery.
However, coverage determination policies are often not based
on evidence studying patients in our defined population with
symptomatic moderate-to-severe radiographic OA or advanced
symptomatic ON with secondary arthritis who have passed the
threshold for TJA indication after a shared decision-making pro-
cess with their physician. A prior review of the literature cited by
4 of the major commercial payers’ coverage determination poli-
cies found that <10% of the literature cited in these policies dis-
cussed the effectiveness of nonoperative treatments specifically
in our defined population of patients who have moderate-
to-severe OA or advanced symptomatic ON with secondary
arthritis who were indicated for TJA (15). Coverage determination
policies are further limited because they are rarely created from a
formal systematic review process (15,16). In contrast, clinical
practice guidelines are based on a formal systematic review of
the current state of the scientific literature and provide evidence-
supported, consensus-driven best practices for operative and
nonoperative treatment of OA or ON with secondary arthritis of
the hip and knee that may predict optimal outcomes (48). This
guideline is the first to provide evidence-based recommendations
developed from a systematic review on the efficacy of these non-
operative treatments in our defined population of patients indi-
cated for elective TJA.

The Voting Panel recommended against delaying TJA in our
defined population for additional nonoperative treatment including
physical therapy, NSAIDs, braces or ambulatory aids, as well as
intraarticular injections. Importantly, our defined population con-
sists of patients who have moderate-to-severe symptomatic and
radiographic OA or advanced symptomatic ON with secondary
arthritis who already unsuccessfully tried a course of nonoperative
treatment prior to indication for TJA. The results from this system-
atic review found that the efficacy of additional nonoperative treat-
ments in these patients indicated for TJA is limited. However, it is
not uncommon for patients to have their surgical procedure
delayed by a third party for additional nonoperative treatment,
creating a major barrier to care. In an 8-year follow-up study of
3,417 knees deemed appropriate for TKA, Ghomrawi et al found
that only 9% underwent a timely TKA (defined as within 2 years
of meeting appropriateness criteria) (6). In this cohort, 91% were
considered potentially appropriate for TKA but delayed their
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surgery. This delay in elective arthroplasty may lead to further pain
and limitations in physical function and subsequently increased
risk of disability and chronic disease (6,49). Patients who are indi-
cated for TJA also prefer to proceed directly with surgical treat-
ment. In a survey of 200 patients scheduled for TJA in a
3-month period, 93% stated they would not want to delay TJA
for mandatory physical therapy (50). Our Patient Panel agreed.
Both the Patient Panel and Voting Panel highlighted the clinical
and economic value of timely TJA, which leads to improved pain,
function, quality of life, and satisfaction for patients.

As noted, TJA is the only approved definitive therapy for
moderate-to-severe symptomatic OA of the hip or knee, yet racial
disparities in arthroplasty utilization have persisted for decades
(51). Rigid cutoffs for BMI, HbA1c, or smoking status could
increase disparities in arthroplasty utilization by decreasing eligi-
bility among vulnerable populations and those with lower house-
hold income or social status (52). Pooled data from 21,294
adults who were ≥50 years of age from the 1999–2014 National
Health and Nutrition Examination Survey demonstrated that fewer
non-Hispanic Black patients and those with lower household
incomes would be eligible for TJA if the criteria were a BMI of
<40, an HbA1c level of <8%, or complete nicotine cessation (52).

The Patient Panel was instrumental in the development of
this guideline and provided valuable insight into how best to apply
these recommendations in the clinical setting. In particular, the
Patient Panel stressed the importance of the shared decision-
making process when indicating a patient for TJA. Each patient
is unique in terms of their goals, preferences, risk tolerance, social
support, socioeconomic status, medical and psychiatric comor-
bidities, and disease severity. It should be left to the shared
decision-making process for the patient and their physician to
determine whether and when to proceed with TJA. This shared
decision-making process should comprehensively include a dis-
cussion of the unique risks and benefits of the procedure for the
individual patient. Patients who have medical or surgical risk fac-
tors as described in this guideline should be counseled as to their
increased risks, and preoperative attempts to modify these risk
factors through efforts such as weight loss, glycemic control, or
smoking cessation should be encouraged. However, both the
Voting and Patient Panels did not support universal thresholds
or inflexible cutoffs for these modifications (e.g., BMI or HbA1c)
because they limit access to care, particularly for racial and ethnic
minority populations, and do not consider the unique medical,
surgical, and social situation of each patient (53). Although lower
BMI cutoffs and HbA1c cutoffs may result in fewer complications
in a small number of patients, the larger impact is increasingly lim-
ited access to complication-free THA and TKA for many more
patients (52,54–58). This practice could result in increased health
care disparities. In addition, the Patient Panel stressed the impor-
tance of providing patients with ample resources to assist with
modifying their risk factors, recognizing that some patients have
less access to resources than others to meet preoperative goals.

The Voting Panel made all recommendations conditional because
they also recognized that there are exceptions to these recom-
mendations, such as a delay for personal reasons due to family
or work obligations. It is important that these unique circum-
stances be considered during the shared decision-making
process.

The major potential limitation to this guideline is the indirect-
ness and low quality of the available evidence. Moderate- and
high-quality studies addressing these PICO questions will be
challenging to perform. Direct evidence for our questions would
entail randomizing patients indicated for TJA to receive surgical
treatment or delay for a trial of additional nonsurgical treatment
such as physical therapy, intraarticular injections, or bracing, and
then assessing long-term patient-important outcomes. Patients
and surgeons may have concerns about participating in studies
in which patients could be randomized to delayed surgery or not
being offered resources for risk factor modification such as poor
glycemic control. It may be difficult to complete studies with
enough power to demonstrate the effectiveness of risk factor
modification in part due to the relatively low rate of specific com-
plications associated with TJA, even in high-risk patients. Never-
theless, future research is clearly needed in this distinct patient
population. Quasi-experimental study designs may be more fit to
answer some of these questions. Another limitation of the guide-
line is that we grouped several separate populations for our PICO
questions (e.g., knee OA, hip OA, hip ON with secondary arthritis,
and knee ON with secondary arthritis) based on a clinical consen-
sus from the orthopedic surgeons and the rheumatologists on the
Core Team and lack of knowledge of the proportion of cases of
ON with secondary arthritis that would be included in the literature
review, with an understanding that subgroups might be created if
evidence of differences in clinical outcomes was found by joint
type (hip versus knee) and pathology (OA versus ONwith second-
ary arthritis). No such evidence was found, and therefore, these
were treated as a group despite the clear heterogeneity of the
populations. Additional cost to the patient and cost effectiveness
of nonoperative treatments were considered when the recom-
mendations were made, but these were made based on a priori
assumptions because there was a lack of cost effectiveness data
on these treatments in our defined population. We did not include
specialists in nonoperative therapy, such as physical therapists,
as this guideline is intended for those patients who had more
advanced and symptomatic disease for whom nonoperative ther-
apy is no longer helpful; however, absence of their perspective is
recognized as a limitation. Also, our population is those patients
who have attempted nonoperative treatment and for whom that
treatment is no longer effective. The determination that a treat-
ment is no longer effective is individualized as determined by a
shared decision-making process between a patient and the
physician.

We did not include patients who have rheumatoid arthritis
(RA) in this guideline, which is a limitation but was beyond our
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scope, as questions regarding the timing of surgery in patients
who have RA prioritize medication management to decrease
infection risk, which was the focus of the updated 2022
ACR/AAHKS Guideline for the Perioperative Management of Anti-
rheumatic Medication in Patients With Rheumatic Diseases
Undergoing Elective Total Hip or Total Knee Arthroplasty (23).
Although patients who have RA may receive TJA for primary or
secondary OA, their perioperative management is driven by their
systemic inflammatory disease.

This guideline has several strengths. The recommendations
were made and voted on by a multidisciplinary collaboration
group of orthopedic surgeons, rheumatologists, and patients
who have undergone or are scheduled to undergo elective TJA
who provided their expertise and insights. In addition, the GRADE
methodology is well validated and was utilized to make these
consensus-based recommendations (24,25). In addition, there
was high consensus for most of the recommendations, with over
one-half of the recommendations unanimously agreed upon.

In conclusion, this guideline provides evidence-based rec-
ommendations regarding the optimal timing of elective TJA in
patients who have symptomatic moderate-to-severe OA or
advanced symptomatic ON with secondary arthritis for whom
nonoperative treatment has been ineffective and who have cho-
sen to undergo surgical treatment after a shared decision-making
process with their physician. Further recommendations regarding
the timing of TJA in patients who have specific medical comor-
bidities and risk factors are also provided. Through a systematic
review process incorporating the insight, expertise, and experi-
ence of expert clinicians and patients, consensus recommenda-
tions were made based on the best available evidence for this
specific cohort of patients. We acknowledge that the data sup-
porting these recommendations are of low quality and hope that
future research will allow for further refinement and strengthening
of the recommendations for the benefit of patients who suffer
from moderate-to-severe OA or ON with secondary arthritis.
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E D I T O R I A L

The Devil Is in the Detail: Clinical Practice Guideline for the
Optimal Timing of Elective Hip or Knee Arthroplasty

Gillian A. Hawker

What is the optimal timing for hip or knee total joint arthro-

plasty (TJA) in people with symptomatic and moderate-to-severe

radiographic osteoarthritis (OA) or osteonecrosis (ON) who have

not responded to nonoperative treatments? The new clinical

practice guidelines by the American College of Rheumatology

(ACR) and American Academy of Hip and Knee Surgeons

(AAHKS) (1), published in this issue of Arthritis Care & Research,

sought to provide evidence-based recommendations to address

this question.
This is an important topic. With rising prevalence of symp-

tomatic knee OA, including at younger ages, the rates and associ-

ated costs of TJA are skyrocketing (2). Policies that restrict

access to TJA have emerged to combat rising TJA costs, ideally

while also ensuring access and quality of care. The new recom-

mendations aim to inform shared decision-making (SDM)

between patients and clinicians regarding TJA while also chal-

lenging health insurance coverage policies that restrict timely

access to TJA. The conditional recommendations are based on

low or very low-quality evidence. Thus, they provide little sub-

stance to guide TJA shared decision-making, other than under-

scoring the importance of SDM in the context of TJA. However,

they do serve to highlight the tremendous burden on patients

imposed by advanced, symptomatic hip and knee arthritis and

the injustice of imposing undue delays to receipt of TJA to candi-

dates deemed “appropriate” for surgery.
In essence, the guideline recommends that people who are

deemed “appropriate” for TJA at surgical consultation should

not have their surgery delayed for additional trials of nonoperative

treatments, e.g., physical therapy, nonsteroidal antiinflammatory

drugs, ambulatory aids, and intraarticular injections. At face value,

this seems reasonable. But, as is often the case, the devil is in the

details. Whether or not these recommendations will shift coverage

policy makers’ stance is unclear for the following reasons:
First, the authors are careful to state, and restate, that their

recommendations do not apply to patients who are not

appropriate for TJA (e.g., those with mild radiographic OA or

ON, with minimal pain or disability, or who have not tried some

form of nonoperative therapy). However, a widely accepted and

standardized approach to determining patient appropriateness

for TJA does not currently exist (3).
Appropriate care is broadly defined as that which provides

net benefit to the patient (4,5). There is general consensus that

TJA is appropriate in people who have a demonstrable need for

surgery (moderate-to-severe OA based on symptoms and imag-

ing who have tried and had inadequate response to nonsurgical

therapies), are fit for surgery (potential surgical benefits outweigh

risks), are ready and willing to undergo TJA, and who have realis-

tic surgical expectations (3,5–8). However, research suggests

that these criteria are not consistently considered or assessed

(6). In our recently published cohort study of 1,273 people with

knee OA undergoing primary, elective TKA, only 62% had

received formal or informal exercise/physical activity interventions,

WOMAC OA Index and Knee Injury and Osteoarthritis Outcome

Score Physical Function Shortform scores covered the full range,

from very low to very high, one-fifth reported their knee symptoms

as “acceptable,” and one-third had Kellgren-Lawrence grades

1 or 2 on radiographs (5). At one year post-surgery, only 78%

had experienced meaningful improvement in their knee symp-

toms and were satisfied with their surgical results. These findings

are consistent with those of other studies (9–11) and indicate that

there may be individuals undergoing TJA who do not need it,

want it, and/or have a low probability of benefit from it. The guide-

lines on optimal timing of TJA do not address this issue and

should not be conflated with recommendations for patient appro-

priateness for TJA.
Second, as noted above, the recommendations are condi-

tional based on low or very low-quality evidence. Further, some

recommendations, for example, improved glycemic control

before operating in patients with diabetes mellitus, lack specific

guidance regarding the target presurgical status that should be
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achieved. This makes operationalizing the recommendations
challenging in clinical practice. The poor-quality evidence reflects
a paucity of clinical trials that have compared TJA to other treat-
ments or delayed surgery. Only one randomized controlled trial
has been performed comparing TJA to a program comprised of
recommended nonsurgical therapies (12). Both improvement in
pain and function were greater at 1 year follow-up in the surgical
group compared with the nonsurgical group, but the
surgical group was also at higher risk for adverse events, includ-
ing deep venous thrombosis and return to the operating room
for manipulation under anesthesia. These findings are consistent
with outcomes from many longitudinal observational cohort stud-
ies, which show that most TJA recipients experience substantial,
sustained improvement in joint pain, mobility, and emotional sta-
tus, but that about one in five TJA recipients will not, resulting in
dissatisfaction with their results (13,14). Long wait times exist for
TJA in many countries, but the data on the impact of waiting is
mixed; some have shown progression of symptom severity while
others have not (15,16). Thus, the impact of delayed surgery is
unclear. That said, among people who are truly appropriate for
surgery, it seems reasonable to ensure they receive it in a timely
fashion.

How might these recommendations help
patients?

Importantly, they place TJA decision-making firmly in the
realm of the patient and their health care team. Given that “appro-
priate” care is that which provides the best possible outcome to
the patient, our job as clinicians is to provide our patients the best
available evidence to inform their treatment decisions, respecting
their personal preferences, values, and circumstances, e.g., age,
comorbidities, social support, and employment status (3). That
is, through a process of SDM. SDM has been shown to improve
patient satisfaction and adherence to therapy and may also
reduce undesired care (17).

When nonsurgical therapies no longer adequately control
patients’ symptoms, impacting their quality of life, guidelines
recommend that TJA be considered (18–20). But whether or
not to consider TJA is one of the trickiest treatment decisions
people with symptomatic knee OA must make as TJA is an
elective, preference-sensitive procedure, performed to improve
quality of life. In prior work, we have shown that the patient’s
willingness to undergo TJA is the strongest predictor of their
subsequent receipt of surgery (21). TJA willingness reflected
patients’ perceptions of their candidacy for surgery, including
perceived OA severity, coping efficacy, and perceived risks
and benefits of surgery (21–23). These beliefs and perceptions
are influenced by gender, race/ethnicity/religion, health literacy,
social network factors, and socioeconomic status (21). In a
recently published study, we showed that preoperative mea-
sures of TKA readiness, willingness, and TJA expectations

significantly enhanced ability to discriminate those who did ver-
sus did not go on to experience a good TKA outcome com-
pared with measures of knee pain and disability alone (5).
Thus, consistent with current TJA clinical practice guidelines
(18,19,24), decisions regarding TJA, including appropriateness
and optimal timing, should be determined through SDM. Deci-
sion aids have been developed to support patient decision-
making regarding TJA (25), but none currently exist to support
patient-surgeon SDM regarding TJA.

It’s time to bridge this gap

In prior qualitative research, we showed that hospital
administrators want greater transparency regarding patient
selection for TJA (26), but agreed that clinical decisions should
be left to the patient and health care professionals. Arthro-
plasty surgeons agreed that a decision support tool would be
useful to inform referral for TJA, identification of appropriate
candidates for TJA, and to enhance their accountability to the
system (27). It’s time to develop, implement, and evaluate
such a tool in clinical practice. An implementation science
approach, whereby all stakeholders come together to under-
stand barriers and facilitators to SDM in the context of TJA
decision-making and to develop and test the feasibility and
effectiveness of strategies to overcome identified barriers, is
needed.

The guideline presented in this issue on optimal timing of TJA
applies to the care of patients who are “appropriate” for TJA. Until
we can demonstrate to payors and policy makers that those
being recommended for surgery are appropriate, policies that
restrict access to TJA are likely to persist. To ensure timely access
to this highly effective procedure for those who need it, want it,
and have high likelihood of benefiting from it, we need to work
together to put in place a standardized approach to assessment
of patient appropriateness for surgery and ensure access to all
effective nonsurgical therapies to all people living with symptom-
atic knee OA or ON.

Summary of main points:

• The ACR recommendations apply to people who are
“appropriate for surgery,” yet no standardized approach
exists to establish patient appropriateness.

• The recommendations are based on low-quality evidence,
limiting their usefulness in clinical practice, and the evi-
dence against surgical delay is mixed.

• To advance timely access to TJA, strategies are required
to improve the use of SDM for TJA in surgical practice.
Enhanced SDM has potential to reduce undesired care,
improve patient satisfaction, and address policy makers’
concerns regarding TJA overuse.
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E D I T O R I A L

Advancing Rheumatology Through Medical Education
Research

Eli M. Miloslavsky1 and Beth L. Jonas2

Medical education research has undergone tremendous
advances over the past half century. This field of inquiry has
evolved, from evaluating curricular innovations at a single center
with outcomes centering on learner perception to using both
quantitative and qualitative methods to study topics ranging from
the learning environment to patient outcomes resulting from edu-
cational interventions (1). In this issue of Arthritis Care & Research,
Leverenz and colleagues (2) describe the development and evalu-
ation of RheumMadness, an online educational intervention
designed to educate and engage several levels of learners across
multiple institutions. Modeled on the successful NephMadness
concept developed in nephrology, Leverenz et al created a tour-
nament of rheumatology concepts where recent advances in
rheumatology (e.g., avacopan in antineutrophil cytoplasmic
antibody–associated vasculitis) compete among each other via a
voting system. Their work utilizes multiple advances in medical
education, including collaborative learning and constructivist
activities (rheumatology fellows worked in teams to create “scout-
ing reports” which educated participants about each concept),
gamification (using a tournament with winners to engage
learners), and the use of social media (to enhance discussion
about the concepts being taught and connect learners across
institutions). Theory-based evaluation of RheumMadness using
the Community of Inquiry framework further enhances their contri-
bution by providing a nuanced view of its impact and future steps
for improvement. This thoughtfully designed, theory-based proj-
ect overcomes the barrier of testing curricula in small training pro-
grams and serves as one example of educational scholarship
progress in our field.

With progress also comes the promise of medical education
research in helping to overcome some of the biggest challenges
facing rheumatology today. This potential has long been recog-
nized within rheumatology, as it was one of the first medicine sub-
specialties to support education scholars through the
Rheumatology Research Foundation’s Clinician Scholar Educator

Award, which began in 1999 (3). Herein we highlight the critical
role we anticipate medical education will have in impacting areas
important to rheumatology such as workforce training and reten-
tion, transitions across career phases, interprofessional patient
care, and diversity, equity, and inclusion.

Advances in the science of rheumatology over the last
decades have led to the discovery of innovative diagnostic tools
and exceptionally effective therapies for many of our complex dis-
eases. The American College of Rheumatology (ACR) 2015 work-
force study revealed a significant projected deficit of both adult
and pediatric rheumatology providers in the US (4); one that is
likely to grow due to increasing demands for rheumatology exper-
tise, the changing demographics of the workforce, geographic
maldistribution of professionals, and accelerated attrition due to
the modern-day challenges of medical practice. Developing a
robust and competent workforce skilled in the rapidly evolving sci-
ence and practice of rheumatology is critical for the care of a
growing population of patients with rheumatic and musculoskele-
tal diseases. Our learners must be knowledgeable, collaborative,
adaptive, and comfortable with the uncertainty that surrounds
many of our diseases. Developing the next generation of rheuma-
tology providers falls squarely with our academic clinician
educators.

Work is ongoing to increase the number and geographic dis-
tribution of training slots, but we cannot underestimate the impact
and value of the quality of rheumatology instruction and assess-
ment in workforce development. Medical education scholarship
in rheumatology is a critical tool for the development of a well-
trained rheumatology workforce, enhancing both the skills of the
faculty and the trainees. Advances in the scholarship of teaching
and assessment have led to new and innovative evidence-based
strategies including Competency Based Medical Education and
the Milestones Competency Assessment tool, which have been
adapted for rheumatology training by rheumatology clinical
scholars (5,6). These tools are critical in assessing trainee growth,
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providing feedback, and ensuring that fellowship programs grad-
uate competent and effective physicians. Active learning strate-
gies (problem-based learning, team-based learning, flipped
classroom, and other modalities) have been incorporated into
undergraduate medical education (UME), but less so in graduate
medical education (GME). In a meta-analysis of 225 studies
comparing student performance in undergraduate science, tech-
nology, engineering, and mathematics (STEM) courses under tra-
ditional lecturing versus active learning, active learning was
associated with increased examination performance by about a
half of a standard deviation and lecturing was associated with an
increased failure rate by 55% (7). Yet, adoption of active learning
has been very slow even among faculty who are knowledgeable
about the benefits, citing lack of time and adequate training as pri-
mary barriers to change (8). The challenge for rheumatology edu-
cational scholars is to develop the professional skills necessary to
support active learning, effective feedback, and deliberate prac-
tice and to disseminate this knowledge to clinical teaching faculty.

Transitions between career phases (from student to resident
to fellow to attending) have been a major challenge for most phy-
sicians, likely impacting critical outcomes such as knowledge and
skill acquisition, professional identity formation, growth mindset
and burnout. Notably, these attributes are also important for
retaining practitioners in our field. Recent focus on such transi-
tions has identified many barriers in our education system includ-
ing use of different evaluation instruments in UME and GME, bias
and variable reliability and accuracy of faculty evaluations, and
lack of transparency in communicating trainee progress between
training phases, among others (9). Recent recommendations
from the Coalition for Physician Accountability serve as an impor-
tant first step to address the transitions challenge (10). The rec-
ommendations include developing a common framework of
competencies across UME and GME, reducing bias in assess-
ment, and promoting coaching across the medical education
continuum that supports life-long learning and professional iden-
tity formation. Medical education research will play a critical role
in supporting this process. Developing robust assessment
methods requires an understanding of education theory, assess-
ment frameworks, and psychometrics. A nuanced understanding
of how professional identity is formed and how the learning envi-
ronment, mentoring, coaching, curricula, and assessment influ-
ence its development will help determine the best methods to
support the development of physicians who can best serve our
society (11). Finally, elucidating the complex interplay between
professional identity formation, training structure, resilience, and
burnout will be critical to retaining and sustaining a robust and
productive workforce.

While GME programs are focused on training rheumatology
physicians, there are shared challenges across the spectrum of
rheumatic disease professionals in recruiting, training, and sup-
porting health professionals in the rheumatology workforce. The
practice of rheumatology relies on interdisciplinary teams for the

most effective care with contributions of physicians, advanced
practice providers, nurses, occupational and physical therapists,
and other professionals. National (Institute of Medicine) and
international (World Health Organization) bodies have called for
the use of interprofessional education to promote collaborative
learning in preparation for interdisciplinary care in practice
(12,13). There is growing evidence that effective interprofessional
care improves the quality of care and patient outcomes by
improving learners’ attitudes, knowledge, and skills in the health
care environment (14). Much like challenges to implementing
active learning strategies, while there is empirical evidence that
interprofessional education improves outcomes, there is much
work to do preparing our educational workforce to embrace and
implement these strategies. Medical education research on effec-
tive interdisciplinary musculoskeletal education is one example
from the field of rheumatology education that can lead to more
effective interprofessional care (15).

Promotion of diversity, equity, and inclusion is critical to real-
izing better care for our patients. For example, race concordant
care has been associated with improved health care outcomes
(16); however, in 2019, only 5.2% of US physicians identified as
Black and 6.9% as Hispanic (17). Within adult rheumatology, phy-
sicians underrepresented in medicine may be even fewer, with
only 0.8% of respondents to the 2015 ACR Workforce Survey
identifying as Black and 8.5% as Hispanic (3). Notably, diversity
among rheumatology fellows has also lagged behind other medi-
cine subspecialties (18). Addressing the lack of workforce diver-
sity is one way to reduce disparities in care access and quality.

Medical education research is a critical tool in recognizing the
barriers to advancing diversity in our workforce and understand-
ing the impact of interventions. While training and retaining a more
diverse workforce has long been recognized as critical, addres-
sing racial bias during training is also important to enhancing the
diversity of our workforce. For example, race and sex differences
have been described in medical school clerkship evaluations and
grading (19). Racial bias likely extends to United States Medical
Licensing Examination testing and Alpha Omega Alpha member-
ship, two factors critical in the residency match process (20).
Moreover, mistreatment has been demonstrated to be common
during medical school and has been associated with lower empa-
thy, higher burnout, and career regret (21). Interventions targeting
teaching methods, assessment, and the learning environment are
likely to play a key role in overcoming these barriers. Studying the
efficacy of promising interventions, such as implicit bias training,
inclusion of structural competency in training curricula, under-
standing effective teaming, and developing interventions to
reduce compassion fatigue, hold the key to achieving diversity
goals in our field.

Recognizing and supporting medical education scholarship
holds promise in addressing some of the most pressing chal-
lenges facing rheumatology today. The work by Leverenz et al,
as well as other education researchers in our field, represent the
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progress and the potential of this discipline. However, just like all
other science research, effective medical education research
requires the acquisition of research skills, dedicated time,
and effective mentorship. Investment in these areas, as the
Rheumatology Research Foundation did with the development
of the Clinician Scholar Educator Award, will pay dividends for
providers, patients, and society.
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E D I T O R I A L

Current State of Ultrasound Training in US Rheumatology
Fellowships

Ana Valle1 and Shereen N. Mahmood2

Numerous articles have advocated for the routine use of
rheumatology musculoskeletal ultrasound (MSUS) based on its
ability to improve patient outcomes with earlier diagnoses, utility
in treatment monitoring, and targeted procedures. Unlike other
imaging modalities, MSUS allows for expedient bilateral, dynamic
testing while being noninvasive, affordable, and limiting exposure
to undue radiation. While it is a powerful teaching tool for patients
to understand their disease and its progression, it is purported to
be invaluable in fellows’ education so that they can visualize dis-
ease processes and correlate them to physical examination and
pathology findings. After multiple years of ultrasound advocacy
in the US, it is time to reevaluate how ultrasound training offered
by rheumatology fellowships has evolved so we can consider its
future trajectory within fellowship education and address barriers
that may shape its prevalence.

In the US, the use of MSUS within rheumatology has tremen-
dously expanded over the past two decades. In the early 2000s,
MSUS training in the US relied on invited international experts
teaching courses or conferences (1). By 2008, the Ultrasound
School of North American Rheumatologists (USSONAR) was
established as a US-basedworking group to train other rheumatol-
ogists, establish competencies, and carry out ultrasound-related
research (2). Shortly after, the American College of Rheumatology
(ACR) partnered with USSONAR in 2011 to provide ultrasound
education as faculty development for interested fellowship pro-
grams and, one year later, the rheumatology musculoskeletal
ultrasound (RhMSUS) board certification came to fruition (3,4).
The increasing momentum behind ultrasound use was palpable,
and a 2013 ACR survey of fellowship program directors found
that 60% of respondents included MSUS teaching at some level
(if not in a formalized curriculum), and a quarter of those who
had not were planning to implement ultrasound into their curricu-
lum in the near future (1). In 2014, the ACR held its first ultrasound
symposium, which highlighted fellowship programs with MSUS
curricula, such as University of Southern California and Loma

Linda University, who considered MSUS an essential component
of clinical anatomy (5). By 2016, Torralba et al reported 108 of
113 (94%) rheumatology fellowship program directors reported
teaching MSUS and 41% had a dedicated, implemented MSUS
curriculum (6). While the implementation of MSUS was moving
quickly, it likely stalled during the COVID-19 pandemic as fellow-
ships relied heavily on remote learning. Our own review of
the rheumatology fellowship websites in the summer of 2022
revealed that most programs, 113 of 141 or approximately
80%, advertised a curricular ultrasound component, yet only
14% (20 of 141) of programs offered a pathway to ultrasound
certification through USSONAR.

As one can see, given the value in education and patient
care, many strides to incorporate MSUS in training have occurred
over a relatively short time. Yet, as a specialty, we have not
come to a consensus on the goal of MSUS training during fel-
lowship. Torralba et al discuss the vital role of MSUS as a tool
for fellows to learn clinical anatomy (5). Other studies imply
MSUS implementation has a unique role in patient care which
suggests the goal is MSUS competency to improve patient
outcomes (3,7). Most program directors also believe the ACR
should champion MSUS certification for fellows, suggesting
that while certification may not be a necessary component of
MSUS fellowship training, all trainees should equally have
access to pursue certification even if it may be outside of their
fellowship program (6).

While many fellowship programs have developed their own
ultrasound criteria, the ACR has published and updated several
scanning protocols, including one specifically for trainees, in an
effort for standardization (8,9). We, however, have minimal learner
feedback regarding the utility of these protocols. There is a
stark need for curriculum evaluation so that there is evidence sup-
porting the methods we are using to educate fellows on the topic
of MSUS. Reasons for the lack of evaluation may include dispa-
rate resources which limit MSUS implementation and practice.
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Faculty with MSUS experience and/or accreditation as well as
clinics with ultrasound machine access vary across states.
Additionally, trainees have limited time, which is often focused on
other board-tested material. Furthermore, as MSUS appears
more frequently in pathology definitions, diagnostic criteria, and
taking into account its utility in treatment monitoring and out-
comes, we must delineate when and to what degree ultrasound
competency should be a part of rheumatology board certification.
As a specialty, we must have an explicit conversation regarding
the objectives and goals of MSUS training during fellowship,
including pathways to MSUS certification and board certification
knowledge requirements, and only afterward can we discuss
standardization.

When we look toward our European colleagues, we see sim-
ilar patterns of ultrasound interest and education incorporation
without standardized curriculum and learner evaluation. Taggart
et al, Gutiérrez et al, and others have reported their own MSUS
curriculum (10–12). Yet evaluation of the EULAR courses and
the rheumatology competency assessment (COMPASS) by
trainees are difficult to find. Grigoriou et al revealed that while a
large quantity of rheumatology trainees (42%) had formal ultra-
sound training, the frequency of financial support and certifica-
tion is much lower, with 12% and 10%, respectively (13).

In the US, we must also consider the medical organizations
that influence our MSUS incorporation. Currently, the Accredi-
tation Council of Graduate Medical Education does not regard
exposure to or proficiency in ultrasound as a core competency
despite its universal explosive interest over the last decade.
Approximately a decade ago, sports medicine fellowships were
in a similar predicament in which MSUS was viewed by many
educators and providers as crucial, yet was not included in any
national requirements. However, the American Medical Society
for Sports Medicine advocated for ultrasound as a vital compo-
nent of sports medicine education that led to a specialty specific
MSUS coined “SPORTS US,” which is now a requirement for all
sports medicine fellowship programs (14). Also, rheumatolo-
gists currently receive MSUS reimbursements by the Centers
for Medicare and Medicaid Services (CMS) and in recent years
there has been growing concerns due to diminishing MSUS
reimbursements that may ultimately cease (15). This downward
reimbursement trend comes at a time when we continue to see
growth in the value of MSUS to patient care, given its ability for
early diagnosis and treatment monitoring that translates into
earlier treatment interventions—ultimately minimizing long-term
disability and health care costs. This decrease in reimburse-
ments has led to advocacy from rheumatologists and the ACR
to CMS, which kept payment cuts at bay, yet only for this
year (15).

We believe it is imperative to evaluate the current state of
ultrasound training within fellowship so we can have a proac-
tive and decisive voice in the future role of ultrasound within
the field of rheumatology. The priority we place on the mission,

quality, and standardization of ultrasound education now will
determine the integration of MSUS within routine clinical care
in the next generation of rheumatologists. Discussions of
national MSUS requirements for rheumatology fellowship pro-
grams are crucial so that ultrasound grows from an interest
to integral part of rheumatologic care. As more rheumatologists
integrate MSUS into their patient encounters, we hope it will
increase the numbers of those who advocate for CMS reim-
bursements for MSUS and perhaps even solidify the impor-
tance of this reimbursement in the future. These steps are
necessary to ensure MSUS is not treated as a passing fad or
niche learning tool but rather an instrument that improves
patient outcomes.
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RheumMadness: Creating an Online Community of Inquiry
in Rheumatology

David L. Leverenz,1 Akrithi U. Garren,2 Guy Katz,3 Didem Saygin,4 Allen Witt,5 Robert Harper,6

Matthew A. Sparks,1 and Lisa Criscione-Schreiber1

Objective. To evaluate the educational impact of RheumMadness, an online tournament of rheumatology concepts
grounded in social constructivist theory, as viewed through the community of inquiry (CoI) framework.

Methods. The curricular scaffold of RheumMadness was a bracket of 16 rheumatology concepts competing as
“teams” in a tournament. Participants could create and review “scouting reports” about each team, listen to a Rheum-
Madness podcast, discuss on social media, and submit a bracket predicting tournament outcomes according to the
perceived importance of each team. Engagement was measured with direct analytics and through self-report on a sur-
vey. The survey also assessed participants’ educational experience using an adapted 34-item CoI survey, which
describes the cognitive, social, and teaching presences in a learning activity.

Results. One hundred brackets were submitted. On average, each scouting report was viewed 92 times, each pod-
cast episode was downloaded 163 times, and 486 tweets were sent about #RheumMadness from 105 users. The sur-
vey received 58 of 107 responses (54%). Respondent agreement with prompts related to each CoI presence was:
70.3% cognitive, 61.7% social, 84.9% teaching. Reported engagement in RheumMadness correlated strongly with
overall CoI survey scores (r = 0.72, P < 0.001).

Conclusion. RheumMadness created an online CoI that fostered social constructivist learning about
rheumatology.

INTRODUCTION

According to the theory of social constructivism, the devel-

opment of meaning through social interaction is fundamental to

human learning (1). Collaborative learning activities rooted in

social constructivism emphasize active knowledge co-creation

through discourse and reflection (2). Social media has expanded

the reach of social constructivist initiatives, enabling learners from

diverse educational settings to share knowledge, challenge prior

assumptions, and make new cognitive and social connections (3).
We were inspired to explore collaborative learning in rheu-

matology after seeing the impact of NephMadness, an online

tournament for the global nephrology community (4–6). In

NephMadness, a bracket of “teams” representing key con-

cepts in nephrology compete against each other through multiple

head-to-head matchups, similar to a March Madness college

basketball tournament. Each year, approximately 1,000 partici-

pants submit a NephMadness bracket, attempting to predict the

winners of each matchup against the choices of a Blue Ribbon

Panel of experts to determine the most important, impactful,

and/or exciting concept in the tournament (7). The tournament

generates passionate discussion on social media, and nephrol-

ogy communities around the world host NephMadness parties

to celebrate the tournament. NephMadness has inspired the

creation of numerous social media–based educational initia-

tives for nephrology, including a Twitter journal club, the

Nephrology Social Media Collective, and the Nephrology Simu-

lator (8–10). Clearly, NephMadness is not just an educational

game, it is the birthplace of an online learning community in

nephrology. We were inspired to create a similar community in

rheumatology, so we partnered with NephMadness leadership

to create RheumMadness.
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While NephMadness provided the curricular model for Rheum-
Madness, we needed a sound theoretical framework to support our
efforts. Learning theory is crucial in social media–based education
for illuminating the educational perspectives of course leaders, justi-
fying the use of technology, and choosing an assessment strategy
that aligns with intended outcomes (11–14). The structure of
RheumMadness draws upon the concept of gamification, in which
game elements are applied to traditionally nongame contexts to
increase engagement, motivation, and emotional connection to the
educational activity (15). Our primary goal was to use this game to
inspire collaborative learning. Therefore, we based our assessment
strategy on the community of inquiry (CoI) framework, which offers
a useful foundation for evaluating online social constructivist activi-
ties (16).

In the CoI, a learner’s educational experience is described as
the function of 3 domains: the cognitive, social, and teaching
presences (17). The philosophical basis of the CoI derives from
the work of John Dewey, who pioneered the concept of inquiry-
based learning as a way to foster deep and meaningful educa-
tional experiences (16). Dewey succinctly summarized this per-
spective when he wrote, “the quality of mental process, not the
production of correct answers, is the measure of educative
growth” (18). Therefore, the chief purpose of the CoI framework
is to describe the quality of a learner’s mental process as they
experience an educational activity, thus providing insight into
how meaningful the educational experience is to the learner (16).
Validation studies show that the 3 CoI presences are distinct yet
interconnected, acting as key mediators of one another (see Sup-
plementary Figure 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.25108,
which shows a Venn diagram conceptualizing the 3 intercon-
nected CoI presences) (17,19–22). The CoI presences also corre-
late positively with course satisfaction, perceived learning, and
grades (17,23,24). Despite this evidence, few medical education

initiatives have used this tool (25). We chose the CoI framework
because it aligned with our social constructivist perspective and
offered a clear lens for viewing the educational experience of
RheumMadness participants.

In this project, we created and assessed the educational
impact of RheumMadness, an online collaborative learning
initiative in rheumatology modeled after NephMadness and
grounded in social constructivism and the CoI framework. Our
aim was to engage participants in collaborative learning and
inspire knowledge co-creation in rheumatology. In this article,
we explore the interaction between participants’ engagement in
RheumMadness and their educational experience as described
by the 3 presences within the CoI framework.

MATERIALS AND METHODS

Participants and setting. RheumMadness is intended for
all learners interested in rheumatology, including practicing rheuma-
tologists, advanced practice providers, fellows, internal medicine
residents, medical students, and patients. Social constructivist activ-
ities are centered in learners’ zone of proximal development, where
peers and instructors must work together to grow in knowledge
(26). Therefore, we designed RheumMadness so that participants
create much of the learning themselves through collaboration and
discussion.

We recruited participants through social media (99 promo-
tional tweets from RheumMadness leadership from July 1, 2020
through the end of bracket submissions March 26, 2021), direct
emails to colleagues throughout the US (345 emails about
RheumMadness sent by DLL from July 1, 2020 through March
26, 2021), and inclusion in the American College of Rheumatology
Fellow-in-Training and Faculty newsletters in January 2021. A
timeline of recruitment efforts and key dates for each curricular
element in RheumMadness is shown in Figure 1. The Duke Uni-
versity Institutional Review Board exempted RheumMadness as
educational research.

Curriculum structure. The RheumMadness tournament
took place in March 2021, consisting of a bracket containing
16 rheumatology concepts competing as individual teams (see
Supplementary Figure 2, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.25108, which shows the full bracket). We based each team
on 1 or 2 articles published within the preceding 2 years. For
example, the systemic lupus erythematosus region contained
2 teams: “Belimumab for Lupus Nephritis,” based on the BLISS-
LN trial (27), and “Anifrolumab,” based on the TULIP-1 and
TULIP-2 trials (28,29). Participants were invited to complete their
own brackets, attempting to predict which teams would progress
through the tournament based on each topic’s current and/or
future implications for patients, providers, and researchers. These
criteria were intentionally vague to draw out different perspectives

SIGNIFICANCE & INNOVATIONS
• An online tournament of rheumatology concepts

successfully fostered collaborative learning by
incorporating curricular elements based in social
constructivist learning.

• The community of inquiry (CoI) framework offered
a unique glimpse into the cognitive, social, and
teaching presences experienced by RheumMad-
ness participants.

• Higher engagement with RheumMadness was asso-
ciated with a more meaningful educational experi-
ence, as described by the CoI.

• Engagement with didactic curricular elements (the
scouting reports and podcast series) correlated
most with the cognitive presence, whereas engage-
ment on social media correlated most with the
social presence.
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and inspire debate. The outcome of each matchup was decided
by a Blue Ribbon Panel of rheumatologists, chosen by Rheum-
Madness leadership with the intention of including members with
diverse areas of expertise and practice settings. The final panel
included 7 members: 1 rheumatology fellow, 1 private practice
rheumatologist, and 5 academic rheumatologists (2 Assistant
Professors, 2 Associate Professors, and 1 Professor) (30). Panel
members reviewed the scouting reports and original articles on
which the teams were based, after which they voted to determine
which team won the matchup according to the same criteria pro-
vided to the participants. Participants received points for each
correct prediction that matched the choices of the panel.

In keeping with social constructivism, the bracket of teams
served as the scaffold upon which participants built knowledge
as they engaged with other curricular elements in RheumMad-
ness (1,11). These elements included scouting reports reviewing
each team in the tournament, a RheumMadness podcast series,
and organic social media–based discussions. The scouting
reports were collaboratively written by approximately 40 adult
rheumatology fellows from 14 training programs in the US and
peer reviewed by the RheumMadness leadership team. In Neph-
Madness, scouting reports are written primarily by members of
the NephMadness leadership team, whereas in RheumMadness
we asked learners to create the scouting reports to emphasize
the social constructivist principle of knowledge co-creation by
the learners, while also helping to increase engagement in the
tournament. We recruited scouting report authors through direct

emails to fellowship program directors, who then coordinated
with their fellows to accept or decline the invitation. Scouting
report topics were assigned to each fellowship program by the
RheumMadness leadership team. In addition, the leadership
team provided extensive instructions to the authorship teams,
including an explainer video, an example scouting report, and a
blank scouting report template. Each scouting report followed
the same structure: 1) topic overview; 2) current and future impli-
cations for patients, providers, and researchers; 3) chances the
topic would win in the first round and the tournament as a whole;
and 4) hyperlinks to primary literature. Within these specifica-
tions, each program was free to determine how fellows collabo-
rated together to write the reports. Once completed, the reports
were peer reviewed by the RheumMadness leadership team
and then posted to the RheumMadness website for participants
to use as a learning resource to inform their bracket winner
choices (31).

Podcasts can foster a sense of connection in professional
communities (32). Therefore, we created a RheumMadness pod-
cast series with 15 episodes from August 2020 through April
2021. The podcast was a unique addition to the NephMadness
curricular model, as NephMadness does not have a podcast
series. In the RheumMadness podcast series, our leadership
team discussed concepts in the tournament to provide direct
teaching, familiarize listeners with the idea of rheumatology con-
cepts competing as teams, and contextualize the type of conver-
sation we hoped RheumMadness might foster. We also posted

Figure 1. Timeline of the development and implementation of the 2021 RheumMadness tournament.
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audio versions of the scouting reports to appeal to different learn-
ing preferences.

Regarding social media–based discussion, participants were
encouraged to read and discuss posts about RheumMadness on
Twitter using the hashtag #RheumMadness. This practice is sim-
ilar to NephMadness, which uses the hashtag #NephMadness.
The purpose of social media–based discussion from a social con-
structivist perspective is to encourage collaborative learning, dis-
cussion, and knowledge co-creation among participants (1). We
continually monitored and fostered this discussion through
“Tweetorials,” polls, and other posts. In addition, we created a
private RheumMadness Facebook group only for rheumatology
trainees.

Assessment instruments. Our research aims were to
describe participant engagement with RheumMadness, to under-
stand the perceived educational experience of RheumMadness
participants as examined through the CoI framework, and to ana-
lyze the relationship between engagement with RheumMadness
and perceived educational experience, hypothesizing that partici-
pants with higher reported engagement would report a more
meaningful experience. Data pertaining to these aims were col-
lected through web-based engagement analytics and a survey.

To measure engagement with RheumMadness, we used
Google Analytics to monitor scouting report utilization from the
date the scouting reports were posted (March 15, 2021) through
tournament completion (April 5, 2021). We used Symplur to mon-
itor the Twitter hashtag #RheumMadness when the majority of
social media activity occurred (February 8, 2021 to April
8, 2021). Facebook analytics tracked engagement on the
RheumMadness Facebook Group. Finally, podcast downloads
were measured from the month the podcast began (August
2020) through the last month of the tournament (April 2021).

The survey assessed participant demographic information,
self-reported engagement with RheumMadness, perceived expe-
rience of the CoI presences, and satisfaction (see Supplementary
Appendix A, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.25108, which
contains the full survey). Medical students, residents, and
advanced practice provider trainees were asked to indicate how
RheumMadness impacted their interest in rheumatology. All par-
ticipants were asked to estimate engagement with the podcast
episodes and scouting reports using the following 5-point scale:
1 = none, 2 = some, 3 = approximately half, 4 = many, 5 = all. In
addition, participants were asked to estimate their frequency of
reading and writing social media posts about RheumMadness
using the following 5-point scale: 1 = never, 2 = rarely (just once
or twice), 3 = occasionally (approximately once per week), 4 = a
moderate amount (several times per week), 5 = a great deal
(approximately every day).

The survey also asked participants to respond to 34 prompts
assessing the CoI presences. We adapted these prompts

from the 34-item CoI survey, a validated tool for describing the
3 CoI presences and their subdomains in online education
courses (20,22). According to the CoI framework, the cognitive
presence is composed of 4 subdomains, representing 4 stages
of cognitive processing: 1) knowledge triggering (identification of
an issue or problem), 2) exploration (searching for relevant infor-
mation), 3) integration (constructing meaning and synthesizing
ideas), and 4) resolution (application of new knowledge). The social
presence is comprised of 3 equally important subdomains: affec-
tive expression (the display of personality and emotions), open
communication (a sense of trust), and group cohesion (a percep-
tion of effective collaboration). The teaching presence brings the
cognitive and social presences together within the educational con-
text; its 3 subsubdomains are course design (planning course
structure), facilitation (engaging participants in social and cognitive
components of the course), and direct instruction (teaching led by
course leadership) (17). Of the 34 total prompts in the CoI portion
of the survey, 12 address the cognitive presence, 9 address the
social presence, and 13 address the teaching presence (see Sup-
plementary Appendix A, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.25108,
for survey prompts related to each subdomain). Each CoI prompt
uses the following 5-point scale: 1 = strongly disagree, 2 = disagree,
3 = neutral, 4 = agree, 5 = strongly agree.

We distributed the survey by email to all RheumMadness
participants who submitted a bracket and to members of the Blue
Ribbon Panel, and additionally we shared the survey on social
media. Responses from social media were excluded if they did
not report submitting a bracket. We also excluded incomplete
survey responses, defined as surveys with no responses to ques-
tions on engagement, the modified CoI questions, or satisfaction.
All surveys were anonymous. Participants consented to the anon-
ymous use of their responses in data analysis and reporting.

Data analysis. We used descriptive statistics to analyze
direct and self-reported engagement with RheumMadness
(research aim 1) and participants’ experience of the CoI pres-
ences on the survey (aim 2). We also analyzed the content of
tweets about #RheumMadness and free-text comments on the
survey to identify statements that illustrated participants’ experi-
ence with each CoI presence according to an established coding
template for CoI-based content analysis of course tran-
scripts (16).

Next, we analyzed the interaction between participant
engagement with RheumMadness and perceived educational
experience on the survey (aim 3). We defined 2 groups based on
survey results: full participants were those who listened to at least
half the podcast episodes, read/listened to at least half the scout-
ing reports, and read social media posts about #RheumMadness
at least once per week. The remaining respondents were defined
as partial participants. The cutoffs for defining full versus partial
participants were based on our estimation as a leadership team
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of what constituted substantial engagement in each of the major
curricular elements in RheumMadness. These cutoffs were
defined prior to data analysis. We used Fisher’s exact test to
compare the proportion of survey responses from full versus par-
tial participants indicating disagreement (score 1–2), neutrality
(score 3), or agreement (score 4–5) with questions related to each
CoI presence. Missing responses were considered neutral
(score 3).

To further explore this relationship, we calculated Pearson’s
correlation coefficients between weighted averages of survey
responses about engagement with each curricular element and
the CoI presences (scale of 1–5). We analyzed 4 engagement var-
iables: podcast, scouting reports, social media, defined as the
average of the 2 questions about reading and writing social media
posts, and overall engagement, defined as the average of the pre-
ceding 3 variables. The 4 CoI variables were derived from the
average responses to prompts relating to the cognitive, social,
and teaching presences, and overall CoI, defined as the average

response to all 34 CoI prompts and weighted so that each
of the 3 presences contributed equally to the overall CoI score.
This analysis required 16 correlations, and thus statistical signifi-
cance was set at a P value of 0.003 (Bonferroni correction).

RESULTS

We received 100 bracket submissions. The 16 scouting
reports received 1,472 total page views (average of 92 views per
report, range 58–170). On Twitter, the hashtag #RheumMadness
was used in 486 tweets from 105 users. The top terms from
Twitter participants were “scouting reports,” “bracket,” “round,”
“can’t wait,” “gout guidelines,” “VEXAS,” “avacopan” (the win-
ning team), and “RheumBoss” (the winning participant). The
RheumMadness Facebook group garnered 81 members; all
posts were from RheumMadness leaders. The podcast received
2,449 downloads (163 per episode, range 119–241). The out-
come of each tournament matchup according to the Blue Ribbon

Table 1. Characteristics and reported engagement in RheumMadness curricular elements of 58 postsurvey
respondents, after exclusions*

All respondents Full participants Partial participants
(n = 58) (n = 19) (n = 39)

Position/training level
Practicing physician 31 (53.4) 11 (57.9) 20 (51.3)
Fellow 19 (32.8) 6 (31.6) 13 (33.3)
Resident 4 (6.9) 2 (10.5) 2 (5.1)
Other 4 (6.9) 0 (0.0) 4 (10.2)

Country of residence
US 50 (86.2) 16 (84.2) 34 (87.2)
Non-US 8 (13.8) 3 (15.8) 5 (12.8)

Unique roles in RheumMadness
Participated in scouting report creation 14 (24.1) 4 (21.1) 10 (25.6)
Blue Ribbon Panel member 7 (12.1) 4 (21.1) 3 (7.7)

Podcast episodes listened to
None 22 (37.9) 0 (0.0) 22 (56.4)
Some 14 (24.1) 0 (0.0) 14 (35.9)
Approximately half 9 (15.5) 6 (31.6) 3 (7.7)
Many 9 (15.5) 9 (47.4) 0 (0.0)
All 4 (6.9) 4 (21.1) 0 (0.0)

Scouting reports reviewed
None 7 (12.1) 0 (0.0) 7 (17.9)
Some 15 (25.9) 0 (0.0) 15 (38.5)
Approximately half 5 (8.6) 3 (15.8) 2 (5.1)
Many 13 (22.4) 6 (31.6) 7 (17.9)
All 18 (31.0) 10 (52.6) 8 (20.5)

Social media: frequency of reading posts
Never 9 (15.5) 0 (0.0) 9 (23.1)
Rarely (just once or twice) 7 (12.1) 0 (0.0) 7 (17.9)
Occasionally (approximately once/week) 11 (19.0) 4 (21.1) 7 (17.9)
A moderate amount (several times/week) 19 (32.8) 10 (52.6) 9 (23.1)
A great deal (approximately every day) 12 (20.7) 5 (26.3) 7 (17.9)

Social media: frequency of writing posts
Never 29 (50.0) 3 (15.8) 26 (66.7)
Rarely (just once or twice) 6 (10.3) 2 (10.5) 4 (10.3)
Occasionally (approximately once/week) 10 (17.2) 5 (26.3) 5 (12.8)
A moderate amount (several times/week) 12 (20.7) 9 (47.4) 3 (7.7)
A great deal (approximately every day) 1 (1.7) 0 (0.0) 1 (2.6)

* Values are the number (%).
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Panel and participant selections is shown in Supplementary
Table 1, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.25108.

We directed the survey to 107 recipients (100 participants
and 7 Blue Ribbon Panel members). There were 64 responses,
61 from email and 3 from social media. We excluded 5 incomplete
responses and 1 response from social media that did not submit
a bracket. After exclusions, our response rate was 58 of
107 (54%). Respondent characteristics are shown in Table 1.

Regarding self-reported engagement, 22 survey respon-
dents (37.9%) listened to approximately half or more of the pod-
casts, 36 (62.1%) reviewed approximately half or more of the
scouting reports, 42 (72.4%) read social media posts approxi-
mately once per week or more, and 23 (39.7%) wrote a social
media post approximately once per week or more. There were

19 respondents (32.8%) whomet our definition of full participants,
and the remaining 39 (67.2%) were partial participants (Table 1).
Engagement was similar between practicing rheumatologists, fel-
lows, and other participants (see Supplementary Table 2, avail-
able on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25108).

Among all participants, 23 (39.7%) reported they were satis-
fied, and 35 (60.3%) were very satisfied with the RheumMadness
tournament; none were neutral or dissatisfied. Respondent satis-
faction with each individual curricular element is shown in Supple-
mentary Table 3, available on the Arthritis Care & Research

website at http://onlinelibrary.wiley.com/doi/10.1002/acr.25108.
Of the 51 respondents who reported a preferred method for
reviewing the scouting reports, 39 (76.5%) preferred the website,
6 (11.8%) preferred the podcast, and 13 (25.5%) preferred both.

Figure 2. Community of inquiry (CoI) survey results among 58 respondents. The bars represent the proportion of responses indicating agree-
ment, neutrality, or disagreement with prompts relating to each CoI subdomain and overall presence.
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Among the 6 early trainee respondents, 5 (83%) indicated that
RheumMadness increased their interest in rheumatology and
1 (17%) did not respond to this question.

In the CoI portion of the survey, 8 of 1,972 responses were
blank and considered neutral. The majority of responses indi-
cated agreement with prompts for the cognitive presence
(70.3%), social presence (61.7%), and teaching presence

(84.9%) (Figure 2). Within each presence, the subdomains with
the highest agreement were triggering for cognitive (89.7%),
affective expression for social (69.5%), and design and organiza-
tion for teaching (90.5%). The only subdomain with >10% dis-
agreement was cognitive exploration (12.6%). Representative
quotes from Twitter and the survey for each subdomain are
shown in Table 2.

Table 2. Representative quotes from Twitter and the survey for each community of inquiry subdomain in RheumMadness*

Indicators Quotes

Cognitive presence
Triggering Interest and excitement, sense of

puzzlement, cognitive dissonance
T: “Well I’m ridiculously excited for this fun. Brackets look a little like Duke v
some division 3 teams…”

S: “In my mind, the key value of the program was to highlight new literature
articles. As a trainee, much of the knowledge and practice patterns begin
with some degree of dogmatic approach, and having a greater sense of
the current literature adds value and excitement.”

Exploration Search for and exchange
information

S: “I felt compelled to read more into the different topics prior to submitting
my bracket to make sure I put together the best prediction possible but
ultimately I learned a lot more than expected.”

Integration Connect ideas together, gain new
understanding

T: “A trial that can reverse a black box warning? Think FAST. Trials that tell us
to do less, not more. Hello SEMIRA! (okay, you too Avacopan). Defense wins
games, just sayin’ #RheumMadness.”

S: “Seeing the themes of research was helpful for understanding the field, not
only by category (e.g., PEXIVAS and ADVOCATE for ANCA, gout articles,
etc.) but also by broader theme, like the anti-steroid sentiments more
broadly.”

Resolution Apply new information T: “If you or a family/friend have gout, as you watch the hoops finals tonight,
rest easy that in the rheumatology brackets, the study proving febuxostat
does NOT increase risk of heart attack made it to the finals. FDA should
remove or change the boxed warning about this.”

Social presence
Affective expression Use of emoticons, humor, self-

disclosure
T: “Bracket busted! The round of #Entheseal Eight” shocked me (dropping to
27th place) & 250 million humans who suffer knee arthritis & whose
physical therapy trial lost in the 2nd round. Still, SO educational.”

Open communication Risk-free communication, recognize
others

T: “I can only #TrashTalk because you are all so sharp. Those scouting reports
are [fire emoji]! And you should always expect the kidney docs to bring a
little salt(iness) to the game…come over and reciprocate the rivalry at
#NephMadness! #RheumMadness.”†

Group cohesion Collaboration, sense of belonging S: “This was such an innovative and exciting way to engage with other
rheumatologists and explore papers from the past year. As a former
academic turn[ed] private practitioner, this is such an engaging and
imaginative way to bring fellows together and have them shine with the
outside rheumatology community.”

Teaching presence
Design and
organization

Establish timelines, define
discussion topics

T: “Only a few hours left to submit #RheumMadness brackets! When will
results be revealed? Round 1: Sat, 3/27 at 2pm ET, Round 2: Mon, 3/29 at
8pm ET, Round 3: Sat, 4/3 at 2pm ET, Round 4: Mon, 4/5 at 8pm ET. Results
by email & social media.”†

Facilitation Focus the discussion, encourage
participation

T: “Still can’t get over how good the #RheumMadness scouting reports are.
Common themes: most teams are convinced they will win their first round
match-up [thinking emoji]… Are we being blinded by the bright and shiny
AAV/SLE trials? I say yes.”†

Direct instruction Present new content, summarize
discussions, provide feedback

T: (responding to a participant comment on IgG4-RD criteria). “Love this!
These criteria were a huge undertaking and an amazing step for our field!
Yes, these were validated for research. But I find them really useful clinically!
Esp. exclusion criteria… so helpful to knowwhat the disease isn’t! Who knew
fever is rare??”†

* We also show the indicators used to identify these quotes, based on methodology for community of inquiry–based content analysis (ref. 16).
AAV = antineutrophil cytoplasmic antibody (ANCA)–associated vasculitis; ET = eastern time; FDA = US Food and Drug Administration;
PEXIVAS = Plasma EXchange and glucocorticoids for the treatment of anti-neutrophil cytoplasmic antibody-associated VASculitis trial;
S = survey comment; SEMIRA = Steroid EliMination in Rheumatoid Arthritis trial; SLE = systemic lupus erythematosus; T = Twitter comment.
† Indicates comment from RheumMadness leadership.

LEVERENZ ET AL2254



Comparing the CoI experience of full versus partial partici-
pants, a significant difference was found in the proportion of
responses indicating agreement, neutrality, and disagreement
for all 3 CoI presences (P < 0.001), with full participants indicating
more agreement and less neutrality/disagreement within each
presence (Table 3). There was also a strong positive correlation
between overall CoI scores and overall engagement with

RheumMadness (r = 0.72, P < 0.001) (Figure 3). The cognitive
presence correlated moderately with scouting report (r = 0.49)
and podcast (r = 0.48) engagement but not with social media.
The social presence correlated strongly with social media
(r = 0.78) and moderately with podcast engagement (r = 0.45)
but not with scouting reports. The teaching presence correlated
moderately with all curricular elements.

Table 3. Comparison of community of inquiry survey results between full versus partial participants*

Full participants Partial participants

Disagree Neutral Agree Disagree Neutral Agree

Cognitive presence
Triggering 0 (0) 0 (0) 57 (100) 1 (0.9) 17 (14.5) 99 (84.6)
Exploration 6 (10.5) 11 (19.3) 40 (70.2) 16 (13.7) 44 (37.6) 57 (48.7)
Integration 3 (5.3) 9 (15.8) 45 (78.8) 4 (3.4) 41 (35.0) 72 (61.5)
Resolution 0 (0) 9 (15.8) 48 (84.2) 15 (12.9) 31 (26.5) 71 (60.7)
Overall cognitive† 9 (3.9) 29 (12.7) 190 (83.3) 36 (7.7) 133 (28.4) 299 (63.9)

Social presence
Affective expression 0 (0) 8 (14.0) 49 (86.0) 15 (12.8) 30 (25.6) 72 (61.5)
Open communication 0 (0) 10 (17.5) 47 (82.5) 8 (6.8) 48 (41.0) 61 (52.1)
Group cohesion 3 (5.3) 13 (22.8) 41 (71.9) 5 (4.3) 60 (51.3) 52 (44.4)
Overall social† 3 (1.8) 31 (18.1) 137 (80.1) 28 (8.0) 138 (39.3) 185 (52.7)

Teaching presence
Design/organization 0 (0) 2 (2.6) 74 (97.4) 3 (1.9) 17 (10.9) 136 (87.2)
Facilitation 0 (0) 4 (3.5) 110 (96.5) 1 (0.4) 56 (23.9) 177 (75.6)
Direct instruction 0 (0) 4 (7.0) 53 (93.0) 2 (1.7) 25 (21.4) 90 (76.9)
Overall teaching† 0 (0) 10 (4.0) 237 (96.0) 6 (1.2) 98 (19.3) 403 (79.5)

* Values are the number (%). The table shows the proportion of responses relating to each community of inquiry
presence and subdomain. Statistical comparison was performed only for the overall presences, not the subdo-
mains. Of 1,972 potential responses, 8 were left blank. These all occurred in the partial participant group. Blank
responses were considered neutral.
† Tested for difference in response frequency between full and partial participants; all showed P < 0.001.

Figure 3. Correlation between reported engagement in RheumMadness and the Community of inquiry presences. Correlation strength key:
strong (≥0.6), moderate (0.40–0.59), weak (0.20–0.39). * = statistically significant after Bonferroni correction for 16 tests, setting P value for signif-
icance at 0.003125.
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DISCUSSION

In the first year of RheumMadness, we fostered collaborative
learning among rheumatology fellows, practicing rheumatologists,
and other interested learners through a host of social constructivist
curricular elements. Our results describe the engagement and
learning experience of RheumMadness participants according to
the CoI framework.

In keeping with social constructivism, fellow participants in
the RheumMadness learning community created the scouting
reports reviewing each team in the tournament. These reports
were a central learning tool for participants, as each report was
viewed an average of 92 times on the website, the majority of sur-
vey respondents reported reviewing at least half of the reports,
and the term “scouting reports” was a top term in tweets about
#RheumMadness. Learners at all levels engaged with these
reports, including practicing rheumatologists, who comprised
approximately half of tournament participants.

The CoI survey results offer a unique perspective into the
educational experience of RheumMadness participants. As with
other online social constructivist learning activities, RheumMad-
ness was best at stimulating knowledge triggering within the cog-
nitive presence. However, we were surprised to find that
knowledge exploration was experienced less than the higher-
order cognitive subdomains of integration and resolution. We
suspect this occurred because each team was based on 1 or
2 predefined articles. In future years, we will center teams onmore
general concepts to determine whether this strategy encourages
participants to engage in more knowledge exploration.

Although themajority of respondents agreedwith prompts relat-
ing to the social presence, it was the least developed of the 3 CoI
presences in RheumMadness. Based on our survey results, fostering
more open communication and group cohesion is critical for further
growth of the social presence within our learning community. The pri-
mary avenue for participants to communicate with each other in
RheumMadness was on social media (specifically Twitter). Although
72.4% of survey respondents reported reading social media posts
at least once per week, only 39.7%actually wrote a social media post
at least once per week, and 50.0% never posted on social media.
This finding suggests that some participants felt hesitant to engage
with each other on this particular platform. Additional analyses are
needed to further explore these findings and encourage more open
communication and group cohesion in future tournaments.

Participants who engaged more fully in RheumMadness
reported higher levels of each CoI presence. Furthermore,
engagement with curricular elements containing primarily didactic
content, the scouting reports and podcast series, correlated most
with the cognitive presence. In contrast, social media engage-
ment correlated strongly with the social presence but not with
the cognitive presence. This finding suggests that social media
discussions helped participants connect as a community, but that
these discussions were not the primary avenue for learning about

the concepts in the tournament. In particular, only 4 of the 7 Blue
Ribbon Panel members were active on social media during the
tournament, and we did not require panel members to explain
their determinations. The lack of communication from the panel
could have stunted the opportunity to develop socially con-
structed knowledge as the tournament progressed. Overall,
these results inform future efforts to expand and optimize each
curricular element in RheumMadness to further stimulate all CoI
presences, leading to an even more meaningful learning experi-
ence for participants.

Our study has several limitations. The survey response rate of
54% raises the possibility of nonresponse bias. In particular, our
study relies heavily on self-reported engagement, and those who
responded to the survey may by nature be more likely to engage
in a learning activity. We did not collect separate demographic or
engagement information from participants during the bracket sub-
mission process; therefore, we cannot directly compare the char-
acteristics of participants who responded versus those who did
not respond to the survey. However, the substantial engagement
seen on direct measures of each curricular element at least implies
that survey respondents did not overestimate their engagement.
For instance, the 16 scouting reports received 1,472 total page
views on the website. Assuming the 58 survey respondents are
representative of the full group of 107 participants, their self-
reported engagement with the scouting reports would correspond
with approximately 1,003 page views (see Supplementary Table 4,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25108). A similar analysis
of self-reported podcast engagement on the survey corresponds
to only 518 podcast downloads, far fewer than the 2,449 total
downloads recorded on direct metrics (see Supplementary
Table 5, at http://onlinelibrary.wiley.com/doi/10.1002/acr.25108).
We hypothesize that this discordance suggests that many learners
engaged with RheumMadness content on the podcast but did not
ultimately submit a bracket and were not included in the survey
population. Thus, our data may provide an incomplete picture of
the full reach of RheumMadness, and future assessments will
attempt to capture the educational experience of these learners.
Finally, we did not ask participants to report how they heard about
RheumMadness, and thus whether direct emails, social media, or
other communication strategies were most effective in recruiting
participants is unknown.

Despite these limitations, our findings open the door to
numerous future directions. First, continued growth is necessary
to ensure that RheumMadness becomes a sustainable curricu-
lum in rheumatology education. Participant engagement in
RheumMadness roughly matched that of the first year of Neph-
Madness in 2013 which resulted in “a few dozen” bracket entries
and 484 tweets about NephMadness from 77 users (5). Neph-
Madness has now grown to receive approximately 1,000 bracket
submissions each year, demonstrating the potential of this curric-
ular model to stimulate dramatic growth. As the RheumMadness
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tournament grows, performing additional analyses to further
explore its educational impact will be possible. We plan to study
the educational experience of fellows involved in creating the
scouting reports to determine the value of integrating this activity
into the curriculum of rheumatology training programs. Qualitative
analyses will provide additional insight into the factors that stimu-
late or prohibit knowledge exploration, open communication,
and group cohesion. In addition, future analyses will compare
the educational experience of RheumMadness participants at dif-
ferent training levels, and explore the impact of RheumMadness
on interest in rheumatology, provider behavior, and patient out-
comes. Ultimately, our goal is to optimize RheumMadness such
that all participants, from practicing rheumatologists to medical
students, are inspired to build knowledge and deepen social con-
nections through this learning community.

In conclusion, the first year of RheumMadness fostered col-
laborative learning and social connection among an international
group of practicing rheumatologists, fellows, and other interested
learners. We achieved this outcome by following the successful
NephMadness model and grounding the multimodal curriculum
of RheumMadness in social constructivist learning theory. In addi-
tion, the CoI framework demonstrated that RheumMadness did
more than simply trigger interest in rheumatology concepts or
help colleagues meet over the internet. Rather, our participants
worked together to integrate and apply knowledge, express their
personalities, and cohere as a group throughout the world. We
believe the social constructivist principles of RheumMadness
and the CoI framework can be applied in other disciplines to fos-
ter knowledge co-construction and deep social connection
across the spectrum of learners in medical education.
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Long-Term Maintenance of Clinical Responses by Individual
Patients With Polyarticular-Course Juvenile Idiopathic
Arthritis Treated With Abatacept

Hermine I. Brunner,1 Nikolay Tzaribachev,2 Ingrid Louw,3 Inmaculada Calvo Penades,4 Francisco Avila-Zapata,5
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and Nicolino Ruperto15 for the Paediatric Rheumatology International Trials Organisation (PRINTO)
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Objective. To investigate the frequency and trajectories of individual patients with polyarticular-course juvenile
idiopathic arthritis (JIA) achieving novel composite end points on abatacept.

Methods. Data from a clinical trial of subcutaneous abatacept (NCT01844518) and a post hoc analysis of intravenous
abatacept (NCT00095173) in patients with polyarticular-course JIAwere included. Three end points were defined and eval-
uated: combined occurrence of low disease activity (LDA) measured by the Juvenile Arthritis Disease Activity Score; 50%
improvement in American College of Rheumatology criteria for JIA (ACR50); and patient-reported outcomes.
Patient-reportedoutcomes includedvisual analog scale scoreofminimalpain (pain-min) andChildhoodHealthAssessment
Questionnaire disability index score of 0 (C-HAQDI0). In this post hoc analysis,maintenance ofmonth 13 and 21 end points
(LDA+pain-min, LDA+C-HAQDI0, and ACR50+pain-min) in those who achieved them at month 4 was determined.

Results. Composite end points (LDA+pain-min, LDA+C-HAQ DI0, and ACR50+pain-min) were achieved at month 4
(44.7%, 19.6%, and 58.9% of the 219 patients treated with subcutaneous abatacept, respectively). Of those who
achieved LDA+pain-min at month 4, 84.7% (83 of 98) and 65.3% (64 of 98) maintained LDA+pain-min at months
13 and 21, respectively. The proportions of patients meeting LDA+pain-min outcomes increased from 44.7% (98 of
219) at month 4 to 54.8% (120 of 219) at month 21. The frequency of patients who met an LDA+C-HAQ DI score of
0 increased from 19.6% (43 of 219) at month 4 to 28.8% (63 of 219) at month 21.

Conclusion. Among individual patients with polyarticular-course JIA treated with abatacept who achieved 1 of the
combined clinical and patient-reported outcomes composite end points, many maintained them over 21 months of
abatacept treatment.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is the term used to describe

a group of noninfectious inflammatory conditions of unknown

etiology with onset prior to age 16 years resulting in chronic arthri-

tis for a minimum duration of 6 weeks (1,2). JIA may be associ-

ated with extraarticular features such as uveitis, fever, and

rashes (1,2). Children and adolescents with JIA often experience
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poor health-related quality of life and carry the risk of permanent
joint damage, especially if joint inflammation remains poorly
treated (1,2). Abatacept selectively modulates T-cell costimulation
and has been found to be effective and well tolerated in patients
with polyarticular-course JIA when administered by the intrave-
nous (IV) or subcutaneous (SC) route (3,4). We have previously
shown that the clinical benefits in patients with polyarticular-
course JIA can be maintained for 7 years with IV abatacept treat-
ment (5) and for over 24 months with SC abatacept (3). A prelim-
inary assessment of patients with polyarticular-course JIA treated
with SC abatacept examined the maintenance of clinical response
over 2 years and treatment response by individual patients and
noted that the majority achieved and maintained efficacy end
points over time (6). Treatment with IV or SC abatacept has also
led to substantial improvements in patient-reported outcomes,
such as chronic pain and functional ability (3,5).

In recent years, treat-to-target strategies have been recom-
mended for the treatment of polyarticular-course JIA (7). In sup-
port of implementing treat-to-target therapeutic strategies,
clinicians could benefit from information pertaining to the persis-
tence of treatment responses in individual patients. The results
of a recent study that evaluated disease activity and patient-
reported outcomes in the same patients with polyarticular-course
JIA using machine learning suggested that both clinical and
patient-reported outcomes show similar trajectories over time.

Themain goals of this post hoc analysis were to investigate the
frequency and trajectories of achieving treatment goals in individual
patients with polyarticular-course JIA, as well as the simultaneous
achievement of low disease activity (LDA) in combinationwith highly
favorable patient-reported outcomes in response to SC abatacept
treatment and subsequent maintenance for up to 21 months.

PATIENTS AND METHODS

Compliance with research ethics standards. Studies
included in this post hoc analysis were conducted in accordance
with the Declaration of Helsinki, the International Conference on

Harmonization Guidelines for Good Clinical Practice, and local
regulations. At each site, an individual institutional review board
or independent ethics committee approved the protocol, consent
forms, and any other written information provided to patients or
their legal representatives. Written consent was obtained from all
participants.

Data sets and study details. Data presented are from
analyses of 2 abatacept studies (3,4). First, data from a post hoc
analysis of a 24-month, single-arm, open-label, multicenter phase
3 trial of weekly weight-tiered SC abatacept in patients with
polyarticular-course JIA who had an inadequate response/
intolerance to ≥1 disease-modifying antirheumatic drug
(NCT01844518) (3). Second, additional data were included from
a previous post hoc analysis of a double-blind, randomized,
placebo-controlled withdrawal trial of IV abatacept in patients with
JIA age 6–17 years (NCT00095173) (4). Patients who failed to
achieve an improvement of 30% in American College of Rheuma-
tology criteria for JIA (ACR30) were discontinued from the study.
All patients remaining after month 4 continued abatacept
treatment.

In both abatacept studies, 6 ACR JIA criteria core set vari-
ables were measured: number of active joints; number of joints
with limitation of motion; physician’s global assessment of dis-
ease activity measured using a visual analog scale (VAS); parent’s
global assessment of patient overall well-being measured using a
VAS; cross-culturally adapted and validated versions of the
Childhood Health Assessment Questionnaire disability index
(C-HAQ DI) (8); and a laboratory marker of inflammation (either
C-reactive protein [CRP] or erythrocyte sedimentation rate). The
C-HAQ DI measures physical function limitations on a scale of
0–3 across 8 domains of disability components, with higher val-
ues indicating greater disability.

Composite end points. In this analysis, we aimed to
assess the ability of individual patients to simultaneously achieve
both a clinical efficacy end point and a patient-reported outcome
end point over time. While clinical end points such as the Juvenile
Arthritis Disease Activity Score in 27 joints (JADAS-27) are valu-
able, it is also important to assess meaningful improvements in
patient-reported outcomes for each child. However, the evalu-
ated values of pain (measured on a 0–100 mm VAS [pain-VAS],
with higher values indicating greater pain) and C-HAQ DI scores
are not included in the JADAS-27 score, and although the ACR
JIA criteria response measures include the C-HAQ DI score, they
do not include a pain-VAS. To assess a patient-reported outcome
variable independent of the efficacy variable, the patient-reported
outcomes evaluated here included pain, as reduction in pain is a
priority for patients with polyarticular-course JIA (9), along with
components of the ACR JIA criteria core set variables (3). There-
fore, combined clinical and patient-reported outcome composite
end points were devised for this study, and the following

SIGNIFICANCE & INNOVATIONS
• The analysis of data from a phase 3 multicenter

study and a post hoc analysis confirms that individ-
ual children age 2–17 years with polyarticular-
course juvenile idiopathic arthritis (JIA) treated with
subcutaneous (SC) or intravenous (IV) abatacept
achieved composite end points comprised of both
a clinically meaningful end point and a meaningful
patient-reported outcome end point.

• Moreover, individual children with polyarticular-
course JIA treated with SC or IV abatacept who
achieved novel composite end points can maintain
or further improve these responses/end points
over 21 months.
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3 composite end points were then evaluated in individual
patients: LDA (defined as a JADAS-27 score using a CRP
level of ≤3.8) (10–12) plus minimal pain (LDA+pain-min);
LDA plus absence of disability (LDA + a C-HAQ DI score of 0
[C-HAQ DI0]); and a 50% improvement from baseline to
month 4 in ACR JIA criteria (ACR50) plus minimal pain
(ACR50+pain-min).

Definitions of favorable clinical and patient-
reported outcomes considered in composite end
points. Favorable patient-reported outcomes were defined as
the absence of disability measured by the C-HAQ DI0 and no
more than minimal chronic pain (a pain-VAS score of <35 mm)
(13). Favorable clinical outcomes considered were LDA and
ACR50 (8).

Statistical analyses. Data were analyzed using SAS, ver-
sion 9.4. Descriptive statistics and Kaplan-Meier analyses were
performed to determine the proportion of patients achieving com-
posite end points (LDA+pain-min, LDA+C-HAQ DI0, and
ACR50+pain-min) at month 4 (selected as a time point to
match the follow-up time for the primary end point of the SC
abatacept study [NCT01844518]) and the maintenance of
these responses at months 13 and 21 (7 and 26 for IV).
Months 13 and 21 were the closest time points to year 1 and
year 2 milestones where data were collected, respectively
(some month 24 efficacy data were inadvertently not collected
by investigators at some sites).

The proportions of patients achieving responses were
assessed in the intent-to-treat (ITT) population, defined as all
treated patients (patients with missing data were imputed as non-
responders). For the continuous patient-reported outcome vari-
ables, an “as observed” (missing values were not imputed)
analysis was conducted.

Heat maps and Sankey diagrams were used to evaluate indi-
vidual patients as either composite end point responders or non-
responders over the course of study. Patients with missing
values (including patients who discontinued due to lack of effi-
cacy) were considered as nonresponders for the ACR50+pain-
min end point. Bar graphs were used to summarize proportions
of patients meeting composite end points at month 4 and con-
tinuing to meet these end points at months 13 and 21. Time-
to-achieve composite end points are shown using Kaplan-Meier
plots. We also evaluated the proportion of patients who achieved
ACR50+pain-min with LDA+pain-min and LDA+C-HAQ DI0 end
points. The results presented in this study are for the overall pop-
ulation of the SC abatacept study (combining the 2 age cohorts).
Results for the individual cohorts from the SC abatacept study
(cohort 1, patients age 6–17 years and cohort 2, patients age
2–5 years) and IV study are reported in Supplementary Figure 1,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25156.

RESULTS

Patients and clinical response. Baseline characteristics
of patients in the SC and IV abatacept trials included in this analy-
sis are shown in Table 1 and Supplementary Table 1, available on
the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.25156. Before or by month 4, 7 of the
219 patients (3.2%) discontinued from the study due to lack of
efficacy with open-label SC abatacept treatment. By month 4,
LDA was achieved by 46.1% (101 of 219) of patients, and an
ACR50 response was achieved by 57.1% (165 of 219).

Composite end points in overall study population.
Figure 1A shows the proportion of patients treated with SC aba-
tacept who achieved composite end points at month 4 and con-
tinued to meet these same end points at months 13 and 21. Of
the 44.7% (98 of 219) who achieved LDA+pain-min at month 4,
84.7% (83 of 98) maintained this status at month 13, and 65.3%
(64 of 98) maintained this at month 21. Of the 58.9% (129 of
219) who achieved ACR50+pain-min at month 4, 84.5% (109 of
129) maintained this at month 13, and 73.6% (95 of 129) main-
tained this at month 21. Supplementary Figure 2, available on
the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.25156, shows comparable analyses of
data from the phase 3 trial of IV abatacept. In data from this trial,
24.7% (47 of 190) of patients achieved LDA+pain-min at month
4; 66.0% (31 of 47) maintained this status at month 7, and
48.9% (23 of 47) maintained it at month 26. Similar to the SC trial,
lower proportions of patients achieved LDA+C-HAQ DI0 at
month 4 (data not shown).

Figure 1B shows time to achievement of all 3 composite end
points in patients treated with SC abatacept. There are marked
differences in the median time to achieving composite end
points ranging from 1.9 (ACR50+pain-min) to 21.5 months
(LDA+C-HAQ DI0).

Composite end points in individual patients. Figure 2
shows 3 heat maps displaying the individual responder status
over time for all patients treated with SC abatacept who met
composite end points at month 4. Overall, the majority of
patients who achieved LDA+pain-min (Figure 2A), LDA+C-
HAQ DI0 (Figure 2B), and ACR50+pain-min (Figure 2C) at
month 4 maintained this status at month 13 (87.8%, 84.0%,
and 81.4%, respectively) and month 21 (72.4%, 72.0%, and
60.5%, respectively).

The Sankey diagrams shown in Supplementary Figure 3,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25156, provide a sum-
mation of the course of individual patients treated with SC abatac-
ept meeting composite end points. The proportion of patients
achieving LDA+pain-min increased from 44.7% (98 of 219) at
month 4 to 54.8% (120 of 219) at month 21. Patients who were
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LDA+pain-min responders maintained their response over time
(see Supplementary Figure 3A). Likewise, the proportion meeting
the LDA+C-HAQ DI0 end point increased from 19.6% (43 of
219) at month 4 to 28.8% (63 of 219) at month 21, while only a

few patients reaching this composite end point at month 4 lost it
later (see Supplementary Figure 3B). Responders for the ACR
+pain-min end point increased from 58.9% (129 of 219) at
month 4 to 63.5% (139 of 219) at month 21 (see Supplementary

Table 1. Baseline demographic and disease characteristics in the subcutaneous abatacept trial*

Characteristic
Cohort 1 (6–17 years) Cohort 2 (2–5 years) Overall population

(n = 173) (n = 46) (n = 219)

Age, median (IQR) years 13.0 (10.0–15.0) 4.0 (3.0–5.0) 11.0 (2.0–17.0)†
Female 136 (78.6) 28 (60.9) 164 (74.9)
Weight, median (IQR) kg 45.0 (31.5–57.0) 18.0 (15.0–21.1) 37.4 (12.0–146.3)†
Weight categories, kg
<25 18 (10.4) 43 (93.5) 61 (27.9)
25 to <50 74 (42.8) 3 (6.5) 77 (35.2)
≥50 81 (46.8) 0 81 (37.0)

Race‡
White 144 (83.2) 44 (95.7) 188 (85.8)
Black/African American 14 (8.1) 1 (2.2) 15 (6.8)
Other 15 (8.7) 1 (2.2) 16 (7.3)

Disease duration, median (IQR) years 2.0 (0.0–4.0) 0.5 (0.0–1.0) 1.0 (0–15)†
<2 102 (59.0) 42 (91.3) 144 (65.8)
2 to <5 37 (21.4) 4 (8.7) 41 (18.7)
5 to ≤10 30 (17.3) 0 30 (13.7)
>10 4 (2.3) 0 4 (1.8)

JIA categories
Polyarthritis RF negative 94 (54.3) 29 (63.0) 123 (56.2)
Polyarthritis RF positive 46 (26.6) 3 (6.5) 49 (22.4)
Extended oligoarthritis 19 (11.0) 10 (21.7) 29 (13.2)
Systemic arthritis 5 (2.9) 0 5 (2.3)
Psoriatic arthritis 0 4 (8.7) 4 (1.8)
Enthesitis-related arthritis 4 (2.3) 0 4 (1.8)
Undifferentiated or persistent oligoarthritis§ 5 (2.9) 0 5 (2.3)

JIA-ACR core set variables
No. of active joints, median (IQR) 10.0 (6.0–19.0) 7.0 (6.0–12.0) 9.0 (6–17)
No. of joints with LOM, median (IQR) 8.0 (4.0–15.0) 8.0 (4.0–11.0) 8 (4–14)
PhGA median (IQR) mm 48.0 (31.0–67.0) 50.0 (3.50–6.00) 48 (32.0–65.0)
P-well VAS score, median (IQR) mm 47.8 (24.1–68.0)¶ 42.1 (17.9–54.7) 47.2 (21.8–65.6)
C-HAQ DI, median (IQR) 0.9 (0.4–1.5)¶ 1.2 (0.8–1.6) 1.0 (0.5–1.6)
CRP, median (IQR) mg/dl# 0.2 (0.1–0.9) 0.1 (0.1–1.4) 0.2 (0.1–1.0)

JADAS-27 CRP, median 19.1¶ 16.1 18.1
JADAS-71 CRP, median (IQR) 21.0 (13.5–30.3)** 18.1 (14.0–23.1) 19.9 (13.8–28.1)
Pain VAS score, median, mm 49 39.5 –

Methotrexate use at baseline 136 (78.6) 37 (80.4) 173 (79.0)
Methotrexate dose at baseline, median (IQR) mg/m2/week 11.6 (9.7–14.4) 13.3 (10.9–15.3) –

Route of methotrexate administration
Oral 76 (55.9) 18 (48.6) –

Parenteral†† 60 (44.1) 19 (51.4) –

Oral corticosteroid use at baseline‡‡ 56 (32.4) 9 (19.6) 66 (30.1)
Oral prednisone (or equivalent) dose at baseline, median
(IQR) mg/kg/day

0.1 (0.1–0.2)§§ 0.2 (0.2–0.4)¶¶ –

Prior biologic use## 46 (26.6) 10 (21.7) 56 (25.6)

* Values are the number (%) unless indicated otherwise. ACR = American College of Rheumatology; C-HAQ DI = Childhood Health Assessment
Questionnaire disability index; CRP = C-reactive protein; JADAS-27 = Juvenile Arthritis Disease Activity Score in 27 joints; JADAS-71 = Juvenile
Arthritis Disease Activity Score in 71 joints; JIA = juvenile idiopathic arthritis; LOM = limitation of motion; PhGA = physician global assessment
of disease activity; P-well = parent’s global assessment of well-being; RF = rheumatoid factor; VAS = visual analog scale.
† Values are the median (minimum, maximum).
‡ Race and ethnicity were self-reported from a fixed set of categories.
§ Protocol violation.
¶ N = 172.
# Normal range for CRP: ≤0.6 mg/dl.
** N = 171.
†† Includes subcutaneous and intramuscular.
‡‡ Prednisone or prednisolone.
§§ N = 52.
¶¶ N = 8.
## Adalimumab, etanercept, and tocilizumab.
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Figure 3C). However, achievement of this end point was less well
maintained compared with the other composite end points
(LDA+pain-min and LDA+C-HAQ DI0).

DISCUSSION

In this post hoc analysis of data from 2 phase 3 multicenter
studies of abatacept in patients with polyarticular-course JIA, we
explored the achievement of select combined clinical and

patient-reported outcome composite end points on treatment
initiation. The majority of individual patients who achieved the
composite end points at month 4 maintained these responses
through month 21. These findings attest to the efficacy of abatac-
ept in patients with polyarticular-course JIA with benefits on sev-
eral aspects of health-related quality of life, namely patient well-
being, pain, and functional ability. Notably, disease flares are a
major source of patient concern. Additionally, disease worsening
may adversely impact a patient’s family (14). The findings from

Figure 1. Proportions of patients meeting composite end points at month 4 and maintaining response at months 13 and 21 (A) and
Kaplan-Meier plots for the time to achievement of composite end points in patients treated with subcutaneous abatacept (B). For panel A,
the percentage at months 13 and 21 is based on the number of patients who achieved response at month 4 (denominator). For panel B,
the month was calculated using the actual days since abatacept treatment/30 and rounded to 1 decimal. Patients without the combined
event are censored at the last assessment for the combined event. The number at month 0 is the number of treated patients with the com-
bined event at day 1. Patients who have the event at baseline are excluded from the analysis. 95% CI = 95% confidence interval;
ACR50+pain-min = 50% improvement in Juvenile Idiopathic Arthritis–American College of Rheumatology criteria plus minimal pain;
LDA = low disease activity; LDA+pain-min = LDA plus minimal pain; LDA+CHAQ-DI0 = LDA plus Childhood Health Assessment
Questionnaire disability index score of 0; NE = not evaluable.

POLYARTICULAR-COURSE JIA TREATED WITH ABATACEPT 2263



Figure 2. Heat maps of individual patients treated with subcutaneous abatacept who met composite end points at month 4 and their
responder status over time: LDA+pain-min (A), LDA+CHAQ-DI0 (B), and ACR50+pain-min (C). Responders are patients who met composite
end points. Patients with missing data are imputed as nonresponders. Each bar represents the outcomes achieved over time by a single individual
patient. * = each horizontal row represents an individual patient. ACR50+pain-min = 50% improvement in Juvenile Idiopathic Arthritis–American
College of Rheumatology criteria plus minimal pain; LDA = low disease activity; LDA+pain-min = LDA plus minimal pain; LDA+CHAQ-DI0 = LDA
plus Childhood Health Assessment Questionnaire-disability index score of 0.
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the study of SC abatacept are supported by data from the IV
abatacept trial, which also showed that the stringent composite
end points were achieved by individual patients by month 4, most
notably for ACR50+pain-min. Once achieved, composite end
points were generally maintained through month 21. In patients
receiving SC abatacept, changes over time showed that individ-
ual patients who achieved composite end points early maintained
them through month 21.

SC abatacept is known to be beneficial in treating children
with polyarticular-course JIA with respect to clinical and patient-
reported outcomes. Abatacept administered intravenously has
been shown to maintain clinical efficacy (ACR30) and patient-
reported outcome (mean C-HAQ DI) responses over a 5-year
follow-up period (5). However, individual patients can achieve
and lose response during a clinical trial, which may not be
reflected in group-level data. Therefore, it is important to ascertain
if individual children can not only achieve optimal traditional clinical
outcomes and patient-reported outcome end points but also sus-
tain them over time. The present research builds on previous pop-
ulation/aggregate analyses in which children with polyarticular-
course JIA were successfully treated with SC abatacept (3,5) to
show that individual children can achieve and maintain rigorous
efficacy end points over time. Similarly, the results from individual
patients treated with IV abatacept support the sustainability of
composite end points (4).

While the present study reports the possible trajectory of an
individual patient who achieves early composite end points,
efforts to identify patients who are most likely to achieve an initial
treatment response are ongoing. The identification of distinct
patient groups as defined by disease manifestation or trajectories
of progression, and of prognostic factors for response to abatac-
ept, may help treatment plans for individuals with JIA.

One of the potential limitations of this study may be that we
newly defined composite end points. However, the stringent end
points we chose are well founded based on current knowledge
(3,9–13,15). Additionally, we avoided any thresholds of combined
clinical and patient-reported outcome assessments that would be
unlikely or impossible to be shared by the same individual
(e.g., ACR30 and pain-VAS of 0 mm). The pairing of other clinical
and patient-reported outcome end points may either show similar
or different results. Furthermore, although this study does not use
the latest proposed JADAS-27 cutoffs, the use of previously well-
established cutoffs, which were endorsed by professional organi-
zations and used during the interim period of the medical commu-
nity’s transition to the more recent cutoffs, is scientifically valid.

These novel composite end points may be used in future
treat-to-target studies, with appropriate input from clinicians and
additional validation within a more generalizable JIA population.
The data from this post hoc analysis must be interpreted in the
context of the initial study populations being a single-arm, open-
label SC abatacept trial and a withdrawal trial of patients who
achieved an initial response to IV abatacept.

This study demonstrated that individual children with
polyarticular-course JIA treated with SC or IV abatacept who
achieved stringent composite end points maintain these end
points over 21 months. This information may support the devel-
opment of further treat-to-target strategies and aid discussions
among families and care providers for children and adolescents
with polyarticular-course JIA.
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Improving Outcomes of Pediatric Lupus Care Delivery
With Provider Goal-Setting Activities and Multidisciplinary
Care Models

Joyce C. Chang,1 Shreya A. Varghese,2 Edward M. Behrens,3 Sabrina Gmuca,3 Jane S. Kennedy,3

Emily J. Liebling,3 Melissa A. Lerman,3 Jay J. Mehta,3 Beth H. Rutstein,3 David D. Sherry,3 Cory J. Stingl,3

Lehn K. Weaver,3 Pamela F. Weiss,3 and Jon M. Burnham3

Objective. The present study was undertaken to evaluate high-quality care delivery in the context of provider goal-
setting activities and a multidisciplinary care model using an electronic health record (EHR)–enabled pediatric lupus
registry. We then determined associations between care quality and prednisone use among youth with systemic lupus
erythematosus (SLE).

Methods. We implemented standardized EHR documentation tools to autopopulate a SLE registry. We compared
pediatric Lupus Care Index (pLCI) performance (range 0.0–1.0; 1.0 representing perfect metric adherence) and timely
follow-up 1) before versus during provider goal-setting activities and population management, and 2) in a multidisci-
plinary lupus nephritis versus rheumatology clinic. We estimated associations between pLCI and subsequent predni-
sone use adjusted for time, current medication, disease activity, clinical features, and social determinants of health.

Results. We analyzed 830 visits by 110 patients (median 7 visits per patient [interquartile range 4–10]) over
3.5 years. The provider-directed activity was associated with improved pLCI performance (adjusted β 0.05 [95% con-
fidence interval (95% CI) 0.01, 0.09]; mean 0.74 versus 0.69). Patients with nephritis in multidisciplinary clinic had
higher pLCI scores (adjusted β 0.06 [95% CI 0.02, 0.10]) and likelihood of timely follow-up than those in rheumatology
(adjusted relative risk [RR] 1.27 [95% CI 1.02, 1.57]). A pLCI score of ≥0.50 was associated with 0.72-fold lower
adjusted risk of subsequent prednisone use (95% CI 0.53, 0.93). Minoritized race, public insurance, and living in areas
with greater social vulnerability were not associated with reduced care quality or follow-up, but public insurance was
associated with higher risk of prednisone use.

Conclusion. Greater attention to quality metrics is associated with better outcomes in childhood SLE. Multidisci-
plinary care models with population management may additionally facilitate equitable care delivery.

INTRODUCTION

There is a need to identify strategies to improve outcomes of

children with pediatric-onset systemic lupus erythematosus

(pSLE) and related conditions and to ensure equitable care deliv-

ery. In adults with SLE, delivery of recommended care processes

has been associated with better outcomes, including lower dam-

age accrual (1). However, for youth with pSLE, considerable vari-

ation in care process completion exists (2,3), and literature on

methods to standardize and evaluate adherence to care pro-

cesses in the pediatric setting remains sparse (4). Our center

has previously developed a composite index of 13 recommended

pSLE care metrics, the pediatric Lupus Care Index (pLCI), to

assess care quality in pSLE across 3 domains: clinical assess-

ment, comorbidity management, and population management

(5). Using the pLCI, we identified provider-level variation in perfor-

mance as well as areas in need of practice-level improvement,

which informed the design of a Maintenance of Certification
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(MOC) activity to improve pLCI performance using goal-setting

activities and self-evaluations. At the same time, we established

a multidisciplinary care model for youth with lupus nephritis with

a separate population management strategy.
One of the major challenges of evaluating programmatic

interventions is that data collection methods commonly employed
for research and quality improvement efforts are labor intensive
and often unsustainable (6). In an effort to address this challenge,
we developed lupus-specific, electronic health record (EHR)–
enabled tools to standardize clinical documentation with embed-
ded discrete data that could be used to autopopulate an observa-
tional pSLE research registry. The tools were designed to
overcome limitations of billing code and prescription databases
by capturing clinical disease manifestations, disease activity mea-
sures, and provider-documented medication instructions within
the context of routine clinical workflow.

The objectives of this study were to leverage an EHR-
enabled pSLE research registry 1) to evaluate the effectiveness
of 2 different programmatic changes (an MOC activity and a mul-
tidisciplinary lupus nephritis care model) to improve high-quality
care delivery; and 2) to determine whether pLCI performance is
associated with relevant clinical outcomes. We hypothesized that
provider self-evaluation and goal setting can improve pLCI perfor-
mance while population management strategies help ensure
timely follow-up. We also hypothesized that higher pLCI scores
are associated with reduced likelihood of any prednisone use, a
frequent cause of treatment-related morbidity, among children
with pSLE.

MATERIALS AND METHODS

Study design. This was a retrospective analysis of a pro-
spective observational database of youth with SLE and mixed
connective tissue disease (MCTD) followed at our tertiary care
pediatric center. An exemption for secondary use of clinical data

and waiver of informed consent was granted by the institutional
review board (IRB 19-016207).

Data source. We extracted data from our EHR-based
pSLE research registry from December 2018 to July 2022. In
December 2018, we implemented EHR tools at our center to
standardize documentation of patient-level pSLE manifestations
and treatment history (lupus history form), as well as visit-level
data for each clinical encounter (lupus visit form), including medi-
cation instructions, disease activity, disease damage, and target
assessments. Discrete data elements were embedded into the
standardized documentation tools, which autopopulated a quality
improvement dashboard and the pSLE research registry. The
research registry additionally interfaced with an EHR-based ste-
roid registry and billing data on hospital and rheumatology visit
encounters in real-time (see Supplementary Figure 1, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.25134). The EHR-based steroid reg-
istry uses an internally validated algorithm to determine when
patients first met criteria for chronic glucocorticoid prescriptions
(≥15 days) and when at least 18 months had elapsed since the
last active prescription (7).

Setting. Coinciding with the development of EHR-based
tools for pSLE, our center established a Lupus Program in 2018
with input from providers, patients and families, and representa-
tives from patient advocacy groups. As of September 2018, pro-
grammatic components included a multidisciplinary lupus
nephritis clinic with 2 rheumatologists, 2 nephrologists, a dedicated
social worker, and a psychologist. Each month, the multidisciplin-
ary team met to discuss population management, including out-
reach to patients in need of follow-up visits. To ensure delivery of
high-quality care for all patients with pSLE and MCTD seen in the
rheumatology clinic, we began an MOC activity in July 2020 to
improve performance on metrics in the previously published pLCI
(Figure 1), which is a composite measure of 13 quality indicators
across 3 domains (standardized clinical assessment, comorbidity
assessment and prevention, and population management) (5).
Components of the MOC activity included a population manage-
ment strategy, self-directed evaluation for individual providers,
and goal-setting activities. Clinicians reviewed their pLCI perfor-
mance, identified opportunities for improvement, and set perfor-
mance goals for the next 3 months (see Supplementary Figure 2,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25134). To obtain MOC
credit, 3 goal-setting activities were required. Four of 11 providers
completed 2 activities, 4 of 11 completed 3 activities, and 3 of
11 completed 4 activities over 12 months.

The baseline visit for each patient was defined as the first visit
occurring any time after EHR tool implementation in December
2018. Index visits for both pre-MOC (December 2018 to July
2020) and MOC activity periods (July 2020 to July 2022) were

SIGNIFICANCE & INNOVATIONS
• Provider-level, self-directed goal setting activities

can improve performance on care quality metrics
for children with lupus.

• Multidisciplinary care models with social work sup-
port and population management strategies are
associated with better care quality and timely
follow-up care.

• Greater adherence to a composite index of care
quality metrics for pediatric lupus is associated with
reduced likelihood of any prednisone use at each
subsequent visit.

• Standardized documentation of lupus characteris-
tics and clinical assessments can facilitate both
measurement of high-quality care delivery as well
as research.
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defined as the first visit for each patient occurring in the corre-
sponding activity period. Patients with <2 outpatient rheumatol-
ogy visits during the observation period were excluded from
analysis (see Supplementary Appendix A, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/10.
1002/acr.25134).

Measures. The primary outcome for high-quality care deliv-
ery was total pLCI score (5), modified to exclude influenza vacci-
nation (due to incomplete source documentation of influenza
vaccinations outside the health system), and documentation of
adrenal insufficiency in the problem list from the numerator and
denominator (due to non-rheumatology providers managing the
problem list and challenges resolving timestamps). Thus, the
denominator for the modified pLCI was 11 for patients with a
diagnosis of SLE and 9 for those with MCTD, where completion
of 11 of 11 or 9 of 9 metrics (100% adherence) constituted a pLCI
of 1.0, respectively. As a secondary outcome, we defined timely
follow-up care as <120 days between clinic visits to evaluate the
population management components of the interventions. The
primary exposure was the MOC activity (before versus during
the MOC activity period). For the subgroup of patients with lupus
nephritis, we also evaluated associations between exposure to
the multidisciplinary clinic model and care delivery outcomes. To
evaluate longitudinal relationships between pLCI and improved
clinical outcomes, namely a lower likelihood of any glucocorticoid
requirement, we assessed prednisone use at each subsequent
visit as a binary outcome (started/continued versus not pre-
scribed/discontinued). Prednisone use was determined by dis-
crete, provider-entered prednisone instructions embedded in the
lupus visit form when available or otherwise determined using

the prescription-based EHR steroid registry (see Supplementary
Appendix A, available at http://onlinelibrary.wiley.com/doi/10.
1002/acr.25134).

Covariates. Patient-level factors included age at the base-
line visit, sex, race and ethnicity (as reported in the medical
record), Social Vulnerability Index (SVI) derived from census tract
codes, and insurance type. Due to the known spatial polarization
of Black neighborhoods as well as Hispanic neighborhoods
(irrespective of race) in Philadelphia where our center was located
(8), we analyzed mutually exclusive race and ethnicity categories
as follows: Asian alone or in combination; Black or African
American alone or in combination; Hispanic ethnicity with any
other race; Non-Hispanic other/unknown race; and Non-Hispanic
White race. We also considered major organ manifestations,
including history of nephritis, central nervous system involvement,
and serositis. Visit-level time-varying factors considered included
recent disease diagnosis (duration <6 months), prednisone use,
use of disease-modifying antirheumatic drugs (DMARDs), and
Systemic Lupus Erythematosus Disease Activity Index 2000
(SLEDAI-2K) scores categorized into active disease (SLEDAI-2K
score >4), low/inactive disease (SLEDAI-2K score ≤4), or not
assessed (9). Rules applied for calculating SLEDAI scores in the
setting of missing SLEDAI components are described in Supple-
mentary Appendix A, available at http://onlinelibrary.wiley.com/
doi/10.1002/acr.25134.

Statistical analysis. Characteristics of patients at their
index visit before versus during the MOC activity were compared
using standard descriptive statistics, including chi-square or
Fisher’s exact tests for categorical variables and Student’s t-tests

Figure 1. Timeline of interventions, beginning from the initial establishment of a multidisciplinary lupus nephritis clinic and implementation of elec-
tronic health record (EHR) documentation templates to standardize lupus clinical assessments at each rheumatology visit and patient-level sum-
maries of disease and treatment histories. A set of quality indicators for pediatric lupus care delivery was developed in 2019 focusing on
3 domains: clinical assessment; comorbidity prevention; and population management. A Maintenance of Certification (MOC) activity was subse-
quently initiated at our center in July 2020 to improve performance on these quality indicators.
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or Wilcoxon’s rank sum tests for continuous variables, as
appropriate.

We used linear mixed-effects models to estimate differences
in continuous outcomes and modified (robust) Poisson models to
estimate relative risks for binary outcomes, adjusted for time since
the baseline visit, patient-level factors (age, sex, race and ethnic-
ity, SVI, insurance, major organ manifestations), visit-level factors
(disease duration <6 months from diagnosis, current prednisone
use), as well as within-subject random effects. We also ran sepa-
rate models restricted to SLE patients, additionally adjusted for
disease activity and/or DMARD use. Separate subgroup analyses
were conducted in patients with lupus nephritis to estimate differ-
ences in outcomes by clinic setting (multidisciplinary versus rheu-
matology only).

We considered pLCI quartiles as potential cut points for pre-
dicting subsequent prednisone use, and model performance was
compared using Akaike and Bayesian information criteria to select
a minimum threshold at which care quality may associate with dif-
ferential outcomes. We conducted a sensitivity analysis limited to
visits for which provider-entered medication instructions were
available compared with results including prescription-based reg-
istry data. To address potential nonrandom missingness, we sim-
ulated the potential range of point estimates if prednisone use or
nonuse was assumed for all visits missing prednisone use data.
All analyses were conducted using Stata, version 16.0.

RESULTS

Of 133 cases of pSLE or MCTD in the EHR-based pSLE reg-
istry, 128 had both patient-level and visit-level form data available.
A total of 110 patients had at least 2 outpatient rheumatology
visits during the observation period, 74 of which had follow-up
extending through both pre-MOC and MOC periods. There was
a median of 7 visits per subject (interquartile range [IQR] 4–10),
comprising a total of 830 outpatient rheumatology visits and
720 follow-up intervals. The standardized EHR documentation
tool was used in 79% of visits before the MOC activity and 87%
of visits during the MOC activity. Data contributing to both SLEDAI
scores and medication usage was captured for 76% of pre-MOC
visits and 80% of visits during MOC.

Evaluating performance in high-quality care
delivery during an MOC activity. Demographic and clinical
characteristics at the index visits in both pre-MOC and MOC
activity periods were stable over both periods as shown in
Table 1. Approximately one-half of patients were publicly insured,
over one-fourth lived in neighborhoods with the highest social vul-
nerability, 39% were Black, 20% were Asian, and 11–13%
reported Hispanic ethnicity. One-third had been diagnosed with
lupus nephritis. Hydroxychloroquine use was nearly universal,
and a majority (72–73%) of patients had been treated with
mycophenolate.

pLCI performance over time. Median unadjusted pLCI
scores were 0.7 (IQR 0.5–0.8) during the pre-MOC period when
EHR documentation tools were available for use and 0.8 (IQR
0.6–0.9) during the MOC activity period (see Supplementary
Figure 3, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.25134). On aver-
age, pLCI scores increased over time by 0.04 per year of follow-
up (95% confidence interval [95% CI] 0.01, 0.07), adjusted for
sociodemographic characteristics, nephritis, neurologic involve-
ment, disease duration, and prednisone use. The MOC activity
period was additionally associated with a modest but statistically
significant 0.05 unit average increase in pLCI scores (95% CI
0.01, 0.09) (marginal mean 0.74 versus 0.69). Insurance status,
race and ethnicity, and SVI were not significantly associated with
pLCI scores on either unadjusted or adjusted analyses (Table 2).
A history of nephritis and current prednisone use were associated
with higher average pLCI scores, while visits occurring within
6 months of initial diagnosis were associated with lower scores.
During the MOC activity period, improvements in pLCI were
driven by completion of clinical assessments (Systemic Lupus
International Collaborating Clinics/American College of Rheuma-
tology Damage Index, physician global, target attestation, lupus
characteristics review, as well as comorbidity assessment [blood
pressure, lipid, and vitamin D]) (Figure 2).

Timely outpatient rheumatology follow-up. There
was no significant increase in timely follow-up during the MOC
activity versus pre-MOC period in adjusted models (67% versus
61%; adjusted relative risk [RR] 1.10 [95% CI 0.94, 1.29])
(Table 3). Upon restricting the analysis to patients with SLE, addi-
tional adjustment for SLEDAI scores and DMARD use yielded
similar results (65% versus 60%; RR 1.07 [95% CI 0.90, 1.28])
(see Supplementary Table 1, available on the Arthritis Care &

Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.25134). Hispanic ethnicity, younger age, disease duration
<6 months, and current prednisone use were associated with a
higher likelihood of timely follow-up (Table 3). Of note, higher
SVI, Black race, and insurance status were not associated with
a lower likelihood of timely follow-up during the observation
period.

Lupus nephritis care quality in the context of a
multidisciplinary care model. In the subgroup of 35 patients
with lupus nephritis (comprising a total of 252 visits), we similarly
observed a 0.07-unit adjusted increase in pLCI associated with
the MOC activity period (95% CI 0.02, 0.12; P = 0.01). A total of
19 patients with lupus nephritis (of which 47% had proliferative
disease, 37% pure membranous) were evaluated in the multidis-
ciplinary clinic at least once during the observation period; the
remaining 16 patients (69% proliferative, 19%membranous) were
followed exclusively in general rheumatology clinic. Those
evaluated in multidisciplinary clinic were on average younger
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(mean ± SD age 14.7 ± 3.5 years versus 17.1 ± 2.7 years;
P = 0.03), with higher disease activity at the baseline visit (median
SLEDAI-2K score 6 [IQR 2–11] versus 0 [IQR 0–2], P < 0.01), and

the majority were publicly insured (63% versus 25%; P = 0.06).
The median pLCI at each multidisciplinary clinic visit was 0.91
(IQR 0.82–1.00) (n = 118) compared to 0.81 (IQR 0.60–0.90)

Table 1. Patient characteristics at index visits before and during goal-setting activity*

Pre-MOC MOC
P(n = 88) (n = 96)†

Disease type
SLE 76 (86) 84 (88) 0.82
MCTD/overlap syndrome 12 (14) 12 (12)

Age at SLE diagnosis, mean ± SD years 13.4 ± 3.5 13.4 ± 3.4 0.94
Age at index visit, mean ± SD years 16.2 ± 3.1 16.6 ± 3.4 0.37
Female sex 70 (80) 79 (82) 0.64
Disease duration, median (IQR) years 1.8 (0.3–4.7) 2.6 (0.3–4.8) 0.34
Race
Asian alone or in combination‡ 17 (20) 19 (20) 0.84
Black alone or in combination‡ 34 (39) 37 (39)
Other 10 (11) 15 (16)
White 26 (30) 24 (25)
Unknown 0 (0) 1 (1)

Hispanic ethnicity 10 (11) 12 (13) 0.83
Insurance
Public (Medicaid) 45 (52) 50 (52) 0.86
Private 40 (46) 45 (47)
Self-pay/other/uninsured 2 (2) 1 (1)

Social Vulnerability Index
Lowest 22 (25) 29 (30) 0.87
Medium low 19 (22) 19 (20)
Medium high 23 (26) 23 (24)
Highest 23 (26) 25 (26)
Unknown 1 (1) 0 (0)

Multidisciplinary clinic setting at index visit 6 (7) 12 (13) 0.19
Historical lupus manifestations
Arthritis 43 (49) 48 (51) 0.77
Serositis 7 (8) 8 (9) 0.93
Nephritis 29 (33) 30 (32) 0.84
Neuropsychiatric 5 (6) 5 (5) 0.93
dsDNA antibody positive 65 (74) 70 (76) 0.73
Hypocomplementemia 59 (68) 67 (73) 0.46

Lupus treatments (ever use)
Hydroxychloroquine 86 (98) 95 (99) 0.51
Mycophenolate 63 (72) 70 (73) 0.84
Methotrexate 31 (35) 32 (33) 0.79
Rituximab 30 (34) 29 (30) 0.57
Cyclophosphamide 14 (16) 13 (14) 0.65
Azathioprine 8 (9) 9 (9) 0.95
Belimumab 5 (6) 6 (6) 0.87
Calcineurin inhibitor 4 (5) 5 (5) 1.00

Disease status and treatment at index visit (current use)
SLEDAI-2K score, median (IQR) 0 (0–4) 0 (0–4) 0.82
Any DMARD use§ 55 (93) 51 (88) 0.33
Prednisone use 26 (31) 25 (29) 0.75
Prednisone dose in users, median (IQR) mg/day 10 (10–30) 10 (5–30) 0.59

* Values are the number (%) unless indicated otherwise. Comparison of individual patient characteristics at each
index visit, defined as the first visit occurring in each period before (December 2018 to June 2020) or during the
MOC activity (July 2020 to July 2022), using Student’s t-test or rank sum test for continuous variables and chi-square
or Fisher’s exact tests (n < 5) for categorical variables. DMARD = disease-modifying antirheumatic drug; dsDNA =
double-stranded DNA; IQR = interquartile range; MCTD = mixed connective tissue disease; MOC = Maintenance of
Certification; SLE = systemic lupus erythematosus; SLEDAI-2K = Systemic Lupus Erythematosus Disease Activity
Index 2000.
† Samples not mutually exclusive; n = 74 individuals had follow-up extending through both periods.
‡ Includes 3 individuals reporting multiple races (Asian category: Asian and White; Black category: Black and
American Indian, Black and Asian). Asian category is inclusive of Asian (n = 20) and Indian (n = 2) as recorded in
the medical record.
§ DMARDs include mycophenolate, azathioprine, methotrexate, calcineurin inhibitors, sirolimus, and belimumab.
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(n = 134) for rheumatology clinic visits (P < 0.01, unadjusted). On
average, multidisciplinary visits were associated with a 0.06
higher pLCI compared to rheumatology clinic visits (95% CI
0.02, 0.10; P = 0.01; marginal mean 0.87 versus 0.82), adjusted
for time, sociodemographic factors, disease duration, disease
activity, and prednisone use. Furthermore, patients who received
care in the multidisciplinary clinic at any time during follow-up had
a 0.10 higher average pLCI compared to those receiving care
exclusively in the rheumatology clinic (95% CI 0.03, 0.16;
P < 0.01; marginal mean 0.88 versus 0.78). This was driven by
greater completion of disease characteristics review, pneumo-
coccal vaccination, assessment of disease activity and disease
damage, as well as follow-up within 180 days (data not shown).

As with the full cohort, there was no statistically significant
increase in timely outpatient follow-up within 120 days for the
lupus nephritis subgroup during the MOC activity versus pre-
MOC periods (77% versus 65%; adjusted RR 1.17 [95% CI
0.86, 1.61]). However, being seen in the multidisciplinary clinic
was associated with significantly higher likelihood of timely
follow-up compared to being seen in rheumatology clinic
(adjusted RR 1.27 [95% CI 1.02, 1.57], P = 0.03). Black race
and Hispanic ethnicity were also independently associated with
greater likelihood of timely follow-up compared to non-Hispanic
White race (adjusted RR 1.50 [95% CI 1.11, 2.02], P = 0.01, and
1.37 [95% CI 1.02, 1.84], P = 0.03, respectively). Moreover,
patients with lupus nephritis living in census tracts with medium-

high social vulnerability were also 1.45 times more likely to have
timely follow-up compared to those from census tracts with the
lowest SVI (95% CI 1.01, 2.08; P = 0.05) (see Supplementary

Table 2. Factors associated with the pediatric Lupus Care Index over time*

Unadjusted† Adjusted

β (95% CI) P β (95% CI) P

Month of follow-up 0.007 (0.006, 0.008) <0.01 0.003 (0.001, 0.006) <0.01
MOC activity period 0.04 (–0.01, 0.08) 0.12 0.05 (0.01, 0.09) 0.04
Age at baseline visit 0.002 (–0.01, 0.01) 0.72 –0.01 (–0.02, 0.01) 0.24
Male sex 0.06 (–0.03, 0.15) 0.19 0.02 (–0.06, 0.10) 0.60
Race and ethnicity
Asian alone or in combination 0.03 (–0.07, 0.14) 0.56 0.04 (–0.05, 0.13) 0.36
Black alone or in combination 0.06 (–0.03, 0.15) 0.18 0.04 (–0.05, 0.12) 0.38
Hispanic, other/White race 0.07 (–0.05, 0.19) 0.23 0.07 (–0.04, 0.17) 0.20
Other/unknown race, Non-Hispanic 0.02 (–0.12, 0.16) 0.77 0.02 (–0.10, 0.14) 0.80
White, Non-Hispanic Ref.

Social Vulnerability Index
Lowest Ref.
Medium low 0.01 (–0.09, 0.11) 0.88 0.02 (–0.06, 0.11) 0.56
Medium high 0.02 (–0.08, 0.11) 0.73 0.02 (–0.07, 0.11) 0.68
Highest 0.04 (–0.05, 0.13) 0.36 0.06 (–0.04, 0.15) 0.23

Insurance
Private Ref.
Medicaid 0.03 (–0.04, 0.1) 0.36 –0.02 (–0.09, 0.04) 0.48
Self-pay/uninsured 0.10 (–0.12, 0.32) 0.38 0.02 (–0.17, 0.20) 0.87
History of nephritis 0.16 (0.09, 0.22) <0.01 0.08 (0.02, 0.14) 0.01
History of neurologic involvement 0.12 (–0.03, 0.27) 0.11 0.07 (–0.05, 0.19) 0.24
Recent diagnosis (<6 months)‡ –0.09 (–0.14, –0.05) <0.01 –0.12 (–0.17, –0.08) <0.01
Current prednisone use‡ 0.14 (0.1, 0.18) <0.01 0.13 (0.09, 0.18) <0.01

* Mixed effects linear regression with patient-level random intercept (n = 683 visits for 107 unique patients). Three
patients and 37 visits were dropped due to missing data for ≥1 demographic characteristics (1 patient) or predni-
sone use (34 visits). 95% CI = 95% confidence interval; MOC = Maintenance of Certification; Ref. = reference.
† All univariable analyses are additionally adjusted for time (month of follow-up).
‡ Time-varying covariates.

Figure 2. Bar graph representing the total proportion of visits at
which each quality metric wasmet, both before (hatched blue) and dur-
ing (solid orange) the Maintenance of Certification (MOC) activity. * =
P < 0.05, unadjusted; † = Denominator excludes visits for patients with
mixed connective tissue disease; ‡ = Denominator limited to visits
meeting criteria for chronic steroid use. DMARD = disease-modifying
antirheumatic drug; SDI = Systemic Lupus International Collaborating
Clinics/American College of Rheumatology Damage Index; SLEDAI =
Systemic Lupus Erythematosus Disease Activity Index.
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Table 2, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.25134).

Association between high-quality care delivery and
clinical outcomes. Medication instructions were entered by
providers in the lupus visit form for 106 of 110 patients for a
median of 90% of visits per patient during the observation period
(IQR 73–100%), corresponding to a visit-level completion rate of
669 of 830 (81%). Current use of prednisone was documented
in 279 of 669 (41.7%) visits with any medication template entry,
and a discrete prednisone dose was also entered for 254 of
279 (91%) instances of documented prednisone use. For the
remaining 161 visits without provider-entered medication instruc-
tions, active (n = 23) versus inactive (n = 99) prednisone prescrip-
tions were obtained from the EHR-based steroid registry for
122 of 161 (76%) visits, yielding 39 of 830 (5%) visits for which
prednisone use data were missing. No patients with nephritis
were missing prednisone use data. Shorter follow-up time and
lower pLCI performance were associated with missing predni-
sone data (see Supplementary Table 3, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.25134).

In the total SLE/MCTD cohort, a pLCI score of ≥0.5 versus
<0.5 (lower quartile) was associated with an adjusted RR of 0.62
(95% CI 0.48, 0.82; P < 0.01) for subsequent prednisone use at

the next visit, adjusted for current prednisone use, disease dura-
tion, baseline major organ involvement, and sociodemographic
factors. Upon restricting the analysis to SLE patients only and fur-
ther adjusting for current disease activity, a pLCI score of ≥0.5
was associated with a 0.72-fold lower risk of subsequent predni-
sone use (95% CI 0.53, 0.93; P = 0.01). Compared to privately
insured patients, those with public insurance were 1.4 times more
likely to require prednisone at the subsequent visit (Table 4). In
contrast, medium-high SVI was significantly associated with a
0.66-fold reduction in risk of prednisone use. In addition, the lack
of SLEDAI score assessment at each visit was also independently
associated with a 1.25-fold (95% CI 1.04, 1.49) and 1.42-fold
(95% CI 1.16, 1.73) higher likelihood of subsequent prednisone
use compared to an assessment of active disease (SLEDAI score
>4) or low disease activity (SLEDAI score ≤4), respectively.
Results were similar in a sensitivity analysis limited to visits in
which provider-entered prednisone use instructions were avail-
able (adjusted RR 0.70 for a pLCI score of ≥0.5 versus <0.5
[95% CI 0.50, 0.98], P = 0.04). Assuming prednisone use at all
visits missing prednisone data versus nonuse yielded a range of

Table 3. Factors associated with timely outpatient rheumatology
follow-up*

Adjusted RR
(95% CI) P

Month of follow-up 0.99 (0.98, 1.00) 0.02
MOC activity period 1.10 (0.94, 1.29) 0.24
Age at baseline visit, years 0.96 (0.93, 0.99) 0.01
Male sex 0.93 (0.74, 1.17) 0.55
Race and ethnicity
Asian alone or in combination 1.07 (0.81, 1.41) 0.64
Black alone or in combination 1.21 (0.91, 1.61) 0.20
Hispanic White/other 1.34 (1.04, 1.72) 0.02
Other/unknown race, Non-Hispanic 0.63 (0.36, 1.12) 0.12
White, Non-Hispanic (ref.) –

Social Vulnerability Index
Lowest (ref.) –

Medium low 1.07 (0.81, 1.42) 0.64
Medium high 0.95 (0.69, 1.29) 0.73
Highest 1.06 (0.81, 1.38) 0.67
Insurance
Medicaid 1.06 (0.87, 1.28) 0.58
Self-pay/uninsured 1.10 (0.88, 1.38) 0.41

History of nephritis 1.14 (0.97, 1.33) 0.11
History of neurologic manifestations 1.03 (0.76, 1.38) 0.87
Recent diagnosis (<6 months)† 1.29 (1.09, 1.54) 0.00
Current prednisone use† 1.18 (1.01, 1.39) 0.04

* Estimates frommodified robust Poissonmodels with subject-level
random effects (n = 107 patients with systemic lupus erythemato-
sus/mixed connective tissue disease; 683 of 730 visits with complete
data). 95% CI = 95% confidence interval; MOC = Maintenance of
Certification; Ref. = reference; RR = relative risk.
† Time-varying covariate.

Table 4. Association between pediatric Lupus Care Index (pLCI)
performance and subsequent prednisone use*

RR (95% CI) P

Month of follow-up 1.00 (1.00, 1.01) 0.12
pLCI score ≥0.5† 0.72 (0.54, 0.96) 0.03
Age at baseline visit 1.01 (0.98, 1.04) 0.49
Male sex 1.25 (0.97, 1.60) 0.08
Social Vulnerability Index
Lowest Ref.
Medium low 1.04 (0.81, 1.33) 0.75
Medium high 0.66 (0.48, 0.90) 0.01
Highest 0.85 (0.69, 1.05) 0.14

Race and ethnicity
Asian alone or in combination 0.98 (0.73, 1.33) 0.92
Black alone or in combination 1.20 (0.91, 1.60) 0.20
Hispanic, other/White race 1.23 (0.93, 1.63) 0.15
Other/unknown race, Non-Hispanic 1.38 (0.97, 1.98) 0.08
White, Non-Hispanic Ref.

Insurance
Medicaid 1.42 (1.17, 1.72) <0.01
Self-pay/uninsured 0.94 (0.61, 1.44) 0.77
History of nephritis 1.13 (0.91, 1.40) 0.26
History of neurologic

manifestations
1.45 (1.02, 2.06) 0.04

History of serositis 1.21 (1.00, 1.47) 0.05
Recent diagnosis (<6 months)† 1.40 (1.19, 1.64) 0.00
Current prednisone use† 9.36 (6.12,

14.31)
0.00

Current disease activity†
SLEDAI-2K score >4 Ref.
SLEDAI-2K score ≤4 0.88 (0.75, 1.04) 0.14
SLEDAI-2K score not assessed 1.25 (1.04, 1.49) 0.02

* Factors associated with any prednisone use at each subsequent
visit in 92 patients with systemic lupus erythematosus only
(n = 591 visits). The range for the pLCI is 0.0–1.0. 95% CI = 95% confi-
dence interval; Ref. = reference; RR = relative risk; SLEDAI-2K =
Systemic Lupus Erythematosus Disease Activity Index 2000.
† Time-varying covariate.
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possible RRs from 0.82 (95% CI 0.63, 1.07) to 0.68 (95% CI 0.51,
0.92), respectively.

DISCUSSION

At our center, uptake of pSLE-specific EHR documentation
tools was high in the context of interventions to improve high-
quality care. Without any manual chart abstraction, we were able
to evaluate changes over time in care quality performance and
clinical outcomes in the setting of 2 programmatic changes. We
observed small but statistically significant improvements in care
quality metric performance over time with a relatively low-intensity
intervention involving provider self-directed goal-setting activities.
At the same time, a complex intervention involving a multidisciplin-
ary care model for patients with lupus nephritis was associated
with higher care quality performance and more timely follow-up
care. Importantly, in the context of these interventions, there were
no significant disparities in care quality metrics by race and ethnic-
ity, insurance status, or neighborhood-level social vulnerability
indices. Finally, we also demonstrated a longitudinal relationship
between high-quality care delivery and reduced likelihood of any
prednisone use, suggesting that improving adherence to care
quality metrics may also improve clinical outcomes.

While there is a significant body of literature describing care
process measures for SLE, very few studies have been able to
address how improving recommended care processes translates
to better clinical outcomes (1). A previous study in children with
SLE did not find that adherence to individual quality metrics is
associated with decreased damage (3). However, by using a
composite index of care quality, we demonstrate that adherence
to at least 50% of care quality indicators is associated with signif-
icant reductions in the risk of subsequent prednisone use. Inter-
estingly, the association between lack of SLEDAI assessment at
a given visit and a higher likelihood of subsequent prednisone
use raises the question of whether even more frequent disease
activity assessment, such as in a treat-to-target framework (10),
could further reduce prednisone exposure and related toxicity.
As a composite measure, pLCI performance represents overall
attention to best practices; therefore, the relationship between
pLCI scores and prednisone use may be driven by factors other
than the individual care processes. Of note, public insurance
remained associated with a higher risk of subsequent prednisone
use, independent of care quality. This suggests that either the
pLCI does not fully capture processes driving prednisone use, or
that systems and individual-level factors mediate the relationship
between insurance status and prednisone use. Studies have
demonstrated that Black, Asian, and Hispanic adults with SLE
receive higher maximum prednisone doses and over longer
periods of time compared to their White counterparts (11,12).
Frequent outpatient care was protective, with Black and Hispanic
individuals having fewer visits (12). In our cohort, there were no
significant disparities in timely rheumatology follow-up, which

may have mitigated differences in prednisone use by race and
ethnicity but does not explain differences by insurance status. It
is possible that delays in initial access to subspecialty care or
use of steroid-sparing agents drive this difference. Qualitative
research may elucidate reasons for higher prednisone exposure
among publicly insured children with SLE (13).

Measurement of health care quality has been proposed as an
important mechanism through which disparities in care can be
identified and ameliorated (14). We did not observe racial or
socioeconomic disparities in quality metric performance during
the study period, which spanned introduction of a dedicated
lupus social worker, the multidisciplinary lupus nephritis clinic,
the MOC activities, as well as the COVID-19 pandemic. This is
notable, particularly as the pandemic both exposed and exacer-
bated existing disparities in many other contexts (15,16) and
was ongoing throughout the MOC activity, potentially even atten-
uating improvements in care delivery outcomes. Furthermore, liv-
ing in areas with medium-high social vulnerability was
unexpectedly associated with a lower risk of subsequent predni-
sone use compared to living in areas with the lowest social vulner-
ability, which may reflect efforts to ensure timely follow-up care,
particularly among patients with lupus nephritis with greater pred-
nisone exposure. While we cannot determine which of the com-
plex interventions contributed to maintaining equitable care
delivery, our data suggest that interventions combining social
work support with standardized clinical assessment and/or multi-
disciplinary care models to eliminate health disparities should be
systematically studied. Hybrid effectiveness–implementation
designs may be particularly well suited to the evaluation of these
types of complex interventions (17).

While multidisciplinary care models are considered stan-
dard of care in oncology and have attained recognition at pol-
icy levels (18,19), published literature on the implementation of
multidisciplinary care models for SLE remains sparse. One
study demonstrated that a multidisciplinary care model for
adults with lupus nephritis was associated with decreased time
to kidney biopsy and improved performance on select quality
metrics (20). In our study, we similarly observed better pLCI
performance associated with a multidisciplinary care model for
pediatric lupus nephritis, particularly with respect to routine
assessment of disease activity and damage, which is a key
component of treat-to-target approaches (10). As being seen
in dedicated lupus clinics or by providers with higher volumes
of lupus patients is also associated with higher care quality
performance (21), it is not possible to directly attribute higher
pLCI performance to the multidisciplinary components, such
as collaboration, coordination, colocalization, interdisciplinary
integration of knowledge, or patient-centered care (22). Never-
theless, our findings support the growing body of literature that
suggests that patients with lupus would benefit from multidisci-
plinary chronic care models that are routinely implemented for
other complex chronic conditions.
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In addition to higher care quality, we also observed a greater
likelihood of timely follow-up for patients with lupus nephritis associ-
ated with care in the multidisciplinary clinic compared to the general
rheumatology clinic. Although population management was also a
component of the MOC activity for all rheumatology providers, each
provider could choose whether or not to set population manage-
ment as a goal. In contrast, the multidisciplinary care team had a
distinct population management strategy, in which the team con-
firmed the intended follow-up timeframe after each visit and also
tracked and reviewed visit intervals on a monthly basis for all
patients ever evaluated in the multidisciplinary clinic. The social
worker played a key role in recontacting families prior to each visit
and evaluating transportation needs or other barriers. Albeit chal-
lenging to quantify, the psychologist likely also facilitated a bidirec-
tional relationship between better care delivery and patient
engagement by addressing mental health needs in real-time. In this
context, patients belonging to historically marginalized racial
groups, living in areas with greater social vulnerability, or with public
insurance were equally, if not more likely, to receive timely follow-up
care. This has important implications for health equity, as access to
appropriate outpatient care has been associated with receipt of rec-
ommended care (23) and has also been hypothesized to mediate
disparities in renal outcomes by insurance status (24,25) and by
race (11). As such, populationmanagement strategies that integrate
dedicated social work support may help mitigate differential access
to timely rheumatology follow-up and reduce health disparities.

Strengths of our study include availability of comprehensive,
longitudinal data in a pediatric lupus cohort with racial, ethnic,
and socioeconomic diversity. Use of lupus-specific EHR docu-
mentation tools enabled collection of discrete data at the point
of care, eliminating manual review of unstructured data. These
tools can potentially be implemented across institutions using a
common data model and improve upon current examples of
EHR-based learning health networks by providing access to dis-
ease activity scores and clinical phenotypes (26–28). There are
also disadvantages of EHR-enabled registries that present limita-
tions to the current study. Data completeness is dependent on
uptake of EHR forms, which may not be easily replicated in other
settings. In addition, data programming requirements limit spread
to practices with limited information technology resources. How-
ever, as these efforts align with policies regarding “meaningful
use” of EHRs, investment by institutions is warranted (29). Addi-
tional limitations of our study include incomplete generalizability,
as academic centers tend to have higher performance on recom-
mended SLE care (30), also evidenced by nearly 100% adher-
ence to hydroxychloroquine prescribing in our study. Missing
data were present and could have biased our point estimates to
a certain degree, albeit unlikely to change the direction of the
effect. Analysis of the impact of interventions on other relevant
glucocorticoid outcomes, such as cumulative prednisone dose
or tapering, would have required additional chart review; albeit
this data infrastructure would still substantially reduce manual

review and be more accurate than electronic prescriptions (31).
Due to low damage scores in our cohort and inclusion of damage
assessment in the pLCI, we could not evaluate relationships
between pLCI and damage accrual. However, future studies
combining EHR-enabled registries with prospective data could
evaluate relationships between care quality and longer term out-
comes. Last, changes over time cannot be directly attributed to
any particular intervention in observational studies. We could not
account for mitigation efforts and shielding behaviors during the
COVID-19 pandemic, which could have decreased rates of
follow-up and metric completion both in the months prior to and
during the MOC activity. Reassuringly, the trends in rates we
observed remained relatively stable over the study period.

In conclusion, an EHR-enabled pediatric lupus registry with
standardized clinical documentation enables evaluation of longi-
tudinal disease and care delivery outcomes without manual
review of medical records. In a real-world population of youth with
SLE, we demonstrated improvements in delivery of high quality
care associated with provider-directed goal setting activities as
well as a multidisciplinary care model for patients with lupus
nephritis and implementation of population management strate-
gies. In the context of these interventions, we did not observe
any racial or socioeconomic disparities in timely outpatient rheu-
matology care or receipt of recommended care processes.
Routine automated assessment of care processes and disease
status can serve as an important means to ensure equitable care
delivery and evaluate interventions designed to deliver compre-
hensive, patient-centered care.
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OMERACT International Consensus for Ultrasound
Definitions of Tenosynovitis in Juvenile Idiopathic Arthritis:
Systematic Literature Review and Delphi Process

Paz Collado,1 María Victoria Martire,2 Stefano Lanni,3 Orazio De Lucia,4 Peter Balint,5

Severine Guillaume-Czitrom,6 Cristina Hernandez-Diaz,7 Nina Krafft Sande,8 Silvia Magni-Manzoni,9

Clara Malattia,10 Linda Rossi-Semerano,11 Johannes Roth,12 Tracy Ting,13 Patricia Vega-Fernandez,13

Daniel Windschall,14 Maria Antonietta D’Agostino,15 and Esperanza Naredo16 for the OMERACT Ultrasound Group

Objective. Synovitis and tenosynovitis are present in juvenile idiopathic arthritis (JIA), both as joint pain and/or
inflammation, making them difficult to detect on physical examination. Although ultrasonography (US) allows for dis-
crimination of the 2 entities, only definitions and scoring of synovitis in children have been established. This study
was undertaken to produce consensus-based US definitions of tenosynovitis in JIA.

Methods. A systematic literature search was performed. Selection criteria included studies focused on US defini-
tion and scoring systems for tenosynovitis in children, as well as US metric properties. Through a 2-step Delphi pro-
cess, a panel of international US experts developed definitions for tenosynovitis components (step 1) and validated
them by testing their applicability on US images of tenosynovitis in several age groups (step 2). A 5-point Likert scale
was used to rate the level of agreement.

Results. A total of 14 studies were identified. Most used the US definitions developed for adults to define tenosyn-
ovitis in children. Construct validity was reported in 86% of articles using physical examination as a comparator. Few
studies reported US reliability and responsiveness in JIA. In step 1, experts reached a strong group agreement
(>86%) by applying adult definitions in children after one round. After 4 rounds of step 2, the final definitions were val-
idated on all tendons and at all locations, except for biceps tenosynovitis in children <4 years old.

Conclusion. The study shows that the definition of tenosynovitis used in adults is applicable to children with
minimal modifications agreed upon through a Delphi process. Further studies are required to confirm our results.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is characterized by chronic

inflammatory processes primarily targeting the synovial tissue of

joints and tendon sheaths. The gold standard for synovitis detec-

tion has traditionally been the clinical assessment of swollen joints

by physicians. However, distinguishing tenosynovitis from under-

lying synovitis, an abnormality which can also be present, may

be challenging based only on clinical examination, especially for

small joints (1,2). Understanding the exact location of inflamma-

tion is crucial to optimize therapeutic decision-making, particularly
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for local injections. Musculoskeletal ultrasonography (US) pro-

vides an objective assessment of inflammation in peripheral joints

(3). US is a versatile, multiplanar, and inexpensive bedside

imaging modality with high patient acceptability, and provides

direct visualization for local steroid injections (4,5).
With the advent of the treat-to-target concept and the avail-

ability of novel therapies, objective and sensitive monitoring of
treatment efficacy is of upmost importance. In this perspective
validated study, US definitions of elementary lesion components
of synovitis and tenosynovitis represent a useful adjunct to clinical
practice.

The Outcome Measures in Rheumatology (OMERACT) US
Pediatric subgroup was formed to standardize the use of US in
JIA. To date, US definitions for normal joint components and for
synovitis have been developed (6,7,8). The JIA subgroup of the
OMERACT US Working Group has recently completed a valida-
tion process for tenosynovitis according to the OMERACT Filter
2.1 Instrument Selection Algorithm (OFISA) (9). The purpose of
this study was to define and validate the definition of the elemen-
tary lesions of US tenosynovitis in children with JIA.

MATERIALS AND METHODS

Study design. The study consisted of 2 phases: 1) a sys-
tematic literature review focused on the identification of studies
on US as an outcome measure for the diagnosis and monitoring
of tenosynovitis in children with JIA, and 2) a consensus process
to develop and validate definitions for the elementary lesions of
tenosynovitis in children.

Systematic literature review: search strategy, study
selection, and data extraction. We searched in 3 databases
(PubMed, Embase, and Cochrane) from their inceptions to
September 1, 2022, for studies that assessed tenosynovitis in
children <18 years old with JIA. We followed the Patient/Popula-
tion, Intervention, Comparison, and Outcomes methodology

(musculoskeletal ultrasound [US], comparison: other imaging
techniques; and outcomes: diagnosis of tenosynovitis) to define
the setting.

The search strategy included the following combination of
subject headings and search terms: “ultrasonography,”
“echography,” “Doppler,” “juvenile idiopathic arthritis,” “juvenile
arthritis,” “tenosynovitis,” “tendinopathy,” “diagnosis,” “follow-
up,” “therapy management.” To ensure completeness of the
search, a manual review of the references of included studies
was performed. However, no studies were found through this
additional review. The limits used were original articles, English
language, humans only, and subjects ≤18 years old. Exclusion
criteria consisted of 1) reviews, editorials, letters, case reports,
and abstracts of scientific congresses; and 2) studies with a
mixed patient population (i.e., adult and children). Review of stud-
ies for inclusion was conducted by 2 separate authors (PC and
VM) and a third author (EN) was appointed to resolve any
discrepancies.

Data were extracted from articles fulfilling the selection cri-
teria, with particular focus on the definition used, scoring sys-
tem applied, and the metric properties of US evaluated.
Data were then recorded using a predetermined form that was
previously designed (10) for this purpose. Extracted data
included author, publication year, study design, JIA subtype,
number of patients and controls, tendons examined, definitions
of US tenosynovitis in children with JIA (if present), the
global description of the US technique, the US mode used
(i.e., B-mode/grayscale alone, Doppler mode alone, or a com-
bination of both), and the scoring systems used for the scanned
tendons: 1) binary (yes/no) for the presence of synovial hyper-
trophy or effusion or power Doppler alone in the tendon sheath,
or 2) semiquantitative. Information about the construct and cri-
terion validity, reliability, and discriminant validity of US was also
recorded. Each included study was analyzed to determine
whether the measurement properties of US fulfilled the criteria
according to the OFISA (9).

Systematic literature review: quality assessment of
included studies. To analyze the study quality, the same
methodology as in a previous systematic literature review of
synovitis in JIA was used (11). It included a set of 6 predefined
criteria: 1) was the recruitment of patients well-defined in the
methods section; 2) was there a description of normal US
anatomy of pediatric tendons; 3) was there a description of
the US scanning technique (settings used, type of machine
and protocol of scanning); 4) was there a description of the
blinding attempted for observers; 5) was there a description
of US tenosynovitis and the scoring system mentioned; and
6) was the comparator adequately explained (baseline and/or
follow-up) and the results presented in their entirety? Quality
was reported on a scale of 0–6, with higher results indicating
higher quality.

SIGNIFICANCE & INNOVATIONS
• Musculoskeletal ultrasonography (US) is an

important tool in the assessment of disease activity
in childhood arthritis.

• To assess disease activity, precise definitions for dif-
ferent pathologic findings are an essential prerequi-
site for the reliable use of this technology in the
pediatric ages.

• To date, the pediatric subgroup of the Outcome
Measures in Rheumatology US Working Group has
completed validation processes for US definitions
of normal joint components and synovitis. Now, US
definitions for tenosynovitis in children have just
been developed and validated through an interna-
tional consensus process.
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Consensus process. A 2-step consensus process on
US-defined tenosynovitis in children was carried out to develop
the definitions (step 1) as well as to validate them by testing their
applicability on US images representing various degrees of teno-
synovitis in various age groups (step 2).

In the first step, based on the information obtained from the
systematic literature review, the preliminary proposal was to eval-
uate whether the consensus definitions developed and used in
adults with rheumatoid arthritis (RA) would be suitable for children
with JIA (12). A questionnaire based on the statements developed
for RA (12) was sent to a panel of 37 international experts in pedi-
atric musculoskeletal US from 14 countries that are part of the
OMERACT US group. The participants were asked to rate their
level of agreement with each statement on a 5-point Likert scale
(1 = strongly disagree; 5 = strongly agree). Agreement was
achieved if ≥80% of responders scored a statement as either
4 or 5. Additionally, comments were allowed at the end of each
statement.

The aim of the second step was to validate each state-
ment (i.e., normal tendon structure, normal tendon synovial

sheath, normal retinaculum and finger flexor pulley, tendon
sheath effusion, tenosynovial hypertrophy, and US definitions
of tenosynovitis on both B-mode and power Doppler) by
testing their applicability on US images showing tenosynovitis
in children from JIA patients at various ages. A total of 18 task
force members, who participated actively in the previous
task, were instructed to acquire standardized US images
according to the literature (13). Tendons often involved in
JIA were preselected (biceps, hand, wrist, and ankle ten-
dons). The participants collected at least 1 B-mode and
power Doppler image per tendon, representative of tenosyn-
ovitis, in both transverse and longitudinal planes. Additionally,
they indicated the age group (toddler and preschool ages 2–
4 years, young children ages 5–8 years, preadolescent ages
9–12 years, and teenager ages 13–16 years) in the saved
image as agreed upon in a previous exercise (13). Only anon-
ymized images were used. Participating centers did not
require ethics approval for this web-based exercise. The US
equipment used for image collection differed from one partic-
ipating center to another.

Table 1. Description of the studies reporting ultrasound validity in the assessment of tenosynovitis in juvenile idiopathic arthritis*

Author, year (ref.)
Study
type

No. of
patients

No. of
patients
in control
group Joint region Tendon assessed Reliability

Quality
score

Karmazyn et al, 2007 (15) CS 20 12 MCP FFT NA 6
Magni-Manzoni et al, 2009 (16) CS 32 0 Elbow,wrist, IP, MCP,

knee, ankle, toes
NA NA 2

Rooney et al, 2009 (1) CS 34 0 Ankle TPT, PT NA 2
Pascoli et al, 2010 (2) CS 42 0 Ankle TPT, PT Interobserver 2
Laurell et al, 2011 (4)† PL 30 0 Ankle TPT, PT, FDL, FHL, TA,

EHL, EDL
NA 3

Laurell et al, 2012 (5)† PL 11 0 Wrist APL, EPB, ECR, EPL, EDC,
EDM, ECU, FCR, FDD

NA 5

Hendry et al, 2012 (17) CS‡ 30 0 Ankle, IP, MTP TPT, PT, FDL, FHL NA 3
Magni-Manzoni et al, 2013 (18) PL 39 39 Elbow, wrist, IP, MCP,

knee, ankle, toes
Not specified NA 5

Collado et al, 2014 (19) CS 34 0 Shoulder, elbow, wrist,
MCP, hand, IP, knee,
ankle, MTP

EDC, FFT, TFT Interobserver 5

Peters et al, 2017 (20) CS 244 0 Ankle, wrist TPT, PT, FDL TA, FHL,
APL, EPB, ECR, EPL,
EDC, TFT, FFT, BT

NA 2

Ventura-Ríos et al, 2018 (3) CS 30 0 Wrist, 2MCP, 3MCP EDC, FFT Interobserver/
intraobserver

5

Lanni et al, 2021 (21) CS 78 0 Ankle TA, EDL, FDL, PT, EHL,
TPT, FHL

NA 4

Collado et al, 2022 (22) CS 28 54 Ankle TA, EHL, EDL, TPT, FDL,
FHL, PT

NA 5

Della Paolera et al, 2022 (23)† CS 48 0 Ankle TPT, PT, FDL, FHL, EDL,
EHL

NA 2

* The comparator used for construct validity was clinical examination in all studies except Peters et al (ref. 20), in which a comparator was not
available. APL = abductor pollicis longus; BT = biceps tendons; CS = cross-sectional; ECU = extensor carpi ulnaris; ECR = extensor carpi radialis;
EDC = extensor digitorum communis; EDL = extensor digitorum longus; EDM = extensor digit minimi; EHL = extensor hallucis longus; EPB =
extensor pollicis brevis; EPL = extensor pollicis longus; FCR = Flexor carpi radialis; FDD = flexor digitorum superficialis and profundus; FDL =
flexor digitorum longus; FFT = finger flexor tendon; FHL = flexor hallucis longus; FPL = flexor pollicis longus; IP = interphalangeal; MCP = meta-
carpophalangeal; MTP =metatarsophalangeal joint; NA = not available; PL = prospective longitudinal; PT = peroneal tendons; TA = tibialis ante-
rior; TFT = toe flexor tendon; TPT = tibialis posterior tendon.
† Sensitivity to change was measured in the indicated study.
‡ Cross-sectional (CS) here indicates a section of a phase II randomized controlled trial, the Foot Arthritis trial.
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The convenor (PC) collected images from the participants
and sent them back a representative selection, asking to assess
each image and rate applicability of statements using a 5-point
Likert scale. An agreement of ≥70% was considered mandatory
for consensus. The answers from each round of the question-
naire that did not reach the agreement threshold were revised
and modified according to the experts’ comments, then resent
to the panel for the next round until agreement was reached for
all statements. Similarly, images not reaching the agreement
threshold were replaced with new images provided by the
participants.

Statistical analysis. Descriptive statistics were calculated
from the responses to the questionnaires. The results from the
Delphi process were presented as the percentage of responders
who scored a statement as either 4 or 5.

RESULTS

Systematic literature review process. The study selec-
tion process is shown in a Preferred Reporting Items for Systematic
reviews and Meta-Analysis flow diagram (14) (Supplementary

Figure 1, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.25159/abstract).

Summary of included studies. The features and metric
properties of the 14 studies included in the systematic literature
review are shown in Tables 1 and 2 (1–5,15–23). The main objec-
tive in most studies was the assessment of synovitis, whereas
tenosynovitis was the second objective. The designs of the stud-
ies are shown in Table 1; the majority of which were cross-
sectional (15–16,19–23). The number of patients included in each
study was relatively small (range 11–42), except for 2 that
included 78 and 244 patients, respectively (20,21). There were
only 3 studies that included a control group (15,18,22). The ankle
tendons were most studied (11 of 14 [78%]), particularly the pos-
terior tibialis (1,2,4,18–23), while the biceps tendon was rarely
investigated (20).

US definitions and scoring systems of tenosynovitis in chil-
dren reported are shown in Table 2. Most articles (1–5,17,19,21)
included the US definitions for adult RA to define tenosynovitis in
children (24), and a tenosynovitis scoring system was included in
9 articles (64%). Different machine brands and frequencies of the
transducers were used (from 5–20 MHz) (Table 2). Except for

Table 2. US definition and description of tenosynovitis or its elementary components evaluated and correlating tenosynovitis scoring
systems*

Author, year (ref.)
Definition of tenosynovitis

included in the study Scoring system Equipment (Doppler setting)

Karmazyn et al, 2007 (15) “Fluid and vascularity within
TS”

Semiquantitative
(CD)

Philips 5000 (CD: 1.7–2.5 cm/second; maximized gain
levels until color noise was outside the vessel wall)

Magni-Manzoni et al, 2009 (16) OMERACT† Binary GE Logiq 9
Rooney et al, 2009 (1) OMERACT† NA SonoSite 180 Plus or Esaote MyLab 25
Pascoli et al, 2010 (2) OMERACT† NA Esaote MyLab 25 (PRF 700 Hz, LF, highest gain not

displaying background artefact)
Laurell et al, 2011 (4) OMERACT† NA GE Logiq 9 (PRF 600 Hz, LF, color gain just below the level

at which noise appeared)
Laurell et al, 2012 (5) OMERACT† NA GE Logiq 9 (PRF 600 Hz, LF, color gain just below the level

at which noise appeared)
Hendry et al, 2012 (17) OMERACT† Binary Siemens Acuson Antares
Magni-Manzoni et al, 2013 (18) OMERACT† Binary GE Logiq 9
Collado et al, 2014 (19) OMERACT† Binary GE Logiq E (PRF 600 Hz, LF, highest PD gain not showing

signal under the bony cortex)
Peters et al, 2017 (20) “TS thickening with echogenic

fluid,
increased CD signal, or a
combination”

Binary NA

Ventura-Ríos et al, 2018 (3) OMERACT† NA GE Logiq E R6 (PRF 500 Hz, LF, highest gain not showing
signal under the bony cortex)

Lanni et al, 2021 (21) “The presence of swelling in
the related tendon area”

Binary Esaote MyLab alpha (PRF 480–700 Hz, LF, highest gain
just below the level not displaying color noise in the
underlying bone)

Collado et al, 2022 (22) “Abnormal TS thickening with
or without PD”

Binary GE Logiq E (PRF 600 Hz, LF, gain was adjusted until the
background signal was removed)

Della Paolera et al, 2022 (23) “Thickened TS with fluid,
Doppler signal may be
present”

Binary NA

* Doppler imaging was used in all studies except in Peters et al, 2017 (ref. 20). CD = color Doppler; LF = lowest filter; NA = not applicable; PD =
power Doppler; PRF = pulse repetition frequency; TS = tendon sheath.
† The Outcome Measures in Rheumatology Clinical Trials (OMERACT) definitions for ultrasound (US) tenosynovitis in adults (ref. 24).
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2 articles, all studies included power Doppler mode, but only
8 detailed the settings (2–5,15,19,21,22).

The metric properties of the studies are shown in Tables 1
and 2. Construct validity was the most common aspect of US
validity reported, which included clinical examination and patient-
reported outcome measures as comparators in 12 and 6 studies,
respectively. Overall, the results of those studies show that US
detected tenosynovitis more often than clinical examination
(Supplementary Table 1, available at http://onlinelibrary.wiley.
com/doi/10.1002/acr.25159/abstract). Criterion validity of US in
relation to histology was not studied. The study by Karmazyn
et al was the only one that described a scoring system for Doppler
mode (15). The reliability and ability of US to detect changes over
time in JIA were reported in 3 studies (2,3,19) and in 3 other stud-
ies, respectively (4,5,23).

Quality assessment of included studies. Quality
scores are shown in Table 1 (Detailed scores are shown in
Supplementary Table 1, available at http://onlinelibrary.wiley.com/
doi/10.1002/acr.25159/abstract). Of the 14 studies selected, only
6 achieved a minimum quality score ≥4 (3,5,15,18,19,22).

Consensus process findings. The workflow of the con-
sensus process to develop and validate definitions on static
images is shown in Figure 1.

First step. A total of 28 of 37 participants responded to the
first questionnaire (75% response rate). For all statements group
agreement was ≥86% in the first round.

Second step. Once group agreement was reached in
step 1, 7 statements related to the consensus definitions in adults
with RA were validated in a 4-round web-based exercise testing
its applicability in tenosynovitis in children. A total of 18 experts
were invited, of whom 16 (89%) participated in all rounds.

For the first and the second rounds, a set of 38 US images
were assessed by the participants who rated their agreement on
applicability of each statement. The 7 statements reached a
strong group agreement for the ankle tendons for all age groups
(range 80–100%) in the first round, but there was no agreement
for the remaining tendons. The second round provided new
images for the items that had not achieved agreement. Except
for the normal pulley in the youngest children, group agreement
was reached for the tendons of the wrist (73–100%) and the fin-
ger (73–100%). Despite the ability of US to display the normal fin-
ger pulleys at the level of metacarpophalangeal joints in children,
some comments were raised about the pulley’s echogenicity in
young children after evaluating the images in the second round.
The percentage of group agreement per statement after the sec-
ond round is shown in Table 3.

For the third round, the description of a normal pulley
was reworded as follows: “a linear hyperechoic structure,
although it could artifactually appear hypoechoic.” This modifica-
tion achieved a strong group agreement (99.8%) in the fourth
and final round.

Figure 1. Workflow showing the consensus process to develop
and validate the definitions of tenosynovitis in children (step 1 and
step 2). JIA = juvenile idiopathic arthritis; RA = rheumatoid arthritis.

Table 3. Group agreement for tenosynovitis definition at different
ages in various joints*

Definition per each statement

Age, years 1 2 3 4 5 6 7

Shoulder
2–4 years 100 86 NA 56 60 62 56
5–8 years 86 86 NA 77 100 100 93
9–12 years 86 80 NA 71 71 80 80
13–15 years 94 88 NA 93 93 100 93

Wrist
2–4 years 93 100 75 86 93 100 100
5–8 years 100 71 100 100 100 100 100
9–12 years 86 75 73 80 93 100 93
13–15 years 86 93 86 73 86 100 100

Finger
2–4 years 87 73 68 100 93 73 75
5–8 years 80 80 67 93 100 100 93
9–12 years 73 73 87 87 100 100 100
13–15 years 93 93 87 93 73 93 73

Ankle
2–4 years 87 73 78 100 93 100 100
5–8 years 87 80 80 86 86 93 93
9–12 years 87 80 80 86 100 100 100
13–15 years 87 80 80 100 87 100 93

* Values are the percentage of answers that scored grade 4 or 5 for
each of the images on a 5-point Likert scale in the second round.
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After 4 rounds, the final definitions were validated on all
tendons and at all locations, except for biceps tenosynovitis
in children <4 years old, which showed no agreement
regarding its applicability, due to a lack of images available
for this location and age group. The final version of the vali-
dated US definitions for elementary lesions in tenosynovitis
in children is shown in Table 4. An US image illustrating

some of these lesions that correspond to the definition is
shown in Figure 2.

DISCUSSION

Definitions for the US appearance of tenosynovitis in children
were developed through a consensus process and validated in
web-based exercises. This study is an important step toward a
more reliable use of musculoskeletal US in children as an out-
come measure of disease activity (25).

Consistent with the previous systematic literature review
on synovitis (11), US examination of the foot and hand remains
a priority in JIA, given the frequency of involvement and the
challenges of the clinical assessment (1,2,18,22). In contrast,
biceps tendon involvement is less well studied, since inflamma-
tion affecting the shoulder joint or tendons is less reported in
children compared to adults. Like the systematic literature
review of synovitis, the current systematic literature review
showed a moderate quality of existing studies illustrating a
need for ongoing research on the validity of US in tenosynovitis
in children.

As reflected in the systematic literature review, the absence
of definitions of tenosynovitis in children for JIA over the years
has led several authors to use existing definitions that were devel-
oped for adults (24). However, their applicability to children might
require some considerations. To address this issue, the
OMERACT US Working Group has conducted the current Delphi
process. The group unanimously agreed that the definitions used
in adults can be applied in the pediatric population in the first
round of step 1. In step 2, instead of a de novo development of
definitions, the adult definitions were assessed for their suitability
in children on static images. The final definitions for tenosynovitis
in children were validated for all tendons and ages, except biceps

Figure 2. Tenosynovitis on Doppler ultrasound imaging of the finger
of a 6-year-old child. The image shows the presence of tendon
sheath effusion (*) and peritendinous Doppler signal within the syno-
vial sheath in the flexor tendon of the second finger, seen in 2 perpen-
dicular planes. c = unossified hyaline cartilage of the secondary
ossification nucleus of the phalanx; MC = metacarpal bone; PP =
proximal phalanx; T = tendon.

Table 4. Description of the final validated US definitions*

Statement Definition

Normal structure; tendon
(definition 1)

Hyperechoic (relative to subdermal
fat) fibrillar pattern
(i.e., hyperechoic parallel lines in
long plane and hyperechoic dots in
transverse plane)

Normal structure; tendon
synovial sheath
(definition 2)

A thin regular hypoechoic (relative to
tendon fibers) halo surrounding (in
transverse plane), thin regular
hypoechoic lines above and below
the tendon structure (in long plane)
at anatomical sites where synovial
sheaths are known to exist and
which can be distinguished from
pulleys and retinaculae

Normal structure;
retinaculum (wrist and
ankle level) and pulleys
(finger flexor level)
(definition 3)

Annular pulley appeared as a focal
hyperechoic (or hypoechoic
depending on the US insonation
angle) fibrillar structure relative to
the adjacent flexor tendon that can
be detected overlying the parietal
synovial sheath of the digital flexor
tendon at its expected anatomical
location

Elementary lesion;
tendon sheath effusion
(definition 4)

Presence of abnormal anechoic or
hypoechoic (relative to tendon
fibers) material within the synovial
sheath, either localized (e.g., in the
synovial sheath cul-de-sacs) or
surrounding the tendon that is
displaceable and seen in 2
perpendicular planes

Elementary lesion;
tenosynovial
hypertrophy
(definition 5)

Presence of abnormal hypoechoic
(relative to tendon fibers) tissue
within the synovial sheath that is
not displaceable and poorly
compressible and seen in 2
perpendicular planes

Tenosynovitis on B-mode
(definition 6)

Abnormal anechoic or hypoechoic
(relative to tendon fibers) tendon
sheath widening, which can be
related to both the presence of
tenosynovial abnormal effusion or
hypertrophy

Tenosynovitis on Doppler
(definition 7)

The presence of peritendinous
Doppler signal within the synovial
sheath, seen in 2 perpendicular
planes, excluding normal feeding
vessels (i.e., vessels at the
mesotenon or vincula) only if the
tendon shows peritendinous
synovial sheath widening on
B-mode

* US = ultrasound.
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tenosynovitis in children ages 2–4 years, since no images of
tenosynovitis were available for this location and age group. This
may reflect limited involvement of the shoulder in JIA but may also
indicate that this is an understudied area.

A group agreement for the US-defined normal finger pulley in
children <8 years old was reached after 4 rounds. It highlights the
difficulty to clearly distinguish this structure in healthy children,
even on high-quality images, or the fact that pulleys became more
detectable on US in children who are engaged in physical activi-
ties like rock climbing, which often increases visibility of pulleys
due to changes in the supporting structures of the hands and fin-
gers (26–29). Some limitations should be noted; we validated the
US definition of tenosynovitis in children only on static images,
and most participants were experts in US. However, performing
an international validation study in children in real time is a challenge
because it is not feasible to gather children grouped by age to be
scanned several times by different sonographers in a day.

Although children differ significantly from adults in their bone
anatomy (mostly related to maturation of bones), the present
study demonstrated that the definitions of tenosynovitis used in
adults are applicable to children with minimal modifications deter-
mined through a Delphi process. Further studies are required to
confirm our results as well as to evaluate metric properties of US
in the assessment of tenosynovitis in children with JIA.
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Health Equity Implications of Missing Data Among Youths
With Childhood-Onset Systemic Lupus Erythematosus: A
Proof-of-Concept Study in the Childhood Arthritis and
Rheumatology Research Alliance Registry

Jennifer M. P. Woo,1 Faith Simmonds,2 Anne Dennos,3 Mary Beth F. Son,4 Laura B. Lewandowski,2

and Tamar B. Rubinstein,5 for the CARRA Registry investigators

Objective. Health disparities in childhood-onset systemic lupus erythematosus (SLE) disproportionately impact
marginalized populations. Socioeconomically patterned missing data can magnify existing health inequities by sup-
porting inferences that may misrepresent populations of interest. Our objective was to assess missing data and subse-
quent health equity implications among participants with childhood-onset SLE enrolled in a large pediatric
rheumatology registry.

Methods. We evaluated co-missingness of 12 variables representing demographics, socioeconomic position, and
clinical factors (e.g., disease-related indices) using Childhood Arthritis and Rheumatology Research Alliance Registry
childhood-onset SLE enrollment data (2015–2022; n = 766). We performed logistic regression to calculate odds ratios
(ORs) and 95% confidence intervals (95% CIs) for missing disease-related indices at enrollment (Systemic Lupus Ery-
thematosus Disease Activity Index 2000 [SLEDAI-2K] and/or Systemic Lupus International Collaborating Clinics/
American College of Rheumatology Damage Index [SDI]) associated with data missingness. We used linear regression
to assess the association between socioeconomic factors and SLEDAI-2K at enrollment using 3 analytic methods for
missing data: complete case analysis, multiple imputation, and nonprobabilistic bias analyses, with missing values
imputed to represent extreme low or high disadvantage.

Results. On average, participants were missing 6.2% of data, with over 50% of participants missing at least 1 var-
iable. Missing data correlated most closely with variables within data categories (i.e., demographic). Government-
assisted health insurance was associated with missing SLEDAI-2K and/or SDI scores compared to private health
insurance (OR 2.04 [95% CI 1.22, 3.41]). The different analytic approaches resulted in varying analytic sample sizes
and fundamentally conflicting estimated associations.

Conclusion. Our results support intentional evaluation of missing data to inform effect estimate interpretation and
critical assessment of causal statements that might otherwise misrepresent health inequities.

INTRODUCTION

Pervasive health disparities in childhood-onset systemic

lupus erythematosus (SLE) affect the quality of life and disease

outcomes across marginalized populations. Studies have found

that Black and Hispanic/Latino people with childhood-onset SLE

disproportionately develop more severe disease manifestations

(1). In addition, low socioeconomic status is associated with
high disease activity and organ damage among people with SLE
compared to those with high socioeconomic status (2). Despite
the known disparities in disease severity and outcomes in pediat-
ric rheumatology, the most affected populations continue to be
underrepresented in research studies. In a review of randomized
clinical trials for SLE in adults, individuals who identified as
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members of minoritized racial and ethnic groups comprised 73%

of prevalent SLE cases and only 45% of clinical trial partici-

pants (3).
Because childhood-onset SLE is a relatively rare disease,

multisite patient registries are essential for observational research
to gain knowledge on the disease and its outcomes. The Child-
hood Arthritis and Rheumatology Research Alliance (CARRA)
Registry is the largest childhood-onset SLE registry to date and
represents over 70 sites across North America and Israel (see
Appendix A for members of the CARRA Registry). The CARRA
Registry has supported multiple published studies on childhood-
onset SLE in the past decade (4–14). While the CARRA Registry
represents a diverse cohort of patients, a better understanding
of the patterns of missing data in the registry is required to ensure
that knowledge gained from the registry is generalizable and rep-
resentative of the diverse patient population affected by
childhood-onset SLE.

Missing data that are socioeconomically, racially, or ethnically
patterned can obscure existing health inequities by underestimat-
ing underlying associations or by contributing to unsupported
inferences that fail to represent the target population. Because of
the potential impact of misinterpreting biased estimates, there is
a growing emphasis in epidemiologic research on the use of
quantitative bias analysis methods to evaluate the impact of miss-
ing data, measurement error, selection bias, and other mecha-
nisms that can contribute to biased estimates (15,16). A recent
systematic review by Lauper et al (2021) reported that 83% of lon-
gitudinal observational studies reported in key rheumatology jour-
nals between 2008 and 2019 failed to report missing data on
covariates and almost half relied on complete case analysis (17).
When looking at prior CARRA research studies, we found that

while many reported missing data, only a few studies used quan-
titative bias analysis methods, such as sensitivity analyses and
multiple imputation (11,12,18–24).

No current studies have comprehensively assessed patterns
of missing data in the CARRA Registry or have evaluated how
missing data may impact the interpretation of study results. By
assessing the socioeconomic patterning of missing data related
to disease outcomes in the childhood-onset SLE population,
researchers can better determine whether they should consider
additional methods to address missingness when using CARRA
Registry data to minimize the potential for perpetuating existing
health inequities and to improve generalizability of results. In this
study, we aim to identify patterns of missing data in the CARRA
Registry, assess whether missing data are more prevalent among
minoritized racial and ethnic and/or lower socioeconomic groups,
and to examine the health equity implications that might arise
when missing data are not addressed in analyses.

PATIENTS AND METHODS

CARRA Registry. The CARRA Registry is a prospective
observational registry of persons with childhood-onset rheumatic
disease designed to evaluate therapeutic safety among the study
population (25). Enrollment began in July 2015 and is ongoing
among 74 pediatric rheumatology clinical sites across the US,
Canada, and Israel and included over 12,000 participants as of
February 2022.

A total of 925 CARRA Registry participants were diagnosed
with childhood-onset SLE using the 2012 Systemic Lupus Interna-
tional Collaborating Clinics (SLICC) diagnostic criteria. We include in
this proof-of-concept study of missing data 766 participants who
also fulfilled at least 4 of 11 American College of Rheumatology
(ACR) criteria for SLE (1997) or had biopsy-proven lupus nephritis
with at least 2 additional ACR criteria prior to age 19 years (26).
We use these generally stricter guidelines to standardize the poten-
tial impact of missing diagnosis criteria, which is more difficult to
address when using the SLICC diagnostic criteria, as they allow
for a varying number of criteria to confirm a childhood-onset SLE
diagnosis (i.e., 4 of 17 criteria without lupus nephritis or lupus
nephritis and antinuclear antibody or double-stranded DNA positiv-
ity). All participants were diagnosed with childhood-onset SLE
within 24 months of enrollment or had a new diagnosis of lupus
nephritis if their original childhood-onset SLE diagnosis was
>24 months prior. At enrollment, participants and/or parents/
guardians completed self- or medical staff–administered question-
naires regarding sociodemographics, symptom onset, and patient
reported outcomes. Pediatric rheumatology staff completed corre-
sponding questionnaires regarding clinical manifestations, includ-
ing disease symptoms, laboratory values, and physician global
assessment of disease activity.

CARRA Registry participants (and/or a parent or guardian
when required) provided written informed consent at registry

SIGNIFICANCE & INNOVATIONS
• Health disparities in systemic lupus erythematosus

(SLE) contribute to poor outcomes in historically
marginalized populations. Patient registries may
have data that aremissing in patterns that can unin-
tentionally obscure important findings related to
health disparities in childhood-onset SLE.

• Our study is the first to use multiple analytic
methods to assess the effects of missing data on
disease measures in epidemiologic research in
childhood-onset SLE.

• Using data from the Childhood Arthritis and Rheu-
matology Research Alliance Registry, we demon-
strate how socioeconomically patterned missing
data and the use of varying analytic methods to
handle missing data can impact sample size and
effect estimates; researchers should integrate these
practices in the interpretation of study results to
ensure that findings across demographics are not
misrepresented.
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enrollment. Our current analyses were conducted using de-
identified data and were considered exempt by the Institutional
Review Board at the National Institutes of Health.

Socioeconomic factors. Data on socioeconomic factors
were collected at enrollment and included information on self-
identified race (White, Black, Asian, Middle Eastern or North Afri-
can, Native American, American Indian, or Alaska Native, Native
Hawaiian or other Pacific Islander, multiple races, or races not oth-
erwise specified) and ethnicity (Hispanic, not Hispanic), social con-
structs that are rooted in practices of structural racism rather than
biologic differences between racialized groups (27–30); annual
household income (in US or Canadian dollars, <$25,000,
$25,000–49,999, $50,000–74,999, $75,000–99,999, $100,000–
150,000, >$150,000, prefer not to answer, unknown); highest level
of parental/guardian education completed (elementary/middle
school, some high school, graduated high school or General Edu-
cational Development Test, college, including junior college or tech-
nical school, graduate school, prefer not to answer); and insurance
status (private, government-assisted [e.g., Medicare, Medicaid, mil-
itary health care, state-specific plan (non-Medicaid), Indian Health
Services], other [e.g., non-US insurance, other], none).

Clinical factors and covariates. Measures of SLE dis-
ease activity and severity were collected at enrollment. Measures
included the Systemic Lupus Erythematosus Disease Activity
Index 2000 (SLEDAI-2K) for SLE disease activity over the past
30 days (possible score: 0 to 105), and the SLICC/ACR Damage
Index (SDI) for SLE-related damage (possible score: 0 to 43).
Additional clinical variables assessed were age at symptom onset
and age at first visit with a pediatric rheumatologist. Disease dura-
tion was calculated as the time from symptom onset to the time of
enrollment (years). Covariates were collected at enrollment,
including participant sex assigned at birth (male, female, other)
and self-identified gender (male, female, other). Models were also
adjusted for participant age (continuous) and enrollment site.

Statistical analysis. Descriptive statistics were used
to describe patterns of missingness among CARRA Registry
participants. Tetrachoric correlation coefficients, which are
measures of the strength of correlation between 2 binary variables
(range –1.0 [high negative correlation] to 1.0 [high positive correla-
tion]), were estimated using PROC FREQ and the PLCORR
option to evaluate patterns of co-missingness among variables
(missing versus not missing). We used logistic regression models
to estimate odds ratios (ORs) and 95% confidence intervals
(95% CIs) to evaluate the association between socioeconomic
factors and the odds of missing clinical data. For this analysis,
missing data for all variables were coded as a discrete category
so as to not be dropped from the models.

In our comparative study, we used linear regression models
to test the association between socioeconomic factors and

disease activity (SLEDAI-2K) and disease damage (SDI) for youths
with childhood-onset SLE at the time of enrollment, adjusting for
age, sex assigned at birth, disease duration at enrollment, time
since the first pediatric rheumatology visit, and study site. First,
we used complete case analysis, excluding all participants miss-
ing any data.

Next, we used multiple imputation by chained equations
(PROC MI with FCS command) to obtain 20 imputed data sets,
imputing values for missing socioeconomic factors, covariates,
and clinical assessments. The variables included in the imputation
models were: SLEDAI-2K, SDI, race and ethnicity, sex, annual
household income, parental/guardian educational attainment,
insurance status, disease duration, and time between symptom
onset and first visit with a pediatric rheumatologist, as well as
SLICC diagnostic criteria as an auxiliary variable. The multiple
imputation data sets were then used to obtain pooled estimates
of socioeconomic impact on disease activity and severity using
PROCMIANALYZE. A detailed description of the multiple imputa-
tion process and example code are included in Supplementary
Appendix A, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.25136.

Finally, we conducted a nonprobabilistic bias analysis to
evaluate the impact of potential differential missingness related
to socioeconomic factors (16). Using fixed bias parameter analy-
sis methods, we ran separate models in which we assigned miss-
ing socioeconomic factors to represent extreme high
disadvantage or extreme low disadvantage and examined how
estimates of disease activity and severity changed at these
extremes. In extreme high disadvantage models, missing values
were imputed to non-Hispanic Black/African American, selected
based on the persistent impact of racial residential segregation
and marginalization in the US (31), household income less than
$25,000 annually, parental educational attainment less than high
school, and no health insurance. In extreme low disadvantage
models, missing values were imputed to non-Hispanic White,
annual household income $150,000 and above, parental educa-
tional attainment of graduate school, and private health insurance.
All statistical analyses were completed using SAS software, ver-
sion 9.4.

RESULTS

Overall, we included 766 participants with childhood-onset
SLE in the analyses. Characteristics of the study cohort are
described in Table 1. The mean age at enrollment into the CARRA
Registry was 14.2 ± 3.0 years and approximately 86% were
assigned female sex at birth. Furthermore, nearly 74% (n = 555)
did not identify as non-Hispanic White, 35% of participants
reported an annual household income of <$50,000, and 56% of
participants with known insurance status had nonprivate insur-
ance or no insurance. There were 37 unique patterns of missing
data, with >50% of participants missing data on at least 1 variable
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(see Supplementary Figure 1, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.25136). On average, participants were missing approximately
6.2% (range 0–70%) of the variables we investigated, and 10% of

participants (n = 78) were missing >10% of included variables
(Table 1). Missingness was observed across demographic, socio-
economic, and clinical variables, with socioeconomic variables
missing at the highest frequency (Figure 1). The variable with the

Table 1. Characteristics of CARRA Registry participants diagnosed with childhood-onset systemic lupus erythematosus
by level of individual data missingness (n = 766)*

Characteristic Overall
≤10% missing

(n = 688)
>10% missing

(n = 78)

Demographic factors
Sex assigned at birth, no. (%)
Male 106 (14) 97 (14) 9 (11)
Female 660 (86) 591 (86) 69 (89)

Gender, no. (%)
Male 107 (14) 98 (14) 9 (12)
Female 650 (86) 586 (86) 64 (88)
Other 1 (0) 1 (0) 0 (0)
Missing 8 3 5

Age, years 14.2 ± 3.0 14.2 ± 3.0 14.2 ± 3.0
Socioeconomic factors

Race and ethnicity, no. (%)
Asian, Native Hawaiian, or Pacific Islander 87 (12) 80 (12) 7 (11)
Hispanic 196 (26) 178 (26) 18 (28)
Middle Eastern or North African 9 (1) 7 (1) 2 (3)
Native American, American Indian, or Alaska Native 7 (1) 6 (1) 1 (2)
Non-Hispanic Black, African American, African, or Afro-Caribbean 210 (28) 196 (29) 14 (22)
Non-Hispanic White 195 (26) 180 (26) 15 (24)
Race not previously mentioned 13 (2) 13 (2) 0 (0)
Multiracial 33 (4) 27 (4) 6 (10)
Missing 16 1 15

Household income in $, no. (%)
<25,000 104 (16) 98 (16) 6 (11)
25,000–49,999 122 (19) 119 (20) 3 (5)
50,000–74,999 78 (12) 78 (13) 0 (0)
75,000–99,999 59 (9) 59 (10) 0 (0)
100,000–150,000 68 (10) 67 (11) 1 (2)
>150,000 66 (10) 61 (10) 5 (9)
Prefer not to answer 154 (24) 114 (19) 40 (73)
Missing 115 92 23

Parent/guardian educational attainment, no. (%)
Less than high school 68 (11) 63 (11) 5 (10)
High school or GED 172 (27) 159 (28) 13 (26)
College 279 (44) 259 (45) 20 (40)
Graduate School 108 (17) 96 (17) 12 (24)
Missing 139 111 28

Insurance status, no. (%)
Private 316 (44) 293 (44) 23 (41)
Government-assisted† 318 (44) 294 (44) 24 (44)
Other, including non-US insurance 72 (10) 67 (10) 5 (9)
No insurance 20 (3) 18 (3) 2 (4)
Missing 40 16 24

Clinical factors
SLEDAI-2K 7.1 ± 7.3 7.0 ± 7.3 8.1 ± 7.7
SDI 0.3 ± 0.8 0.3 ± 0.8 0.4 ± 1.0
Lupus nephritis, no. (%) 390 (51) 353 (51) 37 (48)
Age at symptom onset 12.7 ± 3.1 12.7 ± 3.1 12.8 ± 3.0
Age at first pediatric rheumatology visit 13.0 ± 3.0 13.0 ± 3.0 13.0 ± 3.0
Disease duration from symptom onset‡ 1.5 ± 1.8 1.5 ± 1.9 1.3 ± 1.5

* Values are the mean ± SD unless indicated otherwise. Missing not otherwise noted: age (n = 8), SLEDAI-2K (n = 90), SDI
(n = 12), age of symptom onset (n = 8), age of first pediatric rheumatology visit (n = 8). CARRA = Childhood Arthritis and
Rheumatology Research Alliance; GED = General Educational Development Test; SDI = Systemic Lupus International Col-
laborating Clinics/American College of Rheumatology Damage Index; SLEDAI-2K = Systemic Lupus Erythematosus Dis-
ease Activity Index 2000.
† Medicare, Medicaid, military health care, state-specific plan (non-Medicaid), Indian Health Services.
‡ Disease duration defined as time from symptom onset to enrollment.
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greatest level of missing data was household income, with 35% of
participants (n = 269) either selecting “Prefer not to answer” or
not providing a response. The distributions of participants with
known data across variables of interest were similar for most vari-
ables, except for household income, when comparing those who
were missing ≤10% of variables and those missing >10% of vari-
ables (Table 1).

Missing data were most highly correlated with variables of
the same type (i.e., demographic, socioeconomic, or clinical).
Figure 1 represents the correlation of missing data between vari-
ables. Missingness of SLEDAI-2K score was perfectly correlated
with missingness of age, age at symptom onset, and age at first
visit with a pediatric rheumatologist (tetrachoric correlation coeffi-
cients = 1.0). Missingness of gender was also highly correlated
with missingness of parental highest educational attainment (tet-
rachoric correlation coefficient = 0.82).

We next evaluated the characteristics associated with missing
either a SLEDAI-2K and/or SDI score. Reporting government-
assisted health insurance was associated with 2.0 times greater
odds of missing a clinical score compared to reporting private
health insurance (OR = 2.04 [95%CI 1.22, 3.41]) (Table 2). Further-
more, each year increase in age was associated with an 8%
decrease in the odds of missing a clinical score (OR 0.92 [95% CI
0.85, 0.99]). Race and ethnicity, household income, and parental
educational attainment were not statistically significantly associated
with missing SLEDAI-2K and/or SDI score.

The sample distributions of characteristics for each method
used to address missing data are described in Supplementary

Table 1, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.25136. As
expected, the greatest variation in study samples was observed
between the 2 samples used in the nonprobabilistic bias analysis,
in which missing values were imputed to the most and least dis-
advantaged groups. Results from the 3 statistical methods used
to address missing data and the association between socioeco-
nomic factors and the SLEDAI-2K score at enrollment are
reported in Table 3. In complete case analysis, 385 participants
were dropped from analysis due to missing data, leaving an ana-
lytic sample of 381. Due to the nature of multiple imputation, each
imputed data set reflected data from all 766 participants. Finally,
in nonprobabilistic bias analyses, 90 participants were dropped
due to missing data on model covariates (age, disease duration,
and time since first seen by a pediatric rheumatologist) and
SLEDAI-2K score, since only the socioeconomic factors were
imputed for the purpose of this study.

The variation in SLEDAI-2K scores associated with socioeco-
nomic factors differed across methods of addressing missing data,
suggesting inverse, positive, or no association. For example, when
compared to private health insurance, government-assisted health
insurance was suggestive of an inverse association with SLEDAI-
2K scores in complete case analysis (β = –1.60 [95% CI –3.76,
0.56]) after controlling for potential confounding due to age, sex
assigned at birth, disease duration, time since first seen by a pedi-
atric rheumatologist, and study site. Further, in similarly adjusted
models using multiple imputation, there was no apparent associa-
tion between government-assisted health insurance compared to

Figure 1. Patterns of missing data in the Childhood Arthritis and Rheumatology Research Alliance Registry, tetrachoric correlations (missing
versus not missing), ranging from perfect negative correlation (−1.0, blue) to perfect positive correlation (1.0, red). PR = pediatric rheumatologist;
SDI = Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage Index; SLEDAI-2K = Systemic Lupus
Erythematosus Disease Activity Index 2000.
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private health insurance (β = –0.07 [95% CI –1.66, 1.81]). Finally, in
nonprobabilistic bias analyses, estimated SLEDAI-2K scores were
slightly elevated when missing data were imputed to the most dis-
advantaged group (no health insurance β = 0.41 [95% CI –0.99,
1.81]) and slightly decreased when missing data were imputed to
the most advantaged group (private health insurance β = –0.22
[95% CI –1.58, 1.14]). Conversely, we observed elevated SLEDAI-

2K scores associated with having no health insurance, compared
to private insurance, across all methods used to address missing
data, ranging from 2.69-fold higher scores (95% CI 0.47, 4.92)
when missing data were imputed to the most disadvantaged
to 4.91-fold higher scores (95% CI 0.13, 9.70) in complete case
analysis. Similar levels of variation in estimates, either in direction
or magnitude, were observed across the 3 methods to address
missing data when assessing the association between socioeco-
nomic factors and SDI at enrollment (see Supplementary Table 2,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25136).

DISCUSSION

This is the first study to systematically assess the impact of
missing data on the interpretation of findings in a pediatric rheu-
matology research setting. Although missing data were most
highly correlated among variables of the same type
(i.e., demographic, socioeconomic, or clinical factors), missing-
ness of clinical data were socioeconomically patterned such that
the odds of missing SLEDAI-2K or SDI scores at enrollment were
noticeably higher among participants who reported government-
assisted insurance compared to private insurance. Using multiple
statistical methods to address missing data (i.e., complete case
analysis, multiple imputation, and nonprobabilistic bias analyses)
and to evaluate the association between socioeconomic factors
and enrollment SLEDAI-2K scores, we observed estimates
across methods that varied in both direction and magnitude and
suggest conflicting conclusions: decreased disease activity, no
difference in disease activity, or elevated disease activity at enroll-
ment in relation to lower socioeconomic position. Notably, this
variation in the results clearly demonstrates how missing data
and the methodology used to address missingness can influence
results and subsequent conclusions derived in observational
studies. Differences in estimated effects would not have been
captured or considered in the interpretation of results if a single
analytic method had been selected. These results support the
use of multiple methods to evaluate the role of missing data in
quantitative analyses and further sensitivity analyses to better
identify the underlying relationship between the exposures and
outcomes of interest.

Similar to other registry studies, the CARRA Registry relies
on longitudinal observational data collection, which makes it vul-
nerable to missing data due to loss to follow-up, missed study
visits, and participant failure to complete visit questionnaires (32).
Proactive measures that reduce the amount of missing data dur-
ing the data collection phase can reduce the dependence on post
hoc solutions in the analytic phase (33). For example, the preva-
lence of missing data in patient registries may be attributed to sev-
eral factors, including training and staffing at registry sites. To
ensure the completion of self-administered questionnaires, the
medical staff may need to routinely check on and assist

Table 2. Association between demographic and socioeconomic
factors and the odds of missing SLEDAI-2K and/or SDI at enrollment
among participants with childhood-onset SLE enrolled in the CARRA
Registry (n = 758)*

Factor OR (95% CI)†

Sex assigned at birth
Male Ref.
Female 1.98 (0.89, 4.42)

Gender
Male Ref.
Female 2.03 (0.91, 4.53)
Other –

Missing –

Age 0.92 (0.85, 0.99)
Race and ethnicity
Asian/NHPI 0.52 (0.22, 1.26)
Hispanic 0.86 (0.47, 1.55)
Non-Hispanic Black/African American 0.63 (0.34, 1.18)
Non-Hispanic other‡ 1.01 (0.44, 2.30)
Non-Hispanic White Ref.
Missing 0.91 (0.19, 4.22)

Household income, $
<25,000 2.57 (0.91, 7.31)
25,000–49,999 1.77 (0.61, 5.11)
50,000–74,999 0.76 (0.21, 2.78)
75,000–99,999 0.41 (0.08, 2.22)
100,000–150,000 1.98 (0.63, 6.21)
>150,000 Ref.
Prefer not to answer 1.92 (0.69, 5.36)
Missing 1.24 (0.40, 3.83)

Parental educational attainment
<High school 0.93 (0.41, 2.11)
High school graduate or GED 0.62 (0.31, 1.23)
College 0.57 (0.31, 1.08)
Graduate school Ref.
Missing 0.40 (0.18, 0.91)

Insurance status
Private Ref.
Government-assisted 2.04 (1.22, 3.41)
Other, including non-US insurance 0.88 (0.32, 2.39)
None 1.19 (0.26, 5.45)
Missing 2.53 (1.01, 6.34)

* Excludes 8 participants missing age-related variables. 95%
CI = 95% confidence interval; CARRA = Childhood Arthritis and Rheu-
matology Research Alliance; GED = General Educational Develop-
ment Test; NHPI = Native Hawaiian or Pacific Islander; OR = odds
ratio; Ref. = reference; SDI = Systemic Lupus International Collabo-
rating Clinics/American College of Rheumatology Damage Index;
SLE = systemic lupus erythematosus; SLEDAI-2K = Systemic Lupus
Erythematosus Disease Activity Index 2000
† Models run separately for each demographic or socioeconomic
factor and adjusted for age (except age model), disease duration at
enrollment (continuous), and time since first seen by a pediatric
rheumatologist (continuous).
‡ Native American or Alaska Native, Middle Eastern, North African,
race not previously mentioned, multiracial.
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participants during data collection. The identification of missing
data after a questionnaire is submitted may require the medical
or registry staff to take additional steps to complete the missing
variables (34), which may not be feasible at understaffed sites
due to lack of time, resources, or training to monitor missing data.
However, individuals who are experienced with data collection
associated with patient registries may be more inclined to assist
participants while filling out questionnaires, assess for missing
data after the study visit, and subsequently follow-up with partici-
pants for questionnaire completion (34,35).

To attempt to mitigate the impact of these concerns on data
completeness in the CARRA Registry, the clinical and data coor-
dinating center provides thorough training for registry site staff,
including best practices for administering questionnaires and
capturing critical registry data. This training is repeated periodi-
cally to account for ongoing site staff turnover. Additionally, the
registry’s database includes automated validation checks that
flag fields with missing data for the site to review. These validation

checks are especially useful for clinical data that may be readily
available for extraction from the medical record. Despite these
efforts, institutional barriers that facilitate incomplete data may
persist or evolve over time, and therefore, regular evaluation of
ongoing data collection efforts are needed to limit data
missingness.

In addition to institutional barriers that may hinder data col-
lection, missing data can also occur when participants either
avoid questions that address sensitive topics or suffer from
respondent fatigue and fail to complete the full questionnaire
(36). Of the variables with missing data across the CARRA Regis-
try, household income had the highest level of missingness. Par-
ticipants may feel uncomfortable disclosing personal income
information if they consider it sensitive information (34). Further,
accurately describing income may be challenging for participants
with unstable income or employment who may opt to defer or
leave the item blank. Informing patients about how their identity
will be protected when their data are used may be beneficial,

Table 3. Associations between socioeconomic factors and SLEDAI-2K score at enrollment among participants with childhood-onset systemic
lupus erythematosus enrolled in the CARRA Registry using different analytic methods to address missing data*

Nonprobabilistic bias analysis (n = 676)

Complete case
analysis (n = 381)

20 multiple
imputations (n = 766)

Imputed most
disadvantaged/
marginalized

Imputed least
disadvantaged/
marginalized

Race and ethnicity
Asian/NHPI 2.33 (–0.80, 5.45) 1.31 (–0.79, 2.90) 1.79 (–0.25, 3.83) 1.58 (–0.42, 3.59)
Hispanic 0.60 (–1.79, 2.99) 1.22 (–0.46, 2.90) 1.48 (–0.18, 3.13) 1.07 (–0.56, 2.69)
Non-Hispanic Black/
African American

–0.58 (–2.80, 1.65) 0.18 (–1.42, 1.78) 0.25 (–1.28, 1.79) 0.00 (–1.53, 1.54)

Non-Hispanic other† 0.51 (–2.56, 3.58) 2.00 (–0.31, 4.32) 1.87 (–0.36, 4.10) 1.91 (–0.31, 4.12)
Non-Hispanic White Ref. Ref. Ref. Ref.

Household income, $
<25,000 1.89 (–1.79, 5.56) –0.50 (–3.46, 2.46) –1.36 (–3.60, 0.89) 0.88 (–0.93, 2.69)
25,000–49,999 1.06 (–2.24, 4.37) –0.29 (–2.97, 2.40) –0.25 (–2.78, 2.27) 1.08 (–0.62, 2.79)
50,000–74,999 0.66 (–2.50, 3.82) –0.62 (–3.11, 1.87) –0.60 (–3.18, 1.97) 0.58 (–1.31, 2.46)
75,000–99,999 1.46 (–1.71, 4.63) 0.14 (–2.46, 2.74) 0.39 (–2.29, 3.06) 1.37 (–0.73, 3.47)
100,000–150,000 0.12 (–3.03, 3.27) 0.06 (–2.49, 2.62) 0.11 (–2.52, 2.74) 1.13 (–0.93, 3.19)
>150,000 Ref. Ref. Ref. Ref.

Parental educational
attainment

<High school 1.03 (–2.75, 4.81) 0.70 (–1.95, 3.34) 0.46 (–1.59, 2.51) 1.10 (–1.05, 3.25)
High school grad or
GED

1.28 (–1.45, 4.01) 1.18 (–1.04, 3.40) 1.06 (–0.98, 3.10) 0.85 (–0.74, 2.45)

College 0.95 (–1.41, 3.30) 0.90 (–1.02, 2.82) 0.89 (–0.95, 2.73) 0.76 (–0.67, 2.18)
Graduate school Ref. Ref. Ref. Ref.

Insurance status
Private Ref. Ref. Ref. Ref.
Government-assisted –1.60 (–3.76, 0.56) 0.07 (–1.66, 1.81) 0.41 (–0.99, 1.81) –0.22 (–1.58, 1.14)
Other, including
non-US insurance

–1.09 (–5.81, 3.64) –1.71 (–4.70, 1.27) –1.59 (–4.49, 1.30) –1.94 (–4.78, 0.90)

None 4.91 (0.13, 9.70) 3.81 (0.05, 7.57) 2.69 (0.47, 4.92) 3.58 (0.13, 7.04)

* Values are the β (95% confidence interval), except for multiple imputations (second column), which shows the mean β. Models were adjusted
for age (continuous), sex assigned at birth (male, female, other), disease duration at enrollment (continuous), time since first seen by a pediatric
rheumatologist (continuous), and study site (categorical). CARRA = Childhood Arthritis and Rheumatology Research Alliance; GED = General
Educational Development Test; NHPI = Native Hawaiian or Pacific Islander; Ref. = reference; SLEDAI-2K = Systemic Lupus Erythematosus Dis-
ease Activity Index 2000.
† Native American or Alaska Native, Middle Eastern, North African, race not previously mentioned, multiracial.
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along with explaining the reasons why sensitive information, such
as income, is important to the research question. In lieu of individ-
ually reported income data, area level data, such as the area dep-
rivation index or the social vulnerability index, can be used to
supplement missing socioeconomic data or corroborate reported
values (37,38).

When missing data persist despite these preventative mea-
sures, strategies for dealing with missing data vary, and best
practices depend on the study design, the distribution of missing-
ness, and the underlying assumptions about the structure of the
data and reasons contributing to data missingness (39,40). Being
intentional about the presence of missing data and the use of mul-
tiple methods to assess missing data can help to elucidate the
impact of selection bias, confounding, and exposure misclassifi-
cation on the interpretation of results (41) and facilitate critical
assessment of potential causal statements that would otherwise
have the potential to under- or overestimate existing health
inequities.

Although the use of multiple imputation to address missing
data in medical research and clinical trials has gained traction
(42,43), these methods have yet to become standard practice in
epidemiologic studies in pediatric rheumatology. When looking
at prior CARRA Registry research studies, we found that while
many reported missing data, most used complete case analysis
methods (7,8,44), and only a few CARRA Registry studies con-
ducted sensitivity analyses or used multiple imputation to address
missing data and to assess its impact on study results (11,20).
These trends are similar to those observed in studies published
in key rheumatology journals (17). However, when data are not
missing at random, complete case analysis can bias study results,
and when missing data are socially patterned, they can introduce
systematic biases that can have subsequent health equity impli-
cations. Many pediatric rheumatology researchers may not be
aware of how different patterns of missing data may impact study
results and their interpretation.

We recommend, therefore, that 1) attempts be made to
reduce the potential for missing data during the study planning
and implementation phases, 2) trained statistical personnel be
included in multidisciplinary research teams to help identify and
address persisting issues related to missing data, 3) authors be
transparent about their missing data by reporting missing values
and the methods used to address the missingness, and 4) results
be thoughtfully interpreted after considering the impact of any
missing data and the methods used to mitigate their effect.

A primary limitation of this study relates to the creation of the
analytic sample. We excluded participants classified as having
childhood-onset SLE per SLICC diagnostic criteria who did not
fulfill at least 4 ACR criteria for SLE or did not have renal involve-
ment and fulfill 2 additional criteria (n = 159) in order to support
generalizability among youth diagnosed with childhood-onset
SLE. As a result, we did not capture potential missing data related
to childhood-onset SLE diagnosis. Furthermore, whereas the

CARRA Registry includes thousands of variables, as well as addi-
tional complications related to the collection of prospective longi-
tudinal data, in this proof-of-concept study, we included a
limited number of pertinent variables collected at enrollment to
demonstrate the potential health equity implications of missing
data. Additional analyses may be warranted to fully assess the
impact of missing data across more variables. Further, the inclu-
sion of additional variables that are correlated with missingness
of our variables of interest could potentially improve the quality of
the imputation models (45).

The methods presented in this study address missing data
within the analytic sample, which is also limited by the sample of
participants who consent to participate in the CARRA Registry.
Our methods do not address the overall representativeness of
youths with childhood-onset SLE who are not captured in the
CARRA Registry because they are not approached for research,
are not treated at a CARRA Registry site, or are not seen by a
pediatric rheumatologist due to workforce shortages. Although
there are methods to help address potential selection bias
(i.e., probability weights), dedicated research is needed to eluci-
date what populations may be underrepresented from the under-
lying population of interest.

Finally, the reason for data missingness is unknown
(e.g., due to missing at random, differences in research workflows
between sites, participant refusal to answer specific questions,
etc.). Further assessment of these reasons could help to inform
reporting biases and subsequent health equity implications. Tar-
geted interventions to improve reporting among groups where
missing data are demonstrably higher may be warranted. Despite
these limitations, this study sheds light on the potential impacts of
missing data in pediatric rheumatology research and their role in
how results may be interpreted.

Every health registry and corresponding database has
missing data. Previous studies have relied heavily on complete
case analysis to test study hypotheses; however, these prac-
tices can misrepresent existing biases. In this study, we dem-
onstrate the wide variation in results that may occur when
using different statistical methods to address missing data.
Our findings highlight the need in pediatric rheumatology
research for 1) careful review of study data to identify patterns
of missingness and 2) selection of appropriate methodology
to handle missing data to ensure that misleading findings do
not exacerbate existent health inequities.
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Development of American College of Rheumatology Quality
Measures for Systemic Lupus Erythematosus: A Modified
Delphi Process With Rheumatology Informatics System for
Effectiveness (RISE) Registry Data Review
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Objective. We aimed to develop readily measurable digital quality measure statements for clinical care in systemic
lupus erythematosus (SLE) using a multistep process guided by consensus methods.

Methods. Using a modified Delphi process, an American College of Rheumatology (ACR) workgroup of SLE
experts reviewed all North American and European guidelines from 2000 to 2020 on treatment, monitoring, and pheno-
typing of patients with lupus. Workgroup members extracted quality constructs from guidelines, rated these by impor-
tance and feasibility, and generated evidence-based quality measure statements. The ACR Rheumatology Informatics
System for Effectiveness (RISE) Registry was queried for measurement data availability. In 3 consecutive Delphi ses-
sions, a multidisciplinary Delphi panel voted on the importance and feasibility of each statement. Proposed measures
with consensus on feasibility and importance were ranked to identify the top 3 measures.

Results. Review of guidelines and distillation of 57 quality constructs resulted in 15 quality measure statements.
Among these, 5 met high consensus for importance and feasibility, including 2 on treatment and 3 on laboratory mon-
itoring measures. The 3 highest-ranked statements were recommended for further measure specification as SLE digital
quality measures: 1) hydroxychloroquine use, 2) limiting glucocorticoid use >7.5 mg/day to <6 months, and 3) end-
organ monitoring of kidney function and urine protein excretion at least every 6 months.

Conclusion. The Delphi process selected 3 quality measures for SLE care on hydroxychloroquine, glucocorticoid
reduction, and kidney monitoring. Next, measures will undergo specification and validity testing in RISE and US rheu-
matology practices as the foundation for national implementation and use in quality improvement programs.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic

autoimmune disease associated with significant morbidity and

premature mortality. Studies have characterized numerous dis-

parities in health care access and quality among people with

SLE (1). Efforts to improve care for patients with SLE are needed.

Digital quality measures leverage electronic health records
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(EHRs), claims, registries, and other digital data by facilitating

timely monitoring and improvement of health care quality on a

population level (2). Currently, several digital electronic clinical

quality measures are tracked in the Rheumatology Informatics

System for Effectiveness (RISE) Registry for rheumatoid arthritis

and other conditions. Yet to date, among measures by the

National Quality Forum, Centers for Medicare and Medicaid

Services, and 25 American College of Rheumatology (ACR)

measures, not one is specific to SLE (3).
As part of a collaboration between the Centers for Disease

Control and Prevention and the ACR, we sought to develop can-
didate quality measures for SLE based on available guidelines that
could leverage longitudinal EHR data and the ACR RISE registry.
Additionally, we aimed to evaluate the importance and feasibility
of potential measures, with the goal of prioritizing up to 3 mea-
sures for detailed testing. The ultimate goal is for eventual use of
these SLE-specific digital quality measures in various national
quality programs, including as part of the Centers for Medicare
and Medicaid Services value-based care payment program
known as the Quality Payment Program.

MATERIALS AND METHODS

We assembled an ACR workgroup of 10 SLE experts
(see Supplementary Table 1, available on the Arthritis

Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.25143), including practicing rheumatologists and
researchers from diverse geographic and rural-urban settings
across the US and Canada. Members of the workgroup were
selected based on a range of expertise in treating patients with
SLE, health services research, research using longitudinal data

from EHRs, and quality measure development. Proposed qual-
ity measure statements, evidence summaries, and feasibility
data developed by the workgroup were subsequently reviewed
by a 17-member invited multidisciplinary Delphi panel, including
rheumatologists, nephrologists, and a patient representative.
With oversight from the workgroup, candidate measure
development included 5 phases (Figure 1): 1) literature review
with identification of evidence-based SLE quality constructs, 2)
evaluation of the importance and feasibility of these constructs,
3) development of IF/THEN statements for SLE quality
measures, 4) assessment of data availability in the RISE
registry, and 5) modified Delphi exercise (4), with evaluation
and prioritization of final proposed measure statements. A
priori, we planned to advance up to 3 statements with high
consensus for importance and feasibility, for further develop-
ment, testing, and eventual implementation as digital quality
measures.

Phase I: literature review and identification of
evidence-based SLE quality constructs. With assistance
from a professional librarian, we conducted a literature search
with PubMed, using medical subject heading (MeSH) terms for
“systemic lupus erythematosus,” “lupus,” “lupus nephritis,” and
“practice guideline,” and excluding the terms “child,” “infant,” or
“adolescent,” to identify all North American and European guide-
lines from 2000 to 2020 that focused on SLE or lupus nephritis
(LN) management in adults. We similarly searched Ovid MEDLINE
and Ovid Embase (see Supplementary Figure 1, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.25143). We reviewed all peer-reviewed,
published studies in English with full text available. When the
same society published updated guidelines within the date range,
the most recent version was included.

ACR workgroup members reviewed guidelines meeting
inclusion criteria to develop a list of all potential quality constructs
across 3 domains agreed upon a priori: SLE treatment, monitor-
ing, and phenotyping. The workgroup selected these domains
as being highly specific to SLE. Guideline recommendations in
domains of preventive care (i.e., reproductive health, osteoporo-
sis prevention) were excluded, since these concepts were not
SLE specific.

Phase II: SLE quality construct importance and
feasibility evaluation. The ACR workgroup rated the impor-
tance and feasibility of the preliminary constructs with an asynchro-
nous web survey using a 9-point Likert scale (4,5). Importance was
specified as important for high-quality SLE care on a population

SIGNIFICANCE & INNOVATIONS
• Despite significant morbidity and mortality among

patients with lupus, none of the 25 American
College of Rheumatology (ACR) quality measures
specifically targets lupus.

• In collaboration with the ACR, multidisciplinary
experts conducted a guideline review and modified
Delphi process to generate and prioritize evidence-
based quality measure statements for lupus.

• Emphasizing strong public health potential, panel-
ists recommended 3 quality measures: 1) hydroxy-
chloroquine use, 2) limiting glucocorticoid doses
exceeding 7.5 mg daily to 6 months or less, and
3) measuring kidney function and urine protein at
least as often as every 6 months.
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level. The highest score was 9 (extremely important) and the lowest
was 1 (not important). Feasibility specified whether an item would
be feasible for implementation as a digital quality measure, using
EHR or other electronic health information. The highest score was
9 (extremely feasible) with the lowest score of 1 (not feasible). Incor-
porating the RAND/University of California Los Angeles (UCLA)
appropriateness method (6), consensus for high importance or
high feasibility was defined a priori as ≥60% of ratings ≥7 and as
≤1 rating ≤3, respectively, after excluding 1 extreme low (i.e., 1–2)
and 1 extreme high rating (i.e., 8–9) (4,5).

Phase III: SLE quality measure IF/THEN statement
development. Informed by these ratings of the quality measure
constructs, the workgroup then developed candidate IF/THEN
statements for SLE quality measure constructs and accompany-
ing evidence summaries. IF statements defined eligibility for the
measures. All measures included adult populations age

≥18 years with SLE (7) or LN, and clinical exclusions by measure
were proposed (8). THEN statements defined quality measure
indicators as reflected in guideline literature.

Phase IV: data availability and preliminary gaps in
candidate SLE qualitymeasures. Next, we queried data from
the ACR’s RISE registry to inform the feasibility of implementing
the candidate SLE quality measures using data derived from the
EHR, as well as to assess potential gaps in meeting these candi-
date measures to help inform the potential public health impact
of implementation. RISE is a national registry that collects EHR
data from rheumatology practices across the US, including
1,000 US rheumatologists (3). Available RISE data included diag-
nostic codes, medications, and laboratory data captured in struc-
tured EHR fields but did not include unstructured fields
(i.e., narrative text, clinical notes, pathology reports, and other
scanned documents).

We identified all participating RISE practices and patients
who met published definitions of SLE or LN (7,8). For each
IF/THEN statement, we assessed the proportion of RISE prac-
tices with relevant data available and the preliminary proportion
of patients who met the candidate measures in 2019. Failure to
enter the numerator of a measure could reflect a lack of data avail-
ability or an actual gap in care. Findings were incorporated into a
comprehensive evidence summary for the 15 candidate mea-
sures (see Supplementary Appendix A, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.25143). This summary references relevant guideline
recommendations, evidence, and RISE data availability that was
shared with the panel in the project’s next phase. The Western
Institutional Review Board determined that RISE is a quality
improvement registry deemed minimal risk with a waiver of indi-
vidual informed consent.

Phase V: modified Delphi process and final
prioritization. The Delphi panel convened 4 virtual video con-
ference meetings in November 2021, December 2021, January
2022, and February 2022 and completed 2 rounds of ratings for
each IF/THEN quality measure statement. A final Delphi round
was conducted to rank measures and arrive at a final group of
3 recommended measures. Before each meeting, the panel
members were instructed to review several IF/THEN statements
and the evidence summaries document and to complete the first
round of rankings via an anonymous premeeting online survey.
The panelists asynchronously ranked each IF/THEN statement
for importance for high quality SLE care and feasibility for imple-
mentation as a digital quality measure. Importance was rated on
a 4-point Likert scale (A–D), with the highest score A (extremely
important) and the lowest score D (not important). Feasibility
was rated on a 9-point Likert scale (range 1–9), with the highest
score 9 (extremely feasible) and the lowest score 1 (definitely not
feasible). A priori, consensus for importance was defined as

Reviewed literature of SLE & LN treatment 
guidelines N. America & Europe 2000-2020 

(n= 10/85 met inclusion)

Synthesized evidence and identified 57 SLE 
quality constructs 

SLE expert panel rated importance and 
feasibility of the constructs by web survey 

using 9-point Likert scale 

Developed 15 IF, THEN Quality Measure 
Statements for SLE 

 Delphi panel rated importance (4-pt scale) 
and feasibility (9-pt scale) of IF, THEN 

statements  

Delphi panel ranked candidate quality 
measures with high consensus for public 

health impact, resulting in 3 final measures 

Assessed preliminary data availability in 
ACR RISE registry  

Phase 1 

Phase 2 

Phase 3 

Phase 4 

Phase 5 

Figure 1. Overview of the process to develop digital quality mea-
sures for systemic lupus erythematosus (SLE). ACR = American
College of Rheumatology; LN = lupus nephritis; RISE = Rheumatol-
ogy Informatics System for Effectiveness.
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≥60% of ratings A–B and ≤1 rating of D, after excluding 1 extreme
low (i.e., D) and 1 extreme high rating (i.e., A). Consensus for
feasibility was defined as ≥60% of ratings ≥7 and ≤2 rating ≤3,
after excluding 1 extreme low (i.e., 1–2) and 1 extreme high rating
(i.e., 8–9).

During the Delphi meetings, we presented the results of the
premeeting surveys. After discussing each measure, we con-
ducted a real-time second round survey of anonymous ratings
for each measure using the same scales for importance and feasi-
bility. The IF/THEN quality measure statements that reached high
consensus for importance and feasibility on the second round
Delphi surveys were identified. The mean ratings for each state-
ment were calculated and normalized on a 100-point scale, and
statements were ranked from highest to lowest mean importance
followed by highest to lowest mean feasibility.

In the final Delphi meeting, we presented round-2 survey
results and discussed the IF/THEN quality measure statements
that had achieved high consensus for importance and feasibility.
The Delphi panel then completed a real-time, anonymous survey
to rank the highest rated statements in order of perceived public
health benefit. The panel aimed a priori to endorse 2 to 3 quality
measures with the highest public health impact for further specifi-
cation and testing as an SLE quality measure.

RESULTS

Literature review and evidence-based SLE quality
constructs. The literature review identified 85 relevant articles,
and 10 met the inclusion criteria (9–18). The ACR workgroup dis-
tilled 57 quality measure constructs from these guidelines, includ-
ing 15 in the treatment domain, 24 in the monitoring domain, and
18 in the phenotyping domain (see Supplementary Table 2, avail-
able on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25143). Fifteen quality
constructs reached high consensus for importance ratings and
were advanced to generate SLE quality measures posed as
IF/THEN statements (Table 1). We did not exclude constructs that
did not meet consensus for feasibility at this stage.

SLE quality measure IF/THEN statements. Treatment
domain. The treatment domain included 7 quality measures. Nine
guidelines supported the use of hydroxychloroquine by all people
with SLE if there are no contraindications (9–17) including the
2019 EULAR guidelines for SLE, which gave an evidence grade
of 1b/A (9). Evidence supporting the importance for SLE care
included a systematic review including 4 small clinical trials and
multiple observational studies indicating improvement in multiple
outcomes, including lower flare rates, fewer renal relapses,
reduced damage accumulation, improved overall survival,
and possible prevention of thrombosis and atherosclerosis
(14,19–32) (see Supplementary Appendix A, available on the

Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.25143).

The second quality measure statement was to limit
hydroxychloroquine dosing in patients with SLE to ≤5 mg/kg/day
to minimize the risk of toxic retinopathy. This recommendation
had an evidence grade of 3b/C, per 2019 EULAR guidelines, with
evidence linking this dose-threshold to retinopathy risk based on
observational data (23,33), but it lacked evidence linking this dose
threshold with efficacy for SLE treatment.

The third statement focused on limiting the prolonged use of
glucocorticoids to doses to not exceed 7.5 mg/day for
>6 months; this limiting was recommended by 7 guidelines (9–
12,14–16) with an evidence grade of 1b/B (9) based on risks of
long-term glucocorticoid toxicity and organ damage
(9,11,12,14,15,34–43). Six months was designated as the maxi-
mal duration for higher glucocorticoid dosing based on recom-
mended induction regimens for LN and other organ-threatening
disease (10).

Next, 4 quality measures pertained to LN treatment, includ-
ing the induction regimen for International Society of Nephrol-
ogy/Renal Pathology Society class III/IV LN, maintenance
treatment for class III/IV LN, maintenance treatment for class V
LN, and the use of angiotensin-converting enzyme (ACE) inhibi-
tors or angiotensin receptor blockers (ARBs) (10,11,13,16,17).
Induction treatment for class III/IV was recommended by
9 guidelines (9–17), with evidence from a systematic review of
randomized controlled trials (RCTs), and rated grade 1a/A from
2019 joint EULAR and European Renal Association–European
Dialysis and Transplant Association (EULAR/ERA-EDTA) guide-
lines for LN (10) level A by 2012 ACR guidelines for LN (13) and
rated grade 1b from 2012 consensus guidelines from the
Systemic Autoimmune Disease Group of the Spanish Society of
Internal Medicine and the Spanish Society of Nephrology (17).
Voclosporin and belimumab were approved as adjunctive but
not stand-alone therapies for LN at the time of this review, and
were not yet incorporated into published treatment guidelines,
so they were not included in the quality measure statement. Class
III/IV maintenance had a similar level of evidence. The IF/THEN
statement on class V maintenance regimen was rated grade
2b/B per 2019 EULAR/ERA-EDTA guidelines for LN based on
evidence from small clinical trials and cohort studies. The use of
ACE/ARBs by patients with LN with over 0.5 grams/day protein-
uria and with no contraindications (e.g., pregnancy or low blood
pressure) was recommended by 6 guidelines and largely
based on RCT data in patients with diabetic nephropathy; data
were extrapolated for LN, with 1 observational study in LN
(10,11,13,14,16,17).

Monitoring domain. Themonitoring domain included 2 quality
measure statements for periodic laboratory monitoring, including
SLE serologic testing and end-organ monitoring (i.e., nephritis,
cytopenias), as well as 1 measure statement for disease activity
monitoring using a validated instrument (e.g., SLE Disease Activity
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Index, British Isles Lupus Assessment Group). Multiple guidelines
recommended periodic monitoring of anti–double-stranded DNA
(anti-dsDNA) and complement c3 and c4 levels, although
recommended frequencies varied or were not specified
(10,11,13,15,17,18). Monitoring for LN with urine protein, serum
creatinine kidney function, or both, with or without complete

blood count monitoring, was recommended by multiple
guidelines, with frequencies of at least every 6 months
(10,11,13–15,17,18). Recommendations to monitor urine protein
and creatinine were grade 1A and 2B, respectively, per 2019
EULAR/ERA-EDTA guidelines (10). Kidney monitoring is requisite
for prompt treatment to improve kidney outcomes and prognosis

Table 1. Candidate quality measures for adults with SLE*

Domain IF/THEN quality measure statement

Treatment HCQ use
IF a patient has SLE,
THEN they should have a prescription for HCQ in the measurement year unless a contraindication or adverse event is

documented in the medical record
Treatment HCQ dose
IF a patient with SLE is receiving HCQ,
THEN the most recent dose prescribed should be ≤5 mg/kg/day

Treatment Limit glucocorticoid use
IF a patient has SLE,
THEN the glucocorticoid dose should not exceed 7.5 mg/day of prednisone (or equivalent) for more than 6 months

Treatment Lupus nephritis class III/IV induction
IF a patient with SLE has new class III or IV nephritis and is not pregnant,
THEN induction therapy with mycophenolate or intravenous cyclophosphamide should be administered within 3 months of

kidney biopsy or diagnosis
Treatment Lupus nephritis class III/IV maintenance
IF a patient with SLE has been diagnosed with class III or IV nephritis and is not pregnant,
THEN they should be placed on therapy for at least 2 years with mycophenolate, azathioprine, or a calcineurin inhibitor

Treatment Lupus nephritis class V maintenance
IF a patient with SLE has been diagnosed with class V nephritis,
THEN they should be placed on therapy for at least 2 years with either mycophenolate, a calcineurin inhibitor, or azathioprine

Treatment ACE/ARB use in lupus nephritis
IF a patient with lupus nephritis has proteinuria of >0.5 grams/24 hours on 2 occasions,
THEN they should be treated with an ACE inhibitor or ARB in the absence of contraindications

Monitoring End-organ laboratory monitoring in SLE
IF a patient has SLE,
THEN measurement of both kidney function and protein excretion (urinalysis and/or quantitative measurement) should be

performed at least every 6 months
Monitoring End-organ lab monitoring in lupus nephritis
IF a patient has a history of lupus nephritis,
THEN CBC, urinalysis, and quantitative measurement of kidney function and protein excretion should be performed every 3

months
Monitoring SLE disease activity or damage
IF a patient has SLE,
THEN disease activity should be measured using a validated instrument at more than half of visits in the measurement year

Monitoring SLE periodic serology results
IF a patient has SLE,
THEN the serum complements c3/c4 and anti-dsDNA antibody levels should be checked at least every 6 months

Phenotype End-organ laboratory results at SLE diagnosis
IF a patient has SLE,
THEN CBC, creatinine, urinalysis, and a measure of urine protein should be performed within 6 months of diagnosis

Phenotype SLE diagnosis serology results
IF a patient has SLE,
THEN ANA, anti-dsDNA antibody, anti-Smith antibody, c3, and c4 should be performed within 6 months of diagnosis

Phenotype Kidney biopsy indications
IF a patient with SLE has new persistent (e.g., ≥500 mg of proteinuria in 24 hours on 2 occasions), and/or worsening of serum

creatinine (>30% elevation from baseline) and has not had prior lupus nephritis diagnosis or biopsy within 1 year,
THEN a referral for a kidney biopsy should be placed

Phenotype Antiphospholipid antibody laboratory testing at SLE diagnosis
IF a patient has SLE,
THEN antiphospholipid antibodies (anticardiolipin IgG and IgM, β2 glycoprotein IgG and IgM, and lupus anticoagulant) should be

checked within 1 year of SLE diagnosis

* ACE = angiotensin converting enzyme inhibitor; ANA = antinuclear antibody; ARB = angiotensin receptor blocker; CBC = complete blood
count; dsDNA = double-stranded DNA; HCQ = hydroxychloroquine; SLE = systemic lupus erythematosus.
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(44,45). Routine monitoring of disease activity was EULAR rec-
ommended, aiming at remission or low disease activity, but
EULAR did not recommend specific validated instruments or fre-
quency. Monitoring was recommended by Canadian and British
Society of Rheumatology guidelines as grade B, with a low level
of evidence for impacting SLE outcomes (14,18).

SLE phenotyping domain. The SLE phenotyping domain
included 4 IF/THEN statements. Three included laboratory
assessment at the time of SLE diagnosis, including antiphospho-
lipid antibody (aPL) testing, SLE-specific serologic testing
(e.g., antinuclear antibodies [ANAs], anti-dsDNA antibody, anti-
Smith antibody, c3, and c4), and end-organ monitoring, including
a complete blood count to identify cytopenias and urinalysis
and kidney function to assess for LN (9,10,13–15,17,18). Testing
for aPLs was recommended by multiple guidelines
(9,10,14,17,18) with a grade of 1A per the 2019 EULAR SLE
treatment guidelines (9). The fourth IF/THEN statement in the phe-
notyping domain pertained to indications for kidney biopsy,
including the identification of new, persistent proteinuria and/or
unexplained worsening kidney function as recommended by mul-
tiple guidelines, with a grade of B-C level evidence (9–17) (see
Supplementary Appendix A, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.25143).

Data availability and preliminary identification of
measure gaps in the RISE Registry. Across 226 practices
representing >1,000 rheumatologists in the RISE registry (3), we
identified 35,859 patients with SLE and 4,826 patients with LN
who had at least 2 rheumatology visits in 2019. Over 70% of
patients were seen in single-specialty rheumatology practices;
the mean number of annual visits was 4.2. Practice-level data
availability assessments showed that at least 1 source of medica-
tion records (e.g., medication reconciliation tables) was available
for all RISE practices. Medication dose, required to assess candi-
date measures of safe dosing, was most often available via
e-prescriptions or orders (versus medication reconciliation lists);
e-prescriptions or orders were available for 73% of practices for
hydroxychloroquine and 56% for glucocorticoids. Laboratory
monitoring of anti-dsDNA, complement, and urinalysis or quanti-
tative urine protein were each available in >50% of practices. Only
6% of practices had structured data available containing kidney
biopsy procedure codes or nephrology consult orders. LN class
and dates of SLE/LN diagnosis were not reported in structured
EHR fields.

Regarding preliminary measure-specific, patient-level data,
63% of patients with SLE had any documentation of hydroxy-
chloroquine use in the assessment year (46). Among hydroxy-
chloroquine users with dosing information available, 67%
received hydroxychloroquine at doses ≤5 mg/kg (see Supple-
mentary Appendix A, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.

25143). Hydroxychloroquine prescription dosing instructions or
body weight values were missing for 29%. Few (0.3%) had a
documented contraindication to hydroxychloroquine use
according to International Classification of Diseases (ICD) codes
for toxic retinopathy.

Glucocorticoids were used by 48% of patients with SLE in
2019. Over half (56%) of glucocorticoid users had prescription
dosing instructions available, and 91% had pill size. The propor-
tion using >7.5 mg/day for >6 months in 2019 was not readily
available; as previously reported, 18.5% of glucocorticoid users
with SLE in RISE used >7.5 mg/day for >90 days in 2018 (47).

Because the LN class was not available using structured
data such as ICD codes, the proportions of patients with LN
receiving recommended induction and maintenance therapy
according to LN class are unknown. Just over one-third (36%) of
patients with LN had documentation of ACE/ARB use. For end-
organ monitoring, only 27% of patients with SLE and 32% with
LN had ≥1 urinalysis or quantitative urine protein documented in
2019. For serologic monitoring, 51% with SLE had ≥1 anti-
dsDNA test and 37% had ≥1 c3 or c4 test documented in 2019.
Regarding phenotype, ANA was available in structured EHR fields
for 59% of SLE patients, likely because historic data or outside
testing were not captured. The proportion with serology results
at SLE diagnosis is likewise unknown. Fewer than 1% of patients
had an SLE-specific disease activity score (e.g., Systemic Lupus
Erythematosus Disease Activity Index) documented, although
39% with SLE had a Routine Assessment of Patient Index Data
score reported on ≥1 occasion, which is not a lupus-specific
measure. This preliminary data assessment was presented to
the Delphi panel to inform discussions regarding measure feasibil-
ity during the project’s next phase.

Delphi panel discussion, ratings, and SLE quality
measure endorsement. Of the 15 IF/THEN statements con-
sidered by the Delphi panel, 5 met high consensus for importance
and feasibility: hydroxychloroquine use, limiting glucocorticoid
doses exceeding 7.5 mg/day to ≤6months, standardized screen-
ing for LN with end-organ monitoring for kidney function and urine
protein excretion at least every 6 months, SLE serology results at
diagnosis (e.g., ANA, anti-dsDNA antibody, anti-Smith antibody,
c3, and c4), and end-organ laboratory evaluation at diagnosis
(Table 2).

In the treatment domain, hydroxychloroquine was noted to
have benefits on multiple outcomes, including SLE disease activ-
ity, damage accumulation, and overall survival, and measuring
prevalent hydroxychloroquine use would be feasible using EHR
data. However, discussions regarding a hydroxychloroquine dos-
ing quality measure included the paucity of data regarding the
impact of dose thresholds on SLE outcomes as well as the
emerging role of hydroxychloroquine blood levels in guiding
dosing.
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Glucocorticoid toxicity was noted as a major problem for
patients with SLE and LN; reducing glucocorticoid exposure has
the potential to reduce long-term harm as well as improve out-
comes. Discussion of this measure included the challenges of
assessing glucocorticoid dose from EHR data, from pill size and
number dispensed, since patients may be instructed on increases
or tapers that are not documented on the prescription. Panelists
discussed ongoing work in the RISE registry to make steroid dose
and duration interpretation possible. Discussion of measure
thresholds for glucocorticoid dose and timing included evidence
of harm over 7.5 mg daily and usual induction periods for severe
manifestations of SLE, such as LN, of approximately 3–6 months.

In the laboratory monitoring domain, the panel noted a
strong consensus regarding the evidence to recommend cre-
atinine kidney function and urinary protein monitoring due to
the morbidity associated with LN and the need for its prompt
treatment. The panel concluded that either a quantitative or
qualitative urine protein measurement could fulfill this measure
but preferred quantification. Overall, a quality measure to
screen for or monitor LN among all patients with SLE was con-
sidered of broader public health impact than more frequent
end-organ kidney monitoring limited only to patients with
established LN.

In the disease phenotyping domain, discussion included the
major challenge of identifying incident SLE and LN in EHR data
as well as gaps in historic data. Baseline serologic testing and
screening for LN or flare reached consensus for importance and
feasibility but had lower average rankings than the 3 measures
that achieved consensus (Table 2).

The Delphi panel discussions of remaining candidate
SLE quality measures that did not reach consensus for
importance and feasibility are reported in Supplementary
Appendix A, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.
25143. The final rankings for the top 3 recommended state-
ments for patients with SLE were: 1) hydroxychloroquine
use, 2) limiting glucocorticoids (to not exceed 7.5 mg/day
for >6 months), and 3) end-organ monitoring of kidney func-
tion and urine protein excretion at least every 6 months
(Table 3).

Future agenda. The Delphi panel endorsed a future
infrastructure agenda to include building capacity to: 1) accu-
rately capture SLE and LN diagnosis dates, 2) identify LN
class, such as with new ICD codes for specific International
Society of Nephrology/Renal Pathology Society LN

Table 2. Delphi consensus results for quality measure statements*

IF/THEN statements
Consensus for high

importance
Mean

importance
Consensus for high

feasibility
Mean

feasibility

1. Treatment: HCQ use yes 97.9 yes 83.3
2. Treatment: HCQ dose no 61.7 no 63.7
3. Treatment: limit GC use yes 87.5 yes 77.8
4. Treatment: LN induction yes 100.0 no 59.0
5. Treatment: LN class III/IV

maintenance
yes 92.7 no 60.8

6. Treatment: LN class V
maintenance

no 68.8 no 53.7

7. Treatment: ACE/ARB use
in LN

no 69.6 no 64.1

8. Monitoring: SLE end-organ
laboratory results

yes 92.9 yes 84.6

9. Monitoring: LN end-organ
laboratory results

yes 89.3 no 65.9

10. Monitoring: SLE disease
activity or damage

no 61.7 no 42.2

11 Monitoring: SLE serology
results

no 48.2 yes 82.5

12. Phenotype: end-organ tests
at SLE diagnosis

yes 75.0 yes 85.5

13. Phenotype: SLE diagnosis
serology results

yes 73.1 yes 78.7

14 Phenotype: kidney biopsy
indications

yes 85.7 no 55.6

15. Phenotype: aPL testing at
SLE diagnosis

yes 75.0 no 72.2

* n = 12–17 voters per measure. Importance was assessed on a 4-category ordinal scale (A = 4: extremely impor-
tant; D = 1: not important); feasibility on a 9-point scale (1 = definitely not feasible; 9 = extremely feasible). Both were
normalized to a 100-point scale. ACE = angiotensin converting enzyme inhibitor, aPL = antiphospholipid antibody;
ARB = angiotensin receptor blockade; GC = glucocorticoid; HCQ = hydroxychloroquine; LN = lupus nephritis; SLE =
systemic lupus erythematosus.
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classification, and 3) improve interoperability to reliably
retrieve laboratory and pathology results from outside the
rheumatologist’s EHR. These items were deemed important
next steps in the feasibility of additional future digital quality
measures for SLE and LN. The Delphi panel additionally
endorsed a research agenda to include: 1) evidence for
hydroxychloroquine dosing or blood levels and correlation
with SLE outcomes and toxicity risks, 2) evidence for SLE
serologic/biomarker monitoring frequency and correlation
with outcomes, and 3) data on feasibility and impact of dis-
ease activity or damage monitoring in clinical practice. These

items were deemed necessary to advance additional candi-
date SLE quality measures (Table 4).

DISCUSSION

Using a literature review and modified Delphi process, we
developed evidence-based quality measures for the longitudinal
care of patients with SLE. These measures are recommended
for future testing and potential implementation in EHRs, including
the RISE registry. We reached consensus agreement and
Delphi-panel endorsement of the top 3 quality measures for

Table 3. Final rank of quality measure statements with high consensus by public health benefit for quality SLE care*

Final
rank IF/THEN statement

Ranked
first, %

Recommend
inclusion, % Public health impact

First IF a patient has SLE, THEN they
should have a prescription for
hydroxychloroquine on or after the
date of the most recent
rheumatology visit unless a
contraindication or adverse event
is documented in the medical
record

55.6 100 Lower SLE flare rate Fewer kidney relapses
Reduced damage accumulation Pregnancy
safety and benefits Improved survival in
observational studies Possible prevention of
thrombosis and cardiovascular disease (refs.
14,20–33)

Second IF a patient has SLE, THEN the
glucocorticoid dose should not
exceed 7.5 mg/day prednisone (or
equivalent) for more than 6months

33.3 100 Long‐term glucocorticoid therapy can cause
irreversible organ damage Doses ≥7.5 mg/day
indicate patient does not meet lupus low
disease activity state Prednisone dose <7.5 mg/
day is associated with lower risk of cataracts,
osteoporotic fractures, and cardiovascular
disease versus higher dose (refs.
9,12,14,15,19,35–45)

Third IF a patient has SLE, THEN
measurement of both kidney
function and protein excretion
(urinalysis and/or quantitative
measurement) should be
performed at least every 6 months

11.1 100 Spot UPCr correlates with 24‐hour protein in most
studies in detecting nephritis Proteinuria can
indicate lupus nephritis flare and can be used to
monitor treatment response Proteinuria and
creatinine at 6–12 months predict LN prognosis
Low proteinuria at 1 year predicts better long‐
term kidney outcomes (refs. 45,46)

* Items recommended to be included for systemic lupus erythematosus (SLE) quality measure specification and testing in the Rheumatology
Informatics System for Effectiveness registry (n = 9 voters). LN = lupus nephritis; SLE = systemic lupus erythematosus; UPCr = urine protein to
creatinine ratio.

Table 4. Future agenda for systemic lupus erythematosus digital quality measures*

Agenda focus and goal Agenda item

RISE data infrastructure
SLE and LN diagnosis dates are retrievable from EHR data Develop structured data fields across EHRs for SLE disease onset and LN

diagnosis
LN class is retrievable from EHR data Develop structured data fields across EHRs and new ICD codes for specific

International Society of Nephrology/Renal Pathology Society LN classification
All laboratory tests are retrievable from EHR data, including
tests performed outside the EHR

Incorporate outside laboratory tests into structured data fields across EHRs

Research agenda
Consensus for the optimal hydroxychloroquine dosing
strategy, balancing risks and benefits

Conduct research studies correlating hydroxychloroquine dose (or level) with
SLE outcomes and risks

Optimal SLE serologic monitoring frequency is identified
and linked with potential outcomes

Conduct research studies correlating SLE serologic monitoring frequency with
outcomes

Evidence for feasibility and impact of disease activity or
damage monitoring in clinical practice is established

Conduct research studies correlating disease activity or damagemonitoring with
outcomes and evaluating the feasibility of implementing these measures in
clinical practice

* EHR = electronic health record; ICD = International Classification of Diseases; LN = lupus nephritis; RISE = Rheumatology Informatics System
for Effectiveness; SLE = systemic lupus erythematosus.
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SLE, focused on hydroxychloroquine use, limiting the dose and
duration of glucocorticoids, and regular kidney monitoring every
6 months to screen for and monitor LN.

Despite documentation of gaps and disparities in SLE health
care quality over the last decade, implementation of a national
quality measure program to monitor and improve care has
remained elusive (1,48). Multiple factors have posed challenges,
including the low prevalence of SLE disease, heterogeneity in dis-
ease manifestations and severity, a lack of consensus on
outcome measures that are feasible to assess in clinical practice,
and lack of a platform that facilitates quality measurement nation-
ally (1). Although our consensus panel agreed that many of these
factors remain barriers, the robust platform of the RISE registry
has increased the feasibility of advancing measures in several
areas with the potential for significant public health impact in the
care of patients with SLE. Ensuring appropriate use of hydroxy-
chloroquine in eligible patients, reducing glucocorticoid exposure
and associated morbidity, and early detection of LN through
appropriate screening and monitoring all have the potential to
reduce care gaps in SLE to ultimately improve patient outcomes.
Moreover, our preliminary assessment of data in the RISE registry
suggests that measurement is potentially feasible on a national
scale.

Through this process, we also identified several important
constructs for quality SLE care that were not deemed currently
feasible for implementation as digital quality measures. Measures
based on new-onset SLE or LN were limited by data availability,
as the relevant dates of diagnosis and treatment initiation were
not recorded in structured EHR fields. Information on the LN class
was additionally lacking, as were relevant dates of kidney biop-
sies. Therefore, while quality constructs related to LN induction
treatment and maintenance treatment regimens according to LN
class were rated highly important with relatively high-quality evi-
dence, measures based on LN class were rated poorly for feasi-
bility of implementation as digital quality measures. Therefore,
this work informs a future agenda of infrastructure changes to
EHR data availability and documentation (e.g., specific ICD codes
for LN class or hydroxychloroquine retinopathy) that would be
needed to facilitate the implementation of digital quality measures
pertaining to these important quality constructs.

We also identified areas where further evidence is needed,
including hydroxychloroquine dosing or use of hydroxychloro-
quine blood levels to guide dosing, as well as the impact of
serologic monitoring (e.g., anti-dsDNA and complement tests)
and the optimal frequency. Finally, we identified an evidence
gap regarding the feasibility and impact of monitoring disease
activity or damage in clinical practice. Although tracking out-
comes should be a long-term goal of a national SLE quality
measurement program, lack of consensus on an SLE disease
activity measure that is feasible and useful to implement in clin-
ical practice remains a barrier. A separate ACR workgroup is
currently working on advancing a quality measure relating to

patient-reported outcomes as a first step in tracking standard-
ized outcomes in SLE.

Strengths of this work include the use of a rigorous literature
review and modified Delphi process, engaging a multidisciplinary
panel of SLE experts representing various practice settings
across the US and Canada to develop a set of quality measures
for SLE care that are candidates for further development as digital
quality measures and national implementation. A limitation of this
work is that while these recommended SLE quality measures
are based on SLE guidelines, our literature review was limited to
articles published in English and did not consider work published
outside of North America and Europe, before 2000, or after June
2021. In addition, we acknowledge that development of quality
measures is just the first step in developing digital quality mea-
sures and implementing these nationally. Prior to implementation,
detailed measure specifications and testing will need to be under-
taken. Testing will include assessment of measure feasibility
(e.g., data availability, data accuracy, data standards, and work-
flows), measure reliability (e.g., quantification of the proportion of
provider performance variation explained by true quality differ-
ences), measure validity (e.g., ensuring agreement between data
elements and performance scores obtained by automated EHR
abstraction and manual abstraction of the same information).
Measures that are feasible, reliable, and valid will then be imple-
mented in the RISE registry as part of a comprehensive quality
improvement effort in SLE.

In conclusion, we present the first ACR quality measures for
SLE, based on a rigorous, modified Delphi process involving an
expert panel, informed by systematic literature review and initial
feasibility testing. Prioritizing the future public health impact,
Delphi experts recommended 3 digital quality measures focused
on hydroxychloroquine use, limiting glucocorticoid use, and kid-
ney monitoring. Ultimately, these efforts aim to implement vali-
dated digital quality measures within US rheumatology practices
to improve SLE outcomes.
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Barriers and Enablers in the Use of Parenteral Methotrexate
in Rheumatoid Arthritis Patients: A Scoping Review

Jiun Ming Tan,1 Emily Reeve,2 Lauren Fraser,1 Susanna M. Proudman,3 and Michael D. Wiese1

Objective. Methotrexate (MTX) is effective in controlling disease activity in rheumatoid arthritis (RA). Parenteral
MTX may have benefits over oral MTX, but it is rarely used in practice. To better understand this low usage rate, it is
necessary to explore the barriers and enablers of therapy from the perspective of RA patients. The objectives of this
scoping review were to describe RA patients’ perspectives on the barriers and enablers in the use of parenteral MTX
and to identify the research gaps in this field.

Methods. The search was performed in Medline, Embase, Scopus, and Cochrane Library from inception to May
2021. Data synthesis was conducted using the Theoretical Framework of Acceptability. This scoping review included
any type of study that explored the use of parenteral MTX by adult RA patients from the patients’ perspective, written
in English.

Results. Fifteen studies were included; findings related to the constructs “affective attitude,” “burden,” “interven-
tion coherence,” and “self-efficacy” were explored the most, while some were rarely (“opportunity cost” and “per-
ceived effectiveness”) or not (“ethicality”) reported. RA patients were generally satisfied with MTX injections
(“affective attitude”). From the burden construct, the requirement for dexterity for administering MTX by injection was
considered a barrier, whereas the lack of significant pain from MTX injection was considered an enabler.

Conclusion. The findings suggested that patients generally preferred parenteral MTX formulations with attributes
that facilitate self-administration. However, much of the identified research focused on prefilled pen devices, and sig-
nificant gaps were identified, such as a lack of qualitative research.

INTRODUCTION

Methotrexate (MTX) remains the first-line disease-modifying

antirheumatic drug (DMARD) for rheumatoid arthritis (RA) due to

its favorable cost-effectiveness, manageable safety, and high effi-

cacy in controlling RA disease activity (1,2). It is used as mono-

therapy or in combination with other DMARDs (2,3). To

maximize the efficacy of MTX therapy, dosing is driven by a

treat-to-target approach (4,5). Treat-to-target is a strategy

whereby the dose of MTX is intensified to achieve a therapeutic

goal in RA, such as a state of low disease activity or remission (6).
MTX, especially via the oral route, is not without issues

regarding its pharmacokinetic and toxicity profile (7). First, oral

MTX requires folate transporters in the gut to facilitate absorption,

but its bioavailability plateaus at oral doses of ≥15 mg due to sat-

uration of these folate transporters (8). Second, gastrointestinal

side effects such as nausea, anorexia, and vomiting are frequent

adverse effects of oral MTX, particularly at higher doses (9). Gas-

trointestinal intolerance is often the reason for the poor adherence

to and discontinuation of MTX in RA patients (10). A common

strategy to manage gastrointestinal side effects is the use of folic

or folinic acid (11,12), and there is limited evidence for splitting

the dose of MTX to twice or thrice weekly (13,14) and adding caf-

feine to the MTX treatment regimen (15). Another option is switch-

ing the route of MTX delivery from oral to parenteral (16,17).
Recent studies suggest that parenteral MTX is more effective

than oral MTX and has a more acceptable gastrointestinal side-

effect profile (16–18). It may also support the treat-to-target

approach for which doses >15 mg/week may be required. RA

patients who received a treat-to-target approach with MTX main-

tained remission for longer than patients receiving standard care

with MTX, possibly because administration via the parenteral

Dr. Reeve’s work was supported by the Australian National Health and
Medical Research Council (Investigator grant GNT-1195460).

1Jiun Ming Tan, BPharm (Hons), Lauren Fraser, BPharm (Hons), Michael
D. Wiese, BPharm, M Clin Pharm, PhD: University of South Australia, Adelaide,
South Australia, Australia; 2Emily Reeve, BPharm (Hons), PhD: Monash Uni-
versity, Parkville, Victoria, Australia, and University of South Australia, Ade-
laide, Australia; 3Susanna M. Proudman, MBBS (Hons), FRACP: Royal Adelaide

Hospital and University of Adelaide, Adelaide, South Australia, Australia.
Author disclosures graphical abstract are available online at https://

onlinelibrary.wiley.com/doi/10.1002/acr.25141.
Address correspondence via email to Michael D. Wiese, BPharm, M Clin

Pharm, PhD, at Michael.Wiese@unisa.edu.au.
Submitted for publication October 18, 2022; accepted in revised form

April 27, 2023.

2306

Arthritis Care & Research
Vol. 75, No. 11, November 2023, pp 2306–2315
DOI 10.1002/acr.25141
© 2023 The Authors. Arthritis Care & Research published by Wiley Periodicals LLC on behalf of American College of Rheumatology.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and
reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

https://orcid.org/0000-0003-3660-6496
https://orcid.org/0000-0002-1405-999X
https://orcid.org/0000-0002-4527-9872
https://orcid.org/0000-0002-3046-9884
https://orcid.org/0000-0002-3255-9242
https://doi.org/10.1002/acr.25141
https://doi.org/10.1002/acr.25141
mailto:Michael.Wiese@unisa.edu.au
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Facr.25141&domain=pdf&date_stamp=2023-06-12


route ensures predictable bioavailability of MTX (7,19,20). Fewer

gastrointestinal adverse effects could also improve the patient’s

adherence to MTX therapy. Optimizing effectiveness and tolera-

bility of MTX could also delay the addition of other DMARDs,

including biologic DMARDs (bDMARDs), thus improving cost-

effectiveness (21–23).
Despite these advantages, parenteral MTX is underutilized

in practice. Several studies have shown that MTX therapy in RA
patients has been less intensive and of a shorter duration since
the introduction of bDMARDs (21). Less than 30% of RA
patients were switched to parenteral MTX after failure of oral
MTX in the US, but the reason for this remains unknown
(23,24–28).

Despite the widespread use of MTX, little is known about
patients’ attitudes towards MTX therapy for RA, particularly the
barriers and enablers toward use in a parenteral form. Prior qual-
itative research has focused on the patients’ perception toward
injectable bDMARDs (29–32). Storage issues, needle problems,
and difficulties in administration have been identified as barriers
to the use of injectable bDMARDs in a recent qualitative study
(30). Meanwhile, intravenous route of administration, better
understanding of taking medications, and less frequent dosing
regimens were facilitators (30). Similar barriers and enablers
were identified in an integrative review on injectable medications
for chronic diseases in general (33). Fear of injection and pain
related to injection have been reported as major barriers to the
use of parenteral MTX therapy for children with juvenile idio-
pathic arthritis (34,35). Whether these findings can be translated
to the use of parenteral MTX in adult RA populations has not
been determined. Therefore, the aim of this scoping review
was to describe the reported barriers and enablers in the use
of parenteral MTX by adult RA patients and to identify knowl-
edge gaps to inform future research to support the use of paren-
teral MTX in practice.

MATERIALS AND METHODS

No current or ongoing systematic or scoping reviews exam-
ining the factors that facilitate or inhibit the use of parenteral MTX
in adult RA patients were found. A preliminary search was con-
ducted in Medline, the Cochrane Database of Systematic
Reviews, and JBI Evidence Synthesis.

Study design and protocol. A scoping review was cho-
sen for this study as we wanted to explore findings from studies
with heterogeneous methods and disciplines, present a descrip-
tive overview, and identify research gaps (36). The protocol was
developed using the Joanna Briggs Institute Reviewers Manual
(37), and the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) extension for scoping reviews was
used as the reporting guideline (38). The protocol was preregis-
tered with Open Science Framework (https://archive.org/details/
osf-registrations-upgd3-v1).

Information sources and search strategy. A prelimi-
nary search of relevant articles identified 4 dimensions for the
search strategy: ‘methotrexate’; ‘parenteral’; ‘rheumatoid arthri-
tis’; and ‘patient experience, perceptions, barriers and enablers’
(the complete search strategy can be found in Supplementary
Table 1, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.25141). The data-
bases Embase, Medline, Scopus, and Cochrane were searched
from their inception until May 31, 2021. Furthermore, reference
lists of relevant articles were manually searched to identify addi-
tional literature for potential inclusion.

Inclusion criteria. Studies were included if they fulfilled the
following criteria: 1) inclusion of at least 50% of participants with a
diagnosis of RA who were ≥18 years of age; 2) exploration of sat-
isfaction, experience, and/or attitude from the patient perspective
about parenteral MTX; 3) any geographic and health care setting;
and 4) original research studies with any methodology (qualitative,
quantitative, or mixed), or systematic or scoping reviews of origi-
nal research studies.

Exclusion criteria. Studies were excluded if they fulfilled
the following criteria: 1) abstracts only, conference proceedings,
narrative reviews, editorials, commentaries, letters, notes or
retracted studies; 2) unable to access full text; 3) not published
in English.

Study selection process. A 2-stage screening process
using Covidence review article management software (Veritas
Health Innovation) was followed to assess the relevance of stud-
ies. For the first stage of screening, titles and abstracts were inde-
pendently screened by 2 reviewers (JMT and LF). This process
was repeated in the second stage, where the full text of the

SIGNIFICANCE & INNOVATIONS
• Ease of using a self-injection device, limited pain,

high perceived efficacy, a sense of independence
when self-administering, and general positive per-
ceptions were identified as enablers of parenteral
methotrexate (MTX) use.

• Limited dexterity to handle the injection device
(leading to difficulties removing the cap), concerns
about side effects, loss of autonomy if not able to
self-administer, and negative perception were bar-
riers to parenteral MTX use.

• Further qualitative research is required to explore
the barriers and enablers in the use of MTX injec-
tion in depth, as most of the included studies were
quantitative in nature and focused on specific
brands of MTX prefilled pens.
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articles was assessed against the inclusion/exclusion criteria.
Conflicts or uncertainties were resolved through discussion with
2 other team members (ER and MDW).

Extraction of results. A draft charting table was devel-
oped to record the details of the study and the reported findings.
The draft charting table was pilot tested on the first 10 articles
and revised as needed. The data extraction was performed inde-
pendently by 2 reviewers (JMT and LF) and reviewed by 2 other
team members (ER and MDW) if there was inconsistency. Metho-
dologic quality was not appraised because the objective of this
scoping review was to map the existing evidence and identify
gaps in the literature to inform future studies.

Synthesis of results. The analytical stage was performed
as described by Levac et al (39). Besides providing a descriptive
summary, the qualitative analytical technique was used to apply
meaning to the extracted findings. The quantitative data from the
included studies were extracted and categorized into the 7 con-
structs of the Theoretical Framework of Acceptability (TFA). The
TFA is a newly developed framework that conceptualizes the
acceptability of health care interventions based on 7 constructs:
affective attitude, burden, perceived effectiveness, ethicality,
intervention coherence, opportunity costs, and self-efficacy (40).
Qualitative data analysis was conducted using both the directed
content analysis (deductive analysis) to the TFA and conventional
content analysis (inductive analysis) as outlined by Hsieh and
Shannon (41) where findings did not align with any of the TFA
constructs. First, 2 researchers (JMT and LF) read the findings of
the selected studies to capture the key concepts. After familiariz-
ing themselves with the definition of all 7 constructs in TFA, the
researchers began the coding process using qualitative data
analysis software NVivo 12 (QSR International). For any meaning
units (i.e., relevant pieces of text) that did not fit into the TFA
framework, a new code was created and applied to those rele-
vant meaning units. Throughout the coding process, the coding
guideline was continuously reviewed to incorporate new codes
as necessary, and the existing codes were refined.

RESULTS

Literature search. Database searches identified 3,841
results following the removal of duplicates. After title and abstract
screening, 311 studies progressed to full-text review. Of the
311 studies, 299 were excluded, and their reasons for exclusion
were reported (Figure 1). The remaining 12 studies were included,
and a further 3 studies were included after hand-searching refer-
ence lists, which resulted in a total of 15 studies (the characteris-
tics of the 15 studies are presented in Supplementary Table 2,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25141).

Study characteristics. Eleven quantitative studies, 3 qual-
itative studies, and 1mixed quantitative and qualitative study were
included in this scoping review. The included studies had a variety
of purposes and methods used. The majority (8 studies) were
focused on usability and patient preference and used quantitative
methods (42–49), 1 was a quantitative survey study (50),
1 included a quantitative and qualitative survey (mixed-methods
study) that investigated the experience of using subcutaneous
MTX (51), 1 was a quantitative survey study regarding training on
how to use MTX injection (52), 1 was a quantitative MTX adher-
ence study (53), 2 were qualitative focus group studies discussing
the barriers and enablers in the use of DMARDs in general (with
specific findings presented about MTX) (54,55), and 1 was a qual-
itative in-depth interview study about medication use in early
RA (56).

The included studies were conducted in 7 different countries
(UK, US, France, Germany, Canada, Ireland, and Spain). The
mean age of participants was between 40 and 60 years. Female
participants outnumbered male participants by ≥25% in each of
the included studies, except the study by Saraux et al (49), in
which the number of male patients exceeded the number of
female patients.

All 15 studies involved patients using the subcutaneous
route to administer MTX. In terms of the experience of using
injectable medication, only 2 studies (43,47) involved participants
who had no prior experience of using parenteral medications in
general, whereas the remaining studies included current or past
users of parenteral MTX. The doses of MTX used in the included
studies ranged from 7.5 to 25 mg once a week. Six studies
involved participants using the prefilled pen device only, whereas
2 studies focused on prefilled syringes only. Two studies specifi-
cally compared the prefilled pen to a prefilled syringe, and the
remaining 5 studies were not focused on a specific device. In all
the studies, injections were mostly performed by the participants
themselves, but 3 studies reported that some participants were
assisted by health care professionals or carers/family members
with MTX administration.

Review findings (the TFA). Results (barriers/enablers) of
the included studies were coded to 6 of the 7 constructs of the
TFA (Table 1; the full charting table can be found in Supplemen-
tary Table 3, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.25141). No bar-
riers and enablers that related to the TFA construct of ethicality
were identified. Fourteen studies reported the participants’
acceptability with using parenteral MTX during the study or in the
past. Only 1 study reported the patient’s expectation of parenteral
MTX. No additional codes needed to be created.

Affective attitude. This construct includes participant feelings
toward MTX injections overall and was often captured as satisfac-
tion or through an expression of preferences. Within this con-
struct, all 11 quantitative studies reported that a majority of
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participants had positive responses to questions representing
affective attitude (42–50,52,53). Even in the 2 studies in which
participants had no prior experience with parenteral MTX treat-
ment, participants reported high satisfaction upon using MTX
injections for the first time (43,47). One study reported that up to
98% of participants had a positive overall impression of a prefilled
pen, with more participants preferring the prefilled pen to oral
MTX (48). Seven studies specifically assessed the usability of
and preference for use of MTX prefilled pens, and in all 7 studies,

the MTX pen had a higher satisfaction rating than MTX prefilled
syringes (43–49).

In contrast to the positive findings of the quantitative studies,
2 qualitative studies reported negative feelings toward MTX injec-
tions, which could be barriers, while only 1 reported positive feel-
ings. Negative feelings included the emotions of fear, hatred, and
reluctancy to initiate and adhere to parenteral MTX therapy
(54,56). One participant reported that injectable medications were
inconvenient and intolerable, and there was a negative reaction to
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) extension for scoping reviews flow diagram.
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the knowledge that MTX is also used to treat cancer: “It was…
injectable…it’s a little bit more of a hassle to take…Methotrexate
was also used to treat cancer so it’s a very, very strong drug…”
(56). However in another study, one participant claimed that
MTX injection improved their quality of life: “…I have found it a
great help as I can get on with my life a bit easier…” (51).

Intervention coherence. The intervention coherence con-
struct represents participants’ understanding of the practical
aspects of MTX injections. Seven articles were coded to this con-
struct, and all 7 were quantitative studies (44–46,48,49,51,52).
The documented practical aspects that could act as barriers or
enablers included the functionality of the MTX injector devices,
the comprehension of self-injection training, and the handling of
MTX injectors. More than 80% of participants demonstrated clar-
ity in understanding the training, performing the self-injection, and
safely disposing the MTX injectors (45,46,48,49,51,52).

Perceived effectiveness. This construct was considered as
the perceived potential benefits of oral versus parenteral MTX
where greater perceived effectiveness was considered an
enabler. Only 2 articles were coded to this construct (56,57).
One quantitative study reported that 13.6% of participants

preferred parenteral MTX because of a disagreement with MTX
tablets (no further explanation was provided) (57). One qualitative
study reported that a participant expressed concern about the
adverse effects of parenteral MTX, and the thought of risking
unpleasant adverse effects outweighed the potential benefits that
the MTX injections could bring (56).

Self-efficacy. The confidence and ability to use or adhere to
parenteral MTX therapy were included in this construct. Ten
articles were coded to this construct, 7 quantitative
(42,43,46,48,49,52,53), 2 qualitative (54,55), and 1 mixed
methods (51). In one study, there was an increase in adherence
from 42.0% to 50.7% after switching from oral to subcutaneous
MTX (53), and in another study, 89.1% of participants claimed
that using MTX injection without assistance instilled a sense of
independence (57). A third study reported that 94% of partici-
pants felt “empowered” or “very empowered” by being able to
self-administer MTX injections (51). The higher confidence
stemmed from the support and training provided by health care
professionals. For example, self-injection performance improved
from 80% to 100% after training was provided to participants
(46). In terms of the training method, one study reported that

Table 1. Coding frequency according to the Theoretical Framework of Acceptability (TFA) (40) with exemplary quotes

TFA construct Definition

Coding
frequency
(no. of
articles)

Exemplary quote from quantitative
studies

Exemplary quote from qualitative
studies

Affective
attitude

How an individual feels
about the intervention

33 (n = 13) Overall patient preference for the
methotrexate prefilled pen was 75%
(P < 0.0001) (43).

…particularly the use of needles with
the sentiment “…I hate needles…”
(54)

Intervention
coherence

The extent to which the
participant understands
the intervention and how
it works

16 (n = 7) The majority of patients (n = 18) (86%)
agreed that they understood why
the new type of syringe had been
introduced (51).

–

Perceived
effectiveness

The extent to which the
intervention is perceived
to be likely to achieve its
purpose

3 (n = 2) The most common reasons for a
change to methotrexate self-
administration were…improved
usability (25.3%) and dislike of
methotrexate tablets (13.6%) (57).

“…Well, methotrexate was also used
to treat cancer so it’s a very, very
strong drug” (56)

Self-efficacy The participant’s confidence
that they can perform the
behavior required to
participate in the
intervention

25 (n = 10) Patients reported that self-
administration led to a feeling of
more independence (89.1%) (57).

Another theme was patients’ feelings
that they could get on with their
life: “I have found it a great help as I
can get on with my life a bit easier”
(51)

Burden The perceived amount of
effort that is required to
participate in the
intervention

47 (n = 13) In total, 67% of the patients confirmed
that it did not take much effort to
overcome subcutaneous self-
injection with the pen (43).

“…when my hands are stiff, I have
problems pulling the stopper out”
(51)

Opportunity
costs

The extent to which
benefits, profits, or values
must be given up to
engage in the
intervention

4 (n = 4) Reasons that patients missed ≥1
methotrexate doses in the last
4 weeks: 1 patient forgot; 2 had side
effects; 1 had pharmacy shortages;
1 was doing well; 1 couldn’t afford;
and 2 had other reasons (50).

“…if someone is not at home now, I’m
unable to get the tops off to inject
myself…able to open stopper on
the old ones on my own – now I
have to have help” (51)

Ethicality The extent to which the
intervention has good fit
with an individual’s value
system

0 (n = 0) – –
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91% of participants agreed that they could confidently perform
self-injection correctly without any assistance after viewing the
self-training video (52). On the other hand, the qualitative findings
from one study revealed that participants appreciated help from a
nurse for dealing with MTX when required: “[I am] grateful that I
can always speak to a nurse over the MTX if necessary…” (51).

Qualitative studies also reported strategies to enhance self-
efficacy and hindrances that lower self-efficacy. Enablers involved
cultivating a routine of using MTX injection by carefully scheduling
the time of self-administration to facilitate the development of con-
fidence and adherence (54). By spacing the self-injection of MTX
away from daily tasks and activities, participants from one study
claimed that they could reduce the impact of MTX injection, espe-
cially the general side effects on their daily life (54). Difficulty in
removing the MTX injector packaging was identified as a hin-
drance to adherence and autonomy (55).

Burden. This construct concerns factors that the participant
believes will impact their ability to use or adhere to treatment with
MTX injections. Thirteen articles were coded to this construct (42–
50,52,54–56), 4 of which used qualitative data (51,54–56). The
pain associated with MTX injections, which could be a barrier,
was mild to almost negligible in one study, as evidenced by a
mean pain score of 3.6 on a 100-mm visual analog scale (0 = no
pain and 100 mm = the worst pain imaginable) (45). Another
study found that the pain score reported by participants was even
lower than the pain caused by the injection of bDMARDs (50).
Likewise, MTX was well tolerated postinjection, with redness, ery-
thema, and itchiness reported as the most common self-resolving
local reactions. No major side effects were recorded in any of the
studies.

Difficulty with removing the cap, stopper, or packaging was
identified as the most commonly reported barrier (46,48,51,55).
Other injection-related issues were that the injection device was
nonrefillable (48), potentially leaked (51), involved handling difficul-
ties (51), and was associated with injection site reactions
(45,47,54). Meanwhile, the favorable attributes of the MTX injec-
tors included favorable ergonomics (44,52), decreased pain
(48,52), high concentration with reduced volume (47,57), preat-
tached needle (47,57), ease of storage (51), audible signal while
injecting (44), button-free activation system (44,52), and the ability
to self-administer (43,51,52,57). The anticipated burden identified
by one qualitative study was related to the negative feelings or
beliefs toward injectable medications, resulting in refusal to
administer MTX injection (56).

Opportunity costs. This construct represents the trade-off
process, in which an individual may have to lose one opportunity
(or benefit) in order to gain another (or avoid something negative).
Four articles were coded to this construct (50,51,54,55), and 3 of
them were qualitative studies (50,54,55). In the quantitative study,
4% of patients agreed that adverse effects were the main reason
for skipping the use of subcutaneous MTX (50). On the other
hand, one of the qualitative studies described that participants

had to allocate time in order to prepare themselves for the
adverse effect from using MTX injections (54). The inability to
self-administer an MTX injection was associated with a loss of
autonomy and independence in some participants (51,55).

DISCUSSION

The aim of this scoping review was to explore the barriers and
enablers in the use of parenteral MTX in patients with RA. Our sys-
tematic search identified 15 eligible studies, including 11 quantitative
studies, 3 qualitative studies, and 1 mixed method (quantitative and
qualitative) study. We were able to apply the TFA to understand the
barriers and enablers in parenteral MTX use, and results from the
identified studies were coded to 6 of the 7 TFA constructs. All the
findings from included studies could be fitted to the constructs of
the TFA, hence no new themes or subthemes were generated dur-
ing the coding process.Most findingswere primarily coded to 3 con-
structs (affective attitude, burden, and intervention coherence), while
others were identified less frequently (opportunity costs and per-
ceived effectiveness) or not at all (ethicality).

Through the TFA constructs, we identified a number of
enablers in the use of parenteral MTX from the perspective of
patients with RA. The participants from the included quantitative
studies had positive experiences with MTX injections according to
questions asked about satisfaction, albeit participants were more
inclined to prefer a MTX prefilled pen compared to a prefilled
syringe (affective attitude) (43–46,48,49,52). From the construct of
burden, factors identified as enablers to acceptability were the use
of prefilled pens with a preattached needle, high concentration/
low volume of MTX solution, a cap/stopper that is easier to remove,
and ergonomic injectors. The self-efficacy and intervention coher-
ence constructs were closely associated with each other. From
the construct of self-efficacy, it seemed that participants were gen-
erally inclined to learn/be taught to self-administer MTX. Likewise,
the construct of intervention coherence suggested that participants
had no difficulties being trained by health care professionals. There-
fore, being trained to self-administer would act as an enabler. The
studied populations commonly felt that the instruction provided by
health care professionals was clear and understandable.

In our review, the most commonly reported barrier to MTX
use was the difficulty using the injection device, especially remov-
ing the cap/stopper, which was identified in the construct of bur-
den. Indeed, RA patients may have functional limitations in
dexterity and reduced grip strength, which could be a significant
barrier in using injectable medications (58). Increasing accessibil-
ity to the easy-to-use injection devices could potentially address
this barrier and fear of needles (59). Besides functional limitations,
participants could have preconceived negative feelings toward
injectable MTX (affective attitude), which could increase avoid-
ance behaviors towards MTX injection (56). It is important for
health care professionals to counter any myth or misconception
that MTX injection is only used for treatment of cancer (60) while
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discussing with their patients that there is good rationale for using
parenteral MTX, such as easing the burden on patients who have
swallowing difficulties (61).

Our scoping review identified substantial gaps in knowledge
about the barriers and enablers in the use MTX injection. The
included 8 of 11 quantitative studies mostly aimed to investigate
the device used to inject the MTX rather than the concept of MTX
injection in general (42–49). Little attention was focused on the spe-
cific barriers and enablers in MTX injections outside of expressed
preferences/satisfaction. Issues related to cost, cytotoxic and
sharps handling, the involvement of health care professionals in the
ongoing supply, administration, counselling, and support were
rarely or not reported at all. Findings related to constructs of per-
ceived effectiveness, opportunity costs, and ethicality also remained
rarely discussed and reported. The scarcity of such findings indi-
cates that it is not possible to establish the breadth of possible bar-
riers and enablers with certainty (e.g., whether issues related to
ethicality are potential barriers/enablers or not). Questions that
require further exploration include how patients think the use of
MTX via the parenteral route will affect their quality of life, what
patients are willing to abnegate in order to engage in using MTX
injection, and the attribute(s) of MTX injection that patients most
value. Furthermore, one of the main gaps identified in this review is
the lack of studies that explore the broad patient experience in using
MTX injection, as most of the identified studies focused on particular
products (e.g., studies that explored whether patients preferred a
proprietary pen device or prefilled syringes). Additional research
may be required to fully explore the barriers and enablers in paren-
teral use regardless of the specific device used.

In terms of themethodology, only 4 studies were identified that
provided qualitative data in this scoping review. This is not ideal for
addressing our research question, as qualitative methodology is
more appropriate to produce a “thick description,”which facilitates
the understanding of certain behaviors and identifying the barriers
and enablers (62). It will be interesting to see whether qualitative
studies regarding MTX injection would yield any results that are rel-
evant for the uncoded ethicality construct. Additionally, all 3 qualita-
tive studies focused on injectable DMARDs in general (i.e., including
subcutaneously and intravenously administered bDMARDs) and
included participants with other inflammatory diseases, although
we only extracted and included results where they were presented
as specific to parenteral MTX when used for RA.

Tornero Molina et al (63) recently reviewed the available stud-
ies on the use of MTX prefilled pens and how they affected
patients in terms of perceptions and treatment adherence. Our
findings were consistent with those identified by Tornero Molina
et al, in which the majority of the participants generally preferred
prefilled pen devices over traditional injectors. Our review was of
broader scope and included qualitative studies that revealed con-
trasting results to the quantitative data. For example, in the con-
struct of affective attitude, qualitative data highlighted negative
feelings toward MTX injections where the quantitative findings

had been overwhelmingly positive. Again, this warrants further
qualitative research to investigate the validity of the positive
response identified in the quantitative studies.

Although pediatric populations were not the focus of this
scoping review, the use of MTX injections in children with juvenile
idiopathic arthritis has been investigated. Similar to our findings
in adult populations (48,52), pediatric populations generally prefer
prefilled MTX pens over prefilled syringes, citing less pain as the
primary reason for such a preference (64). Autonomy in taking
medicine was valued by young adults with inflammatory arthritis
as highlighted by Hart et al (65), which was similar to our findings
in older patients. This was clearly demonstrated in the construct
of burden (participants appreciated being able to self-administer
MTX injections) (43,51,52,57). In fact, having a user-friendly MTX
injector that omitted the tedious process of preparing an MTX
injection could potentially enhance autonomy in both children
and adults, thus empowering patients to confidently manage their
DMARD regimen. Anticipatory nausea associated with the use of
parenteral MTX has been reported in pediatric populations and
for injections more broadly. This was not identified in this review,
which may be due to the generally limited findings rather than this
not being an issue in the adult RA population.

During the rollout of the COVID-19 vaccination program,
strategies and health measures have been established to reduce
patients’ fear and anxiety with injections (66,67). People who have
past experience with the flu injection were more likely to receive
the COVID-19 vaccine (68–70), and it is possible that patients’
perceptions about needles/injections might have been changed
by the education associated with the implementation of the
COVID-19 vaccination program. More research is warranted to
investigate the patients’ acceptability towards MTX injection in
the post-COVID-19 era.

This scoping review used a wide range of terms to search the
literature and extract relevant data. The inclusion of quantitative
and qualitative studies enabled us to provide an overview of the
breadth of evidence, which is one of the aims of conducting a
scoping review (71). To our knowledge, this is the first study that
used the TFA in evaluating the acceptability of a medication deliv-
ered specifically via the parenteral route.

However, our review has some limitations. There was incom-
plete reporting of baseline clinical and demographic information
such as RA disease duration, disease activity, and the type and
number of DMARDs used. This limited our ability to consider
how the characteristics of the populations influenced and inter-
acted with our findings, for example, we could not determine the
influence of use of other DMARDs (combination therapy) on the
patients’ attitudes toward parenteral MTX. Another limitation is
that studies that were only available as abstracts or were pub-
lished in languages other than English were excluded, and gray lit-
erature was not searched. It is possible that more enablers and
barriers to the use of MTX injections could have been identified
from these studies.
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This review focused on the barriers and enablers in the use of
parenteral MTX, however, there may be other strategies to opti-
mize the effectiveness of MTX (and other DMARDs) and reduce
side effects. For example, the feasibility of different parenteral
MTX dosing regimens could be compared to split-dose oral
MTX (13). Further work is required to explore the place of paren-
teral MTX among other treatment options in achieving the goals
of RA therapy in practice.

Our findings provided an overview of barriers and enablers in
the use of parenteral MTX from the perspective of RA patients.
The 7 constructs of the TFA guided the data synthesis, which
offered insights into the acceptability of parenteral MTX. Our find-
ings will enable future researchers to focus on addressing the
research gaps that presently exist.

Future research should employ qualitative study design to
explore barriers and enablers in depth and to allow for positive
and negative attitudes to be expressed. Additionally, we did not
identify any studies that reported differences in geographic or
health care settings as a barrier or enabler, as the included studies
were conducted in different countries/settings and were too dif-
ferent to make any comparisons between studies. It may also be
prudent for future research to focus on populations currently tak-
ing oral MTX that are most likely to benefit from parenteral MTX,
such as those who are nonadherent, suffer significant gastroin-
testinal side effects, or have insufficient response to treatment.
Due to the number of gaps/limitations of studies, we are not able
to make specific recommendations for providers that aim to over-
come barriers and leverage enablers such that uptake of paren-
teral MTX in patients with RA in clinical practice is enhanced,
hence further research is needed. This research may help with
the development of tailored interventions to enhance the uptake
of parenteral MTX in patients with RA and therefore optimize ben-
efits and minimize treatment harm in this population.

This scoping review offered insight into the barriers and
enablers in the use of parenteral MTX in RA patients from the per-
spective of RA patients. It described the patients’ experience and
satisfaction with MTX injections, primarily from usability and pref-
erence studies. The findings suggested that patients generally
preferred parenteral MTX formulations with attributes that facili-
tate the process of self-injection. In terms of the usability of MTX
injectors, patients consistently demonstrated their ability to per-
form self-injection after instruction, although there were some bar-
riers that hindered their confidence in using MTX injections.
However, significant gaps exist, and more qualitative studies that
focus on parenteral MTX users are warranted in order to explore
patients’ feelings and experiences with MTX injections.
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How Does Exercise, With and Without Diet, Improve Pain
and Function in Knee Osteoarthritis? A Secondary Analysis
of a Randomized Controlled Trial Exploring Potential
Mediators of Effects

Belinda J. Lawford,1 Rana S. Hinman,1 Fiona McManus,1 Karen E. Lamb,1 Thorlene Egerton,1

Catherine Keating,2 Courtney Brown,2 Kathryn Oliver,1 and Kim L. Bennell1

Objective. To explore the mediators of effects of two 6-month telehealth-delivered exercise programs, including
exercise with and without weight-loss diet, on pain and function improvements in knee osteoarthritis (OA).

Methods. Secondary analysis of 345 participants from a 3-arm randomized controlled trial of exercise (Exercise
program) and exercise plus diet (Diet + Exercise program) versus information (Control program) was conducted.
Outcomes were changes in pain (11-point numeric rating scale) and function (Western Ontario and McMaster Universi-
ties Osteoarthritis Index [score range 0–68]) at 12 months. Potential mediators were change at 6 months in attitudes
toward self-management, fear of movement, arthritis self-efficacy, weight, physical activity, and willingness for knee
surgery. For the Diet + Exercise program versus the Exercise program, only change in weight was evaluated.

Results. Possible mediators of the Exercise program versus the Control program included reduced fear of
movement (accounting for –1.11 units [95% confidence interval (95% CI) –2.15, –0.07] improvement in function) and
increased arthritis self-efficacy (–0.40 units [95% CI –0.75, –0.06] reduction in pain, –1.66 units [95% CI –3.04, –0.28]
improvement in function). The Diet + Exercise program versus the Control program mediators included reduced fear
of movement (–1.13 units [95% CI –2.17, –0.08] improvement in function), increased arthritis self-efficacy (–0.77 units
[95% CI –1.26, –0.28] reduction in pain, –5.15 units [95% CI –7.34, –2.96] improvement in function), and weight loss
(–1.20 units [95%CI –1.73, –0.68] reduction in pain, –5.79 units [95%CI –7.96, –3.63] improvement in function). Weight
loss mediated the Diet + Exercise program versus the Exercise program (–0.89 units [95% CI –1.31, –0.47] reduction in
pain, –4.02 units [95% CI –5.77, –2.26] improvement in function).

Conclusion. Increased arthritis self-efficacy, reduced fear of movement, and weight loss may partially mediate
telehealth-delivered exercise program effects, with and without diet, on pain and/or function in knee OA. Weight loss
may partially mediate the effect of diet and exercise compared to exercise alone.

INTRODUCTION

All current clinical guidelines recommend education, exer-

cise, and weight loss (if indicated) as first-line management

approaches for knee osteoarthritis (OA) (1–4). In those individuals

who are overweight or obese, there is evidence that combining a

weight-loss diet with exercise is optimal, with benefits of the com-

bination exceeding the effects of either treatment alone (5,6).

A recent systematic review and meta-analysis found that diet-

induced weight loss alone did not improve pain for people with

knee OA who were overweight or obese, but there were moder-

ate effects from interventions that combined diet and exercise
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(7). As such, scalable interventions that combine weight-loss diet

with exercise may help maximize clinical outcomes and reduce

the enormous individual and societal burden of the condition (8).
Despite clinical guidelines recommending diet and exercise

for management of knee OA, the clinical benefits of these treat-
ments for this population are only modest (1–4,7). This may be
partly due to limited understanding about the mechanisms by
which exercise and diet approaches work to improve pain and
physical function. Identifying precise mechanisms of effect will
help ensure future treatment programs are designed to target
these mechanisms, potentially leading to enhanced effects on
clinical outcomes such as pain and function. A robust method of
identifying mechanisms of effect is through causal mediation anal-
ysis using data from a randomized controlled trial (RCT). Causal
mediation analyses examine the causal links between an interme-
diate variable (mediator) and the effect of an intervention on out-
comes (9). A recent scoping review of mediation analysis studies
examining nonsurgical interventions for people with OA found that
reduced inflammation, reduced body weight, increased muscle
strength, and increased self-efficacy may mediate effects of non-
surgical interventions on pain and physical function (10). Specifi-
cally, increased knee extensor muscle strength (11) and knee
flexor muscle perfusion (12) partially mediated the effects of exer-
cise on changes in pain and physical function in adults with knee
OA, but no previous studies had examined psychosocial putative
mediators of exercise like self-efficacy or fear of movement. In
combined diet and exercise programs, there was inconsistent evi-
dence that weight loss (13), inflammatory biomarkers (14), self-
efficacy (for walking duration [15] and for OA symptoms [16]),
and pain control (perceived ability to exert control over one’s pain)
(16) mediate the effects of the programs on pain and physical
function. Given the paucity and heterogeneity of existing evidence

identified by authors of the review (10), more research is required
to identify potential mediators of exercise interventions, including
those with and without diet, for people with OA.

Recently, our RCT found that two 6-month telehealth-
delivered programs, including exercise with and without weight-
loss diet, led to improvements in pain and physical function at
6 months and 12 months, compared to a control group who
received online information (6,17). Compared to the exercise-only
group, the combined diet and exercise program led to modest
additional improvements in pain and function. However, from the
RCT alone, the mechanisms underpinning the effectiveness of
both the diet and exercise and exercise-only programs on symp-
toms are not clear. Using data from our RCT (6), we used causal
mediation analysis to explore potential mediators of the effects of
our 2 exercise programs, one with and one without weight-loss
diet, on improvements in pain and physical function in people with
knee OA who are overweight/obese.

MATERIALS AND METHODS

This is a secondary analysis of data from an RCT comparing
the effects of exercise, with and without a weight-loss diet, to an
information-only control group in people with knee OA (Australian
New Zealand Clinical Trials Registry ACTRN12618000930280)
(6,17). All participants provided written informed consent and The
University of Melbourne Human Research Ethics Committee
approved the study.

Participants. Participants were recruited from members of
Australia’s largest private health insurer, Medibank Private.
Medibank sent targeted invitations, predominantly via email, to
members. Eligible participants including the those who: 1) held
private health insurance with Medibank at a level that included
cover for arthroplasty surgery; 2) met the National Institute for
Health and Care Excellence OA clinical criteria (ages ≥45 years,
activity-related joint pain, morning stiffness ≤30 minutes) (3); 3)
had average knee pain ≥4 on 11-point numerical rating scale
(NRS) in the past week (0 = no pain, 10 = worst pain possible);
4) had a history of knee pain on most days for at least 3 months;
5) were ages <81 years; and 6) had a body mass index
≥28 kg/m2 and <41 kg/m2. Detailed inclusion and exclusion
criteria for the RCT are published (17).

Control group. Participants in the Control group were given
access to a bespoke website that contained information about OA,
treatment options, exercise and physical activity, weight loss, man-
aging pain, sleep, and “success stories.” The website also pro-
vided links to external websites for further information.

Interventions. The intervention protocol was previously
published (17). All project clinicians underwent training prior to
the start of the trial, including in best-practice management of

SIGNIFICANCE & INNOVATIONS
• Our previous three-arm randomized controlled trial

found that two 6-month telehealth-delivered pro-
grams, including exercise with and without weight-
loss diet, led to improvements in pain and physical
function in people with knee osteoarthritis com-
pared to information-only control. In this study, we
used causal mediation analyses to explore potential
mediators of these effects.

• Reduced fear of movement and increased arthritis
self-efficacy may mediate the effects of exercise,
compared to control, on pain and/or function.

• Reduced fear of movement, increased arthritis self-
efficacy, and weight loss may mediate the effects of
exercise with weight-loss diet, compared to control,
on pain and/or function.

• Weight loss may mediate the effects of exercise
with weight-loss diet, compared to exercise alone,
on pain and function.
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OA, motivational interviewing skills, specifics of the weight-loss
diet, and study-specific protocols (17).

Exercise program. Participants in the Exercise group had
6 individual videoconferencing consultations (Zoom Video
Communications Inc.) with a physical therapist over 6 months
where they were prescribed a strengthening exercise and phys-
ical activity program. Initial consultations lasted �45 minutes,
with follow-up consultations lasting �20 minutes. Physical ther-
apists also provided individualized advice about treatment
options and used motivational interviewing principles to support
behavior change. Participants received hard copy information
booklets (information about OA, exercise instructions, log
book), exercise bands, and a Fitbit (Flex 2 model) to monitor
physical activity.

Diet + Exercise program. Participants in the Diet + Exer-
cise group received all components of the Exercise group, plus
6 individual videoconferencing consultations with a dietitian over
6 months to guide them through a ketogenic very low-calorie diet
(VLCD). This diet involved consuming �800 calories (or 3,280
kilojoules) per day (18) and replacing 2 meals per day with Optifast
meal replacements (Nestlé Health Science) (or Optislim [Opti-
Pharm Pty Ltd] if unavailable or if the participant was vegetarian).
Participants were encouraged to lose at least 10% of their body
weight on the diet (5) before transitioning off meal replacements
to a healthy eating diet. Initial consultations lasted �45 minutes,
with follow-up consultations lasting �20 minutes. Dietitians used
motivational interviewing to help participants adhere to their
weight management plan. Participants received additional weight
management booklets (“how to” guide, recipe book, weight man-
agement activities), a plastic portion plate, and up to a 6-month
supply of meal replacements.

Outcomes. Outcomes were self-reported via online ques-
tionnaires at baseline, 6 months, and 12 months. Outcomes rele-
vant to this mediation analysis include the primary outcomes of
change in knee pain and physical function at 12 months. Overall
knee pain was measured using an 11-point NRS ranging from
0 (no pain) to 10 (worst pain possible). Physical function was mea-
sured using the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC OA Index) function subscale (19),
with scores ranging from 0 (no dysfunction) to 68 (maximum
dysfunction).

Mediator variables. Six potential mediator variables were
measured at baseline and 6 months:

1. Attitudes towards self-management, measured using
the Patient Activation Measure (20) (score range
13–42, with higher scores indicating greater patient
activation);

2. Fear of movement, measured using the Brief Fear of
Movement Scale for Osteoarthritis (21) (score range
6–24, with higher scores indicating greater fear);

3. Self-efficacy for managing arthritis symptoms, measured
using the Arthritis Self-Efficacy Scale (22) (score range
3–30, with higher scores indicating greater self-efficacy);

4. Body weight in kilograms, which was self-reported;
5. Physical activity, measured using the Incidental and

Planned Exercise Questionnaire, “past week” version
(23) (score range 0–128, with higher scores indicating
higher levels of activity); and

6. Willingness to have surgery, rated on a 5-point scale
ranging from “definitely not willing” to “definitely willing,”
with those indicating “probably not willing” or “definitely
not willing” classified as unwilling to have knee surgery in
the near future and all other options classified as willing.

Statistical analysis. All statistical analyses were per-
formed using Stata, version 16.1 (StataCorp LLC), on complete
case data (i.e., excluding participants with any missing baseline
data, missing outcome data [knee pain or physical function] at
12 months, and missing potential mediator data at 6 months).
Complete case data were used in this exploratory study as char-
acteristics of the complete case and omitted sample were com-
parable (see Supplementary Table 1, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.25140). Regression assumptions of linearity and
homoscedasticity were assessed using standard diagnostic
plots.

Initially, to explore the effect of the treatment group on each
continuous and binary potential mediator, respectively, at
6 months, separate linear regression and logistic regression mod-
els were fitted (Figure 1, Pathway A). This was conducted sepa-
rately for each pair of treatment groups, Diet + Exercise versus
Control and Exercise versus Control. For Diet + Exercise versus
Exercise, a linear regression model was fitted only on the potential
mediator, change in weight. Results were calculated as the esti-
mated mean (95% confidence interval [95% CI]) difference in
change (6 months minus baseline) in each continuous potential
mediator between groups. The estimated relative risk and risk dif-
ference (95% CI) in the binary mediator (unwillingness to have sur-
gery at 6 months) between groups were calculated.

Next, to explore if mediation was present, full causal media-
tion analyses (based on the potential outcomes framework and
the counterfactual framework [24,25]) were conducted where
2 regression models were simultaneously fitted for each outcome
(change in knee pain and change in physical function), consider-
ing each potential mediator and each relevant treatment group
comparison separately. Potential mediators were investigated
separately as this was an exploratory study, and there is a paucity
of evidence regarding psychosocial mediators of exercise and
diet. The first of the 2 regression models estimated the direct
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effect of the first named group in the pairwise comparison
(e.g., Diet + Exercise in Diet + Exercise versus Control compari-
son) and the effect of the potential mediator on the outcome
(Figure 1, Pathways B and C). The second model estimated the
effect of the first named group in the pairwise comparison on the
potential mediator (Figure 1, Pathway A). These 2 models permit-
ted the total effect of the first named group in the pairwise com-
parison on the outcome to be decomposed into the direct effect
(Figure 1, Pathway B) and the indirect effect (Figure 1, Pathway
A multiplied by C). The direct effect refers to the effect of the first
named group in the pairwise comparison on the outcome that
does not occur through the potential mediator. The indirect effect
is the effect of the first named group that does occur through
(i.e., is mediated by) the potential mediator.

Estimating direct and indirect effects using causal
mediation analysis assumes that: 1) there are no unmeasured
treatment–outcome confounders; 2) there are no unmeasured
mediator–outcome confounders; 3) there are no unmeasured
treatment–mediator confounders; and 4) there is no effect of
treatment that confounds the mediator–outcome relationship
(26,27). As treatment was randomly allocated and it appears
reasonable that missing data were missing completely at ran-
dom, assumptions 1 and 3 are satisfied. History of knee surgery
(the stratification variable in the original trial), baseline mediator
and baseline outcome scores (for the specific mediator and out-
come considered in that model) were included as covariates in
both regression models, as these were assumed to be the only
potential confounders of the potential mediator–outcome rela-
tionship (Figure 1, Pathway C). There were no effects of treat-
ment known to the authors a priori that could confound each
mediator–outcome relationship (assumption 4). These causal
mediation analyses were each conducted using the “paramed”

function (28). The “medeff” function in Stata (29) was used to
calculate the proportion of the total effect mediated through the
potential mediator, estimated as the ratio of the indirect effect
to the total effect, and presented as a percentage (95% CI). Per-
centages can exceed 100% if the sum of indirect effects
exceeds total effects, which occurs if mediators affect one
another or if there are interactions between mediators (30).

Finally, to estimate the magnitude of the association between
each potential mediator (6 months minus baseline or at 6 months)
and change in each symptom (12 months minus baseline), sepa-
rate linear regression models were used (Figure 1, Pathway C). In
these models, change in symptoms was entered as the outcome,
the potential mediator was the independent variable and relevant
baseline mediator scores, relevant baseline outcome scores, the
stratifying variable, and each relevant pair of treatment groups
were entered as covariates. Results were calculated as the esti-
mated mean (95% CI) effect of the potential mediator on change
in symptoms (12 months minus baseline). Analyses for Pathways
A and C in Figure 1 are provided in Supplementary Table 6, (avail-
able on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25140). However, these
do not influence the causal mediation analyses. Therefore, the
results are not described further (30).

We did not adjust for multiplicity as this was an exploratory
study, where all results are hypothesis-generating and not confir-
matory. We have reported all effects, confidence intervals, and
P values to let readers use their own judgment about the relative
weight of the conclusions. This approach aligns with the usage
of P values favored by the American Statistical Association (31).

Sensitivity analyses (Supplementary Table 2, available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.25140) for media-
tion effects were conducted to investigate how robust the full

Figure 1. The effect of treatment on potential mediators (Pathway A), the direct effect of treatment on outcomes (Pathway B), and the effect of
potential mediators on outcomes (Pathway C). Total effect is the sum of direct effect (Pathway B) and indirect effect (Pathway A multiplied by Path-
way C). * For the Diet + Exercise versus Exercise comparison, only change (6 months minus baseline) in weight was considered.
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causal mediation analyses results were to violation of the
sequential ignorability assumption (i.e., that there is an unmea-
sured confounder related to both the mediator and the outcome)
(32). Violation was assessed using a sensitivity parameter, rho,
which represents the correlation between the error terms of the
mediator and outcome models, a measure of the degree of
unmeasured mediator–outcome confounding (29). This parame-
ter was allowed to vary to determine the impact on the resulting
estimated indirect (mediation) effect, then the value of rho at which
this effect is zero was examined.

RESULTS

Of the 415 participants enrolled in the trial, 345 (83%) had
complete case data and were analyzed in this mediation analysis.
The control group had a higher proportion of female participants,
otherwise baseline characteristics of participants were similar
between groups (Table 1).

Effect of treatment group on potential mediators.
Results for Pathway A, the effect of treatment on potential
mediators, are shown in Tables 2 and 3. Compared to the
Control program, the Exercise program treatment led to
improvements in fear of movement, self-efficacy, reduction in
weight, physical activity, and increased unwillingness to have
surgery. Compared to the Control program, the Diet + Exer-
cise program led to improvements in attitudes toward self-
management, fear of movement, self-efficacy, reduction in
weight, and increased unwillingness to have surgery. The
Diet + Exercise program led to a reduction in weight com-
pared to the Exercise program.

Mediators of effects of Exercise compared to
Control. The full causal mediation analysis for the effects of the
Exercise program, compared to the Control program, on out-
comes is shown in Table 4 and Supplementary Table 7 (available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.25140). For change in knee pain, the
effect of the Exercise program versus the Control program was
only mediated by change in self-efficacy. The total effect of the
Exercise program versus the Control program was a 0.70-unit
reduction on the NRS (95% CI –1.45, 0.05). An estimated 0.40
units (–0.75, –0.06) of that reduction was through an increase in
self-efficacy (corresponding to 54% of the total effect).

For change in physical function, the effect of the Exercise
program versus the Control program was mediated by changes
in both fear of movement and self-efficacy. The total effect of the
Exercise program versus the Control program was a 4.99-unit
reduction on the WOMAC (–8.13, –1.85). An estimated 1.11 units
(–2.15, –0.07) of that reduction was through a reduction in fear of
movement, (corresponding to 23% of the total effect), and 1.66
units (–3.04, –0.28) was through an increase in self-efficacy
(corresponding to 33% of the total effect).

Mediators of effects of Diet + Exercise compared to
Control. The full causal mediation analysis for effects of the
Diet + Exercise program compared to the Control program on
outcomes is shown in Table 5 and Supplementary Table 7 (avail-
able on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25140). The effect of the
Diet + Exercise program versus the Control program on knee pain
was mediated by an increase in self-efficacy and reduction in
weight. The total effect of the Diet + Exercise program versus

Table 1. Participant baseline characteristics*

Control Exercise Diet + Exercise Missing data
(n = 45) (n = 137) (n = 163) (n = 69)†

Age, mean ± SD years 64.9 ±8.7 66.0 ± 8.2 64.2 ± 8.2 64.0 ± 8.1
Female, no. (%) 31 (68.9) 77 (56.2) 85 (52.1) 34 (49.3)
Body mass index (kg/m2) 33.2 (30.8–36.5) 32.0 (29.9–34.6) 32.4 (30.4–35.7) 34.6 (31.6–37.6)
Knee pain (NRS) 6 (5–7) 6 (5–7) 6 (5–7) 6 (5–6)
Physical function (WOMAC), mean ± SD 21.2 ± 9.9 22.2 ± 10.7 24.1 ± 9.0 24.7 ± 10.0
Attitudes towards self-management (PAM-13) 46 (40–49) 44 (40–49) 44 (40–48) 44 (40–47)
Fear of movement (BFMS) 11 (10–14) 12 (9–14) 12 (10–15) 13 (10–14)
Self-efficacy (ASES), mean ± SD 21.4 ± 3.5 20.7 ± 4.1 20.6 ± 3.7 19.4 ± 3.7
Weight (kg), mean ± SD 96.6 ± 13.6 94.1 ± 13.0 95.4 ± 13.6 99.5 ± 15.3
Physical activity (IPEQ) 17.1 (11.9–35.8) 22.8 (12.9–34.0) 21.6 (11.9–32.3) 16.6 (11.0–29.4)
Unwilling to have surgery, no. (%)‡ 12 (26.7) 42 (30.7) 45 (27.6) 16 (23.2)
History of knee surgery (arthroscopy

or contralateral arthroplasty), no. (%)
26 (57.8) 80 (58.4) 93 (57.1) 35 (50.7)

* Values are the median (interquartile range [IQR]) unless indicated otherwise. ASES = Arthritis Self-Efficacy Scale (scored 3–30, with higher
scores indicating greater self-efficacy); BFMS = Brief Fear of Movement Scale for osteoarthritis (scored 6–24, with higher scores indicating
greater fear); IPEQ = Incidental and Planned Exercise Questionnaire (version W; scored 0–128, with higher scores indicating higher levels of
activity); NRS = numerical rating scale (rated 0–10, with higher scores indicating worse pain); PAM-13 = Patient Activation Measure (scored
13–52, with higher scores indicating greater patient activation); WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index
(physical function subscale; rated 0–68, with higher scores indicating worse function).
† One participant requested withdrawal of all data from the study (i.e., of 415 participants enrolled, data for 414 participants are shown).
‡ Rated using a 5-point scale with terminal descriptors of “definitely not willing” to “definitely willing,” with those indicating “probably not
willing” or “definitely not willing” classified as unwilling to have knee surgery in the near future and all other options classified as willing.
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the Control program was a 1.25-point reduction on the NRS
(–1.95, –0.54). An estimated 0.77 units (–1.26, –0.28) of that
reduction was through an increase in self-efficacy (63% of the
total effect) and 1.20 units (–1.73, –0.68) was through a reduction
in weight (96% of the total effect).

For physical function, the effect of the Diet + Exercise program
versus theControl programwasmediatedbychange in fearofmove-
ment, self-efficacy, andweight. The total effect of the Diet + Exercise
program versus the Control programwas a 7.54-point reduction on
theWOMAC (–10.42, –4.67). An estimated 1.13 units (–2.17, –0.08)
of that reduction was through a reduction in fear of movement (14%
of the total effect), 5.15 units (–7.34, –2.96) was through an increase

in self-efficacy (69% of the total effect), and 5.79 units (–7.96, –3.63)
was through a reduction in weight (79%of the total effect).

Mediators of effects of Diet + Exercise compared to
Exercise. The full causal mediation analysis for effects of the
Diet + Exercise program on outcomes, compared to the Exercise
program, is shown in Table 6. For knee pain and physical func-
tion, the effects of the Diet + Exercise program versus the Exer-
cise program were both mediated by change in weight. The total
effect of the Diet + Exercise program versus the Exercise program
was a 0.56-point reduction in pain on the NRS (–1.05, –0.07), of
which an estimated 0.89 units (–1.31, –0.47) was through a

Table 3. Counts (proportions) at 6 months by group and relative risks and risk differences for each potential mediator between groups*

Counts (proportions)
at 6 months

Control
(n = 45

Exercise
(n = 137)

Diet + Exercise
(n = 163)

Exercise vs.
Control (n = 182) P

Diet + Exercise vs.
Control (n = 208) P

Diet + Exercise vs.
Exercise (n = 300) P

Unwilling to have
surgery, values†

Mean ± SD 19 ± 42.2 84 ± 61.3 116 ± 71.2 – – – – – –

Relative risk (95% CI)‡ – – – 1.40 (1.00, 1.97) 0.047 1.66 (1.22, 2.26) 0.001 – –

Risk difference
(95% CI)§

– – – 0.18 (0.02, 0.33) 0.027 0.28 (0.14, 0.42) <0.001 – –

* Relative risks and risk differences (95% confidence interval [95% CI]) estimated using separate logistic regressionmodels for each treatment group
comparison, adjusted for baseline mediator scores and the stratifying variable, history of knee surgery (arthroscopy or contralateral arthroplasty).
† Rated using a 5-point scale with terminal descriptors of “definitely not willing” to “definitely willing,” with those indicating “probably not will-
ing” or “definitely not willing” classified as unwilling to have knee surgery in the near future, and all other options classified as willing.
‡ Relative risks >1 favor the first named group in the pairwise comparison.
§ Risk differences >0 favor the first named group in the pairwise comparison.

Table 4. Estimated mean (95% CI) total, direct, and indirect effects of the Exercise program on change in symptoms (12 months minus baseline)
compared to the Control program (n = 182)*

Potential mediator†
Total effect,

mean (95% CI) P
Direct effect,
mean (95% CI) P

Indirect effect,
mean (95% CI) P

% mediated
(95% CI)‡

Knee pain (NRS)
Attitudes towards
self-management (PAM-13)

–0.69 (–1.44, 0.05) 0.067 –0.61 (–1.35, 0.13) 0.108 –0.09 (–0.28, 0.10) 0.367 12 (–52, 79)

Fear of movement (BFMS) –0.68 (–1.43, 0.06) 0.070 –0.49 (–1.27, 0.29) 0.218 –0.20 (–0.42, 0.03) 0.089 28 (–94, 171)
Self-efficacy (ASES) –0.70 (–1.45, 0.05) 0.068 –0.29 (–1.04, 0.46) 0.443 –0.40 (–0.75, –0.06) 0.023 54 (–183, 496)
Weight (kg) –0.68 (–1.42, 0.05) 0.069 –0.58 (–1.31, 0.16) 0.124 –0.11 (–0.28, 0.07) 0.228 15 (–86, 96)
Physical activity (IPEQ-W) –0.70 (–1.45, 0.05) 0.069 –0.61 (–1.37, 0.15) 0.116 –0.09 (–0.25, 0.07) 0.268 11 (–45, 77)
Unwilling to have surgery§ –0.70 (–1.45, 0.05) 0.066 –0.64 (–1.38, 0.10) 0.091 –0.06 (–0.23, 0.10) 0.461 6 (–22, 39)

Physical function (WOMAC)
Attitudes toward self-management
(PAM-13)

–4.88 (–8.01, –1.75) 0.002 –4.71 (–7.81, –1.62) 0.003 –0.17 (–0.80, 0.47) 0.603 3 (2, 9)

Fear of movement (BFMS) –4.79 (–7.92, –1.65) 0.003 –3.68 (–6.78, –0.58) 0.020 –1.11 (–2.15, –0.07) 0.037 23 (14, 60)
Self–efficacy (ASES) –4.99 (–8.13, –1.85) 0.002 –3.33 (–6.42, –0.23) 0.035 –1.66 (–3.04, –0.28) 0.018 33 (20, 92)
Weight (kg) –4.68 (–7.85, –1.51) 0.004 –4.37 (–7.48, –1.26) 0.006 –0.31 (–1.02, 0.40) 0.392 7 (4, 19)
Physical activity (IPEQ-W) –4.90 (–8.08, –1.72) 0.003 –4.66 (–7.78, –1.55) 0.003 –0.24 (–0.80, 0.32) 0.407 5 (3, 13)
Unwilling to have surgery§ –4.96 (–8.16, –1.76) 0.002 –4.85 (–7.98, –1.73) 0.002 –0.11 (–0.73, 0.52) 0.738 1 (1, 3)

* Adjusted for baseline mediator scores, baseline outcome scores, and the stratifying variable, history of knee surgery (arthroscopy or
contralateral arthroplasty); negative effects favor the Exercise group. 95% CI = 95% confidence interval; ASES = Arthritis Self-Efficacy Scale
(scored 3–30, with higher scores indicating greater self-efficacy); BFMS = Brief Fear of Movement Scale for osteoarthritis (scored 6–24, with
higher scores indicating greater fear); IPEQ-W = Incidental and Planned Exercise Questionnaire (“past week” version; scored 0–128, with higher
scores indicating higher levels of activity); NRS = numerical rating scale (rated 0–10, with higher scores indicating worse pain); PAM-13 = Patient
Activation Measure (scored 13–52, with higher scores indicating greater patient activation); WOMAC = Western Ontario and McMaster
Universities Osteoarthritis Index (physical function subscale; rated 0–68, with higher scores indicating worse function).
† Potential mediator is change in (6 months minus baseline) except for the binary mediator, unwilling to have surgery, which is at 6 months.
‡ If the sum of the proportion mediated exceeds 100%, then it is likely the mediators affect one another, or there are interactions between the
mediators (30).
§ Rated using a 5-point scale with terminal descriptors of “definitely not willing” to “definitely willing,” with those indicating “probably not will-
ing” or “definitely not willing” classified as unwilling to have knee surgery in the near future, and all other options classified as willing.
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change in weight. The total effect of the Diet + Exercise program
versus the Exercise program was a 3.09-point reduction in phys-
ical dysfunction on the WOMAC (–5.18, –0.99), of which an esti-
mated 4.02 units (–5.77, –2.26) was through a change in weight.

Associations between changes in potential mediators and
outcomes (Pathway C in Figure 1), where the change in the medi-
ator may or may not be attributed to group allocation
(i.e., intervention received), are shown in Supplementary Table 5,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25140. A comparison of
the results of the analyses for Pathways A and C in Figure 1 with
the results from the causal mediation analyses are provided in
Supplementary Table 6 (available at http://onlinelibrary.wiley.

com/doi/10.1002/acr.25140). However, only the causal media-
tion analyses results were used to investigate mediation (33).

Sensitivity analyses. Sensitivity analyses are presented in
Supplementary Table 2. Supplementary Table 3 and Supplemen-
tary Figures 1–6 (available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.25140)
show the value of the sensitivity parameter (rho) required to
change the direction of the indirect effect for each treatment com-
parison (mediator and outcome). Where the causal mediation
analysis results suggested mediation may be present, the sensi-
tivity analyses suggested the indirect effect changes to 0 and
then reverses direction at values of rho of at least 0.2. Although

Table 5. Estimated mean (95% CI) total, direct, and indirect effects of the Diet + Exercise program on change in symptoms (12 months minus
baseline) compared to Control program (n = 208)*

Potential mediator†
Total effect,

mean (95% CI) P
Direct effect,
mean (95% CI) P

Indirect effect,
mean (95% CI) P

% mediated
(95% CI)‡

Knee pain (NRS)
Attitudes towards
self-management (PAM-13)

–1.29 (–2.01, –0.57) <0.001 –1.19 (–1.90, –0.48) 0.001 –0.10 (–0.31, 0.11) 0.365 8 (5, 15)

Fear of movement (BFMS) –1.31 (–2.02, –0.61) <0.001 –1.23 (–1.95, –0.51) <0.001 –0.08 (–0.24, 0.08) 0.301 7 (4, 13)
Self-efficacy (ASES) –1.25 (–1.95, –0.54) <0.001 –0.48 (–1.25, 0.29) 0.226 –0.77 (–1.26, –0.28) 0.002 63 (40, 123)
Weight (kg) –1.27 (–1.97, –0.57) <0.001 –0.06 (–0.89, 0.76) 0.878 –1.20 (–1.73, –0.68) <0.001 96 (63, 190)
Physical activity (IPEQ-W) –1.29 (–2.00, –0.57) <0.001 –1.23 (–1.93, –0.53) <0.001 –0.05 (–0.15, 0.04) 0.269 4 (3, 8)
Unwilling to have surgery§ –1.31 (–2.03, –0.60) <0.001 –1.07 (–1.76, –0.38) 0.002 –0.24 (–0.51, 0.02) 0.070 13 (8, 27)

Physical function (WOMAC)
Attitudes towards
self-management (PAM-13)

–7.57 (–10.44, –4.70) <0.001 –6.81 (–9.63, –3.99) <0.001 –0.76 (–1.97, 0.45) 0.216 10 (7, 16)

Fear of movement (BFMS) –7.61 (–10.44, –4.78) <0.001 –6.48 (–9.37, –3.60) <0.001 –1.13 (–2.17, –0.08) 0.035 14 (10, 21)
Self-efficacy (ASES) –7.54 (–10.42, –4.67) <0.001 –2.39 (–5.35, 0.56) 0.113 –5.15 (–7.34, –2.96) <0.001 69 (49, 109)
Weight (kg) –7.41 (–10.19, –4.62) <0.001 –1.61 (–4.96, 1.74) 0.345 –5.79 (–7.96, –3.63) <0.001 79 (57, 125)
Physical activity (IPEQ-W) –7.58 (–10.49, –4.67) <0.001 –7.38 (–10.28, –4.47) <0.001 –0.20 (–0.65, 0.25) 0.378 3 (2, 4)
Unwilling to have surgery§ –7.67 (–10.66, –4.68) <0.001 –6.55 (–9.46, –3.64) <0.001 –1.12 (–2.30, 0.05) 0.061 10 (7, 16)

* Estimated mean adjusted for baseline mediator scores, baseline outcome scores and the stratifying variable, history of knee surgery
(arthroscopy or contralateral arthroplasty); for total, direct, and indirect effects. Negative effects favor the Diet + Exercise group. ASES = Arthritis
Self-Efficacy Scale; scored 3–30, with higher scores indicating greater self-efficacy. BFMS = Brief Fear of Movement Scale for osteoarthritis
(scored 6–24, with higher scores indicating greater fear); IPEQ-W = Incidental and Planned Exercise Questionnaire, “past week” version
(scored 0–128, with higher scores indicating higher levels of activity); NRS = numerical rating scale; rated 0–10, with higher scores indicating
worse pain; PAM-13 = Patient Activation Measure (scored 13–52, with higher scores indicating greater patient activation); WOMAC = Western
Ontario and McMaster Universities Osteoarthritis Index (physical function subscale; rated 0–68, with higher scores indicating worse function).
† Potential mediator is change in (6 months minus baseline) except for the binary mediator, unwilling to have surgery, which is at 6 months.
‡ If the sum of the proportion mediated exceeds 100%, then one of the following must be true: 1) There are other mediators with a negative
proportion mediated, 2) the mediators affect one another, or 3) there are interactions between the mediators (30).
§ Rated using a 5-point scale with terminal descriptors of “definitely not willing” to “definitely willing,” with those indicating “probably not will-
ing” or “definitely not willing” classified as unwilling to have knee surgery in the near future, and all other options classified as willing.

Table 6. Estimated mean (95% CI) total, direct, and indirect effects of the Diet + Exercise program on change in symptoms (12 months minus
baseline) compared to Exercise program (n = 300)*

Potential mediator†
Total effect,

mean (95% CI) P
Direct effect,
mean (95% CI) P

Indirect effect,
mean (95% CI) P

% mediated,
(95% CI)‡

Knee pain (NRS)
Weight (kg) –0.56 (–1.05, –0.07) 0.024 0.33 (–0.32, 0.99) 0.317 –0.89 (–1.31, –0.47) <0.001 –

Physical function (WOMAC)
Weight (kg) –3.09 (–5.18, –0.99) 0.004 0.93 (–1.84, 3.71) 0.510 –4.02 (–5.77, –2.26) <0.001 –

* Estimatedmean adjusted for baselinemediator scores, baseline outcome scores and the stratifying variable, history of knee surgery (arthros-
copy or contralateral arthroplasty). Negative effects favor the Diet + Exercise group. 95% CI = 95% confidence interval; NRS = numerical rating
scale (rated 0–10, with higher scores indicating worse pain); WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index (phys-
ical function subscale; rated 0–68, with higher scores indicating worse function).
† Potential mediator is change in (6 months minus baseline).
‡ Percent mediated not presented as the direct and indirect effects are in opposite directions (30).
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these appear large, there is no cutoff value for rho to judge the
robustness of the results to the violation of the ignorability
assumption (32). However, omitting an observed confounder
(the relevant mediator at baseline) reduced rho by at most 0.13,
suggesting 0.2 is a large critical value so results appear robust
to the violation of the ignorability assumption.

DISCUSSION

This study aimed to evaluate mediators of the effects of
2 telehealth-delivered exercise programs, including 1 program
with and 1 program without a weight-loss diet, on pain and phys-
ical function in people with knee OA. We found that reduced fear
of movement and increased arthritis self-efficacy may mediate
the effects of exercise, and diet and exercise, on improvements
in pain and physical function. In addition, weight loss may mediate
the effects of diet and exercise on pain and physical function,
compared to exercise only and to information only.

Our findings add to the limited similar research available. To

our knowledge, only 3 previous studies have evaluated mediators

of exercise for people with OA (11,12,34), and only 1 of those
evaluated psychosocial potential mediators (34). This 1 study, by

Rejeski and colleagues, found that self-efficacy did not mediate

the effects of exercise on physical function (34), which differs from

our findings. However, Rejeski et al used a measure of self-

efficacy for stair climbing rather than for arthritis symptom man-

agement as was used in our study. In combined diet and exercise

interventions compared to information alone, 2 previous studies

found that self-efficacy mediated effects on physical function (16)

and that weight loss mediated effects on pain and physical func-

tion (13), both of which concur with our findings. We also found

that weight loss may mediate the effects of our Diet + Exercise

program on pain and function when compared to exercise only.

To our knowledge, no previous studies have examined weight

loss as a potential mediator of the effects of diet and exercise

compared to exercise alone. Only 1 previous study (15) that

examined mediators of a diet and exercise program compared

to exercise only found that knee extensor strength and self-

efficacy for walking duration (neither of which were measured in

our study) mediated effects on physical function and the

6-minute walk test. Finally, we found that reduced fear of move-
ment may mediate the effects of both exercise and diet and exer-

cise on physical function. To our knowledge, no previous studies

examined fear of movement as a potential mediator, so further

research is required to confirm our findings.
We found no evidence of mediation by attitudes toward self-

management, physical activity, or willingness to have knee sur-
gery, for either diet and exercise or exercise alone. Attitudes
toward self-management or willingness to have surgery have not
previously been examined as potential mediators of exercise or
diet and exercise programs. One previous study (35) examined

physical activity as a potential mediator of a diet and exercise pro-
gram for people with knee OA, also finding no evidence of media-
tion on changes in pain. This suggests that these variables may
not contribute toward the mechanism of effect on symptoms of
pain and function, or the tools used to measure these domains
are problematic. Further research is needed to confirm our find-
ings and to evaluate whether they have an important role in other
outcomes such as quality of life, mental health, or health care
costs. Future interventions could explore inclusion of components
targeting “activation.”

Our findings have implications for the design of future exer-
cise and diet programs for people with knee OA. We found that
fear of movement and/or arthritis self-efficacy have important
roles in the mechanism of effect of exercise, and diet and exer-
cise, programs. Intuitively, it makes sense that greater belief in
one’s capability to manage their OA, and reduced fear of engag-
ing in exercising or physical activity, could contribute to greater
improvements in self-reported pain or physical function. Indeed,
arthritis self-efficacy has been found to have significant overall
associations with pain severity and function (36,37). There is also
evidence that greater arthritis-related self-efficacy is associated
with better overall health status and lower health care costs (38),
suggesting that there are potentially additional benefits. Similarly,
reduced fear of movement has been associated with lower pain
and better physical function (39–41). Collectively, this suggests
that future exercise, and diet and exercise, programs should
include elements that target self-efficacy and fear of movement.
For example, self-efficacy has been shown to be enhanced by
various strategies like motivational interviewing (42,43), pain-
coping skills training (44), education about self-management
(43,45,46), or a home-based exercise program (45,46), all of
which were key components of both of our programs. In addition,
education about OA using an empowerment and participatory
discourse (rather than a disease and impairment discourse) has
recently been shown to improve self-efficacy and fear of move-
ment and could be incorporated into the information provided in
our interventions (47). Other behavioral and psychological inter-
ventions targeting fear of movement (48) may also be helpful addi-
tional components and contribute to further improved physical
function.

We found that weight loss may mediate the effects of the diet
and exercise program on outcomes when compared to control
and to exercise alone. Our findings suggest that a 10 kg loss of
weight (approximately proportional to a 10% reduction in weight,
based on the mean weight of the cohort at baseline) corre-
sponded to a 1.2-unit (compared to control) and a 1.1-unit (com-
pared to exercise alone) improvement in pain (on the 0–10 NRS),
and a 5.8-unit and 4.8-unit improvement in physical function
(on the 0–68 WOMAC scale), respectively. These changes do
not quite reach the minimal clinically important difference (MCID)
for pain and function (1.8 units and 6.0 units, respectively [49]),
though MCIDs vary depending on the characteristics of the
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population and the treatment they receive (49). Indeed, a recent
systematic review that aimed to identify the most credible MCIDs
for outcomes in those with chronic knee pain stated that their best
estimates of MCIDs were �10% of the instrument’s total range
(50), suggesting a change of 1 NRS unit in pain may be consid-
ered worthwhile. In addition, if combined with other mechanisms
such as improvement in self-efficacy and fear of movement,
weight loss may contribute to clinically significant improvements
in outcomes. Weight loss is thought to alter mechanical pathways
and loading within the joint, contributing to reduced pain (5,51).
Weight loss has also been shown to lower joint inflammation and
change levels of joint biomarkers (52–54), improving quality of life
(including subdomains of physical functioning, vitality, stress, and
mental health) (55). There are numerous diets which could facilitate
weight loss in people with OA. Our study used a ketogenic VLCD,
which has been perceived by participants to be easy to use, conve-
nient, and effective (56). This is supported by other research sug-
gesting that ketogenic VLCDs are associated with significant
(10–16kg)weight loss inpeoplewhoareoverweight or obese,which
ismaintained at 2 years follow-up (57). Importantly, our diet program
also involved a suite of information booklets and behavior change
support that likely helped support weight loss (56), suggesting that
future exercise and weight-loss programs for this population may
consider including similar components.

Our study has limitations. Our findings should be interpreted
with caution, as other mediating factors, like joint loading, muscle
strength, and inflammatory biomarkers (none of which were mea-
sured in our trial), may also account for part of the treatment effects
(11,14). As potential mediators were examined separately in this
study, our analyses do not account for potential interactions
betweenmediators. For example, it is not clearwhether reduced fear
of movement led to improved arthritis self-efficacy, rather than the
program itself being responsible for the change in self-efficacy. In
addition, there may be other confounders that were not accounted
for; however, our sensitivity analyses suggested findingswere insen-
sitive to unmeasured mediator–outcome confounding. Our analysis
was based on participantswith complete data, and attrition rates dif-
fered across the 3 trial groups (6). This may have introduced bias if
missing data were related to mediators or outcomes; however, the
assumption that data weremissing completely at random appeared
reasonable since baseline characteristics were similar between
those with missing data versus those with complete data. Our find-
ings cannot necessarily be generalized to those without private
health insurance or to those residing outside of Australia. Finally, our
findings may also not be generalizable to exercise or diet programs
that do not include the level of behavior change support included in
our programs, such as use of motivational interviewing by clinicians,
and provision of bespoke booklets with behavior change activities.

In conclusion, increased arthritis self-efficacy, reduced fear of
movement, and weight loss may partially mediate telehealth-
delivered exercise program effects, including those programs
with and without diet, on pain and/or function in knee

OA. Weight loss may partially mediate the effect of diet and exer-
cise compared to exercise alone.
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Hip Abductor Weakness and Its Association With New or
Worsened Knee Pain: Data From the Multicenter
Osteoarthritis Study

Cara L. Lewis,1 Neil A. Segal,2 Gabriela V. Rabasa,1 Michael P. LaValley,1 Glenn N. Williams,3

Michael C. Nevitt,4 Cora E. Lewis,5 David T. Felson,1 and Joshua J. Stefanik6

Objective. Hip abductors, important for controlling pelvic and femoral orientation during gait, may affect knee pain.
Our objective was to evaluate the relation of hip abductor strength to worsened or new-onset frequent knee pain. Given
previously noted associations of knee extensor strength with osteoarthritis in women, we performed sex-specific
analyses.

Methods. We used data from the Multicenter Osteoarthritis study. Hip abductor and knee extensor strength was
measured. Knee pain was assessed using the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) questionnaire and a question about frequent knee pain at baseline (144-month visit), and 8, 16, and
24 months thereafter. Knee pain outcomes were worsened knee pain (2-point increase in WOMAC pain) and incident
frequent knee pain (answering yes to the frequent knee pain question among those without frequent knee pain at base-
line). Leg-specific analyses tested hip abductor strength as a risk factor for worsened and new frequent knee pain,
adjusting for potential covariates. Additionally, we stratified by knee extensor strength (high versus low).

Results. Among women, compared to the highest quartile of hip abductor strength, the lowest quartile had
1.7 (95% confidence interval [95% CI] 1.1–2.6) times the odds of worsened knee pain; significant associations were
limited to women with high knee extensor strength (odds ratio 2.0 [95% CI 1.1–3.5]). We found no relation of abductor
strength to worsening knee pain in men or with incident frequent knee pain in men or women.

Conclusion. Hip abductor weakness was associated with worsening knee pain in women with strong knee
extensors, but not with incident frequent knee pain in men or women. Knee extensor strength may be necessary, but
not sufficient, to prevent pain worsening.

INTRODUCTION

Knee osteoarthritis (OA) and knee pain are highly prevalent in

older adults and lead to poor function and increased disability. A

need exists to identify modifiable risk factors that can be targeted

in interventions in this population. Clinical guidelines recommend

exercise and strength training as a first line of treatment for knee

OA. Knee extensor weakness has been extensively studied as a

risk factor for knee OA and knee pain (1–6). Other muscles in the

lower extremity have also been implicated in the knee OA disease

process, but limited data exist on their relation to knee pain.

Hip abductor weakness and decreased muscle volume are

present in adults with knee OA (7–10). Hip abductors are impor-

tant for controlling the orientation of the pelvis on top of the femur

and the alignment of the femur relative to the tibia when weight-

bearing, both of which affect knee mechanics. Weakness of these

muscles may increase pelvic drop, a movement thought to con-

tribute to knee joint loading and pain (11,12), although direct mea-

surements of the knee adduction moment, a primary variable of

joint loading, in individuals with hip abductor weakness do not

support this assertion (13–15). Nonetheless, relationships

between hip abductor weakness and knee pain and function have
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been reported in individuals preceding (16) or following (17) total

knee arthroplasty. In individuals with knee OA, studies demon-

strate that strengthening hip abductors leads to reduced knee

pain and improved function (18–21).
Hip abductor weakness could be instrumental in the devel-

opment or worsening of knee pain. Cross-sectional and interven-
tional studies cannot distinguish whether the weakness is a result
of or a contributor to the development of knee pain. Longitudinal
studies are necessary to elucidate relationships between this
potentially modifiable factor and the risk for pain. To date, no
studies have investigated the relation of hip abductor weakness
to new-onset or worsening knee pain. Chang et al reported that
greater baseline hip abductor strength was associated with
reduced risks of cartilage worsening and function (repeated chair
stands and self-reported function) (22); however, they did not
assess relations with knee pain.

While evaluations often focus on weakness in individual mus-
cles, such as the hip abductors, the observed weakness may
indicate overall decreased muscle strength due to deconditioning
and thus may not be muscle specific. Therapeutic interventions
are frequently designed to address weakness in individual mus-
cles noted during evaluation, emphasizing the importance of a
thorough evaluation. Currently, no studies have investigated the
contribution of hip abductor weakness to knee pain while consid-
ering the presence or absence of knee extensor muscle
weakness.

Thus, the purpose of this study was to evaluate the longitudi-
nal relation of hip abductor strength to worsened or new-onset
knee pain. As knee extensor strength is known to have a sex-
specific effect on knee pain, we analyzed this relationship in the
entire cohort as well as separately for women and men. We also
evaluated this relationship with and without stratifying by knee
extensor strength, to investigate whether any relationship noted
is specific to the hip abductor muscles or more generally a reflec-
tion of overall muscle weakness.

PATIENTS AND METHODS

Study sample. We used data from the Multicenter
Osteoarthritis (MOST) study. The MOST study is a prospective,

observational, National Institutes of Health–funded cohort study
of risk factors for the incidence and progression of knee OA (23).
The original cohort was enrolled between 2003 and 2005 at the
Iowa City, Iowa and Birmingham, Alabama study sites. Eligible
participants were age 50–79 years at the initial study visit and
were at high risk of symptomatic knee OA, defined as either hav-
ing knee pain, being overweight, or having a history of knee injury
or surgery. At 144 months, participants from the original cohort
without end-stage knee OA were invited to return for a study visit.
This 144-month study visit for the original cohort was the baseline
visit for this analysis. At this same time, a new cohort was
recruited. Eligibility for the new cohort included individuals ages
45–69 years, without severe or constant knee pain, and with at
most mild radiographic OA (all Kellgren/Lawrence [K/L]
grades ≤2). Additional exclusion criteria for hip and knee strength
testing were high blood pressure on the day of the examination,
any history of a brain aneurysm, cerebral hemorrhage in the past
6 months, knee or hip replacement or back surgery in the previ-
ous 3 months, heart attack or cataract surgery in the past
6 weeks, or groin hernia that has not been operated on. This initial
study visit for the new cohort was the baseline visit for this analy-
sis. There was considerable overlap between the 2 cohorts, as
many of the original cohort still did not have OA and many in the
new cohort had mild OA. The MOST study was approved by the
local institutional review board at each site, and all participants
gave informed consent.

Hip abductor and knee extensor strength
assessment. At the baseline visit (144-month visit for the original
cohort, initial visit for the new cohort), participants had hip abduc-
tor and knee extensor muscle strength measured in each leg.
Briefly, hip abductor and knee extensor strength were measured
with the participant seated in the chair of a HUMAC NORM Test-
ing and Rehabilitation System (Computer Sports Medicine). For
assessment of isometric hip abductor strength, the chair was
positioned with the seat back at approximately 15 degrees from
horizontal. An additional leg rest extension was provided to posi-
tion the knees in neutral extension. A custom-built device to mea-
sure force with a load cell (MLP-150, Transducer Techniques)
was positioned at the level of the lateral femoral epicondyle. The
distance between the greater trochanter and the location of the
load cell was measured as an estimation of lever arm distance.
Force was multiplied by this distance to obtain the torque mea-
surement of hip abductor strength. A wide velcro strap was
placed at the level of the anterior superior iliac spines and tight-
ened snugly to stabilize the pelvis during testing. Legs were posi-
tioned shoulder width apart, with the toes pointing upward
toward the ceiling. Contralateral to the hip being tested, a large
padded block was secured to maintain the position of the contra-
lateral leg. Individuals were instructed to push as hard as they
could against a stationary padded bar positioned at the lateral
femoral epicondyle of the knee. They maintained the contraction

SIGNIFICANCE & INNOVATIONS
• Hip abductor strength affects pelvic orientation dur-

ing gait and may alter moments across the knee.
• Hip abductor weakness increased knee pain in

women, especially thosewith strong knee extensors.
• There was no association of hip abductor strength

with knee pain in men.
• Few studies have examined the longitudinal associa-

tion of hip abductor strength with knee pain, even
though itmay be a target of rehabilitation strategies.
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for approximately 3 seconds before resting. The measurement
was repeated 3 times, with 10 seconds between each trial.
Participants were provided with the opportunity to practice at
approximately 50% effort to become accustomed to the proce-
dures before data were recorded at full effort. Verbal encourage-
ment was provided during each trial. Test–retest reliability was
assessed in 60 participants tested 2 times, approximately 7 days
apart. The intraclass correlation coefficient (ICC) for hip abduction
strength was 0.80 with a 95% confidence interval (95% CI)
of ±0.09.

As a measure of knee extensor strength, we used the
1-repetition maximum isotonic knee strength obtained as part of
the larger study using the torque motor of the HUMAC NORM
testing system. Individuals were positioned within the HUMAC
NORM with the seat back positioned at 85 degrees relative to
horizontal with the thigh strapped to the seat. Participants were
instructed to fully extend the knee from a position of approxi-
mately 90 degrees of flexion by pushing as hard and as fast as
they could. Resistance was increased until the participant was
unable to complete the full range of motion. The highest load par-
ticipants were able to move through the full range of motion was
considered their knee extensor strength. Participants were given
30 seconds of rest between repetitions to minimize muscle
fatigue. The ICC for this measurement was 0.80 with an approxi-
mate 95% CI width of ±0.09.

Assessment of knee pain. Knee pain was assessed
using the Western Ontario and McMaster Universities Osteoar-
thritis Index (WOMAC) questionnaire (24). WOMAC was adminis-
tered at the baseline visit for this analysis and then 8, 16, and
24 months later. Frequent knee pain was assessed by asking
the question, “Have you had knee pain, aching, or stiffness on
most of the last 30 days?” We then characterized 2 knee pain
outcomes. First, using the WOMAC pain subscale, we defined
worsened as an increase in pain score by at least 2 on the 0–20
scale (25). We characterized each knee as having worsened pain
if reported pain was worse than baseline for at least 2 of the 3 fol-
low-ups. Among those who did not report frequent knee pain at
baseline, we characterized the knee as having new frequent knee
pain if they responded yes to the frequent knee pain question for
at least 2 of the 3 follow-ups. Knees with WOMAC pain >18 or
with frequent knee pain at baseline were also excluded from the
individual analyses.

Statistical analysis. We carried out leg-specific analyses
(i.e., 1 participant could contribute 2 observations) using logistic
regression to assess hip abductor weakness (sex-specific quar-
tiles) as a risk factor for ipsilateral worsened (WOMAC) and new-
onset frequent knee pain, accounting for the correlation between
limbs with generalized estimating equations and adjusting for
age, sex, body mass index, race (White versus non-White),
depressive symptoms (using the Center for Epidemiological

Studies Depression Scale score >15) (26,27), and radiographic
tibiofemoral OA (K/L grade ≥2) in that knee. The baselineWOMAC
pain score was also accounted for as a continuous variable in the
WOMAC pain worsening analyses. Analyses were first conducted
in the entire cohort and then separately for women and men since
sex-specific differences in the effect of muscle weakness on OA
outcomes have been reported (1–4). Participants were excluded
from analyses if they were missing outcome measurements or
covariates. All analyses were conducted in SAS 9.4, with an alpha
of 0.05, 2-sided.

We were also interested in the relation of hip abductor
strength to knee pain while accounting for knee extensor
strength. Because hip abductor strength and knee extensor
strength are highly correlated in our sample (r = 0.7), including
both in the same model has limitations. Instead, we stratified our
analysis by knee extensor strength (high versus low using the
median value, which was 37 Nm for women and 60 Nm for
men). This approach allowed us to evaluate the relation of hip
abductor strength to pain in those with stronger knee extensors
(greater than the median) and those with weaker knee extensors
(less than the median).

Analyses of lower-extremity muscle strength often divide the
strength values by body mass and may divide by a measure of
height as well. Normalizing data by dividing by body mass and/or
height introduces an interaction without separately assessing the
variables in the interaction (28–30). Therefore, we choose not to
normalize strength values.

RESULTS

Of the 3,447 participants in the MOST study, participants
or knees were removed from analysis for multiple reasons. A
total of 1,058 participants were removed for not having hip
abductor force; these were due to exclusion factors or
strength testing equipment not being available. In total,
153 participants had missing or inconsistent lever arm
(i.e., thigh length) measures. After removing ineligible knees,
the remaining knees with missing covariates were removed;
the majority of these were missing knee extensor strength
(Figure 1). A total of 2,167 and 2,028 participants contributed
4,142 and 3,993 knees, respectively, to the WOMAC pain
and frequent knee pain analyses. Characteristics of the par-
ticipants are in Table 1.

In the full cohort, compared to the highest (strongest) quartile
of hip abductor strength, the lowest quartile (weakest) was asso-
ciated with 1.5 (95% CI 1.1–2.0) times greater odds of worsened
knee pain (Table 2). There was also a significant linear trend
across quartiles of hip abductor strength (P = 0.01). There was
no relation between hip abductor strength and incident frequent
knee pain in the full cohort.

In sex-specific analyses, among women compared to the
highest (strongest) quartile of hip abductor strength, the lowest
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quartile (weakest) was associated with 1.7 (95% CI 1.1–2.6) times
greater odds of worsened knee pain (Table 3). There was also a
significant linear trend across quartiles of hip abductor strength
(P = 0.02). There was no relation between hip abductor strength
and incident frequent knee pain in women. In men, there was no
relation to either pain outcome (Table 4).

In participants with greater than the median knee extensor
strength, compared to the highest (strongest) quartile of hip
abductor strength, the lowest quartile (weakest) was associated
with 1.5 (95% CI 1.0–2.4) times greater odds of worsened knee
pain (Table 5) (P for linear trend = 0.04). In women with high knee
extensor strength, compared to the highest (strongest) quartile of

3,447 par�cipants  
(6,894 knees) 

2,389 par�cipants 
(4,778 knees) 

Knees with missing hip abductor force 
measurements at baseline 

1,058 par�cipants 
(2,116 knees)

2,236 par�cipants 
(4,472 knees) 

Knees with missing/inconsistent 
lever arm measurement 

153 par�cipants 
(306 knees) 

2,212 par�cipants 
(4,365 knees) 

2,028 par�cipants 
(4,004 knees) 

Knees ineligible for 
worsening WOMAC 

107 knees 

Knees ineligible for 
incident FKP 

468 knees 

2,167 par�cipants 
(4,142 knees) 

2,028 par�cipants 
(3,992 knees) 

Knees with missing 
covariates 
223 knees 

Knees with missing 
covariates 
12 knees 

Figure 1. Flow chart depicting derivation of participants included in the analysis for worsened Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) knee pain and for new-onset frequent knee pain (FKP).

Table 1. Cohort characteristics by sex*

WOMAC sample Frequent knee pain sample

Women Men Women Men
(n = 2,332 knees) (n = 1,810 knees) (n = 2,221 knees) (n = 1,771 knees)

Age, years 62.3 ± 9.9 62.0 ± 10.0 61.8 ± 9.8 61.6 ± 9.8
Body mass index, kg/m2 28.6 ± 5.8 29.7 ± 4.9 28.5 ± 5.7 29.7 ± 4.8
Depressive symptoms, % 12.4 10 11.8 9.7
White, % 77.2 82.1 77.6 82
Radiographic tibiofemoral OA, % 28.1 21.8 30.2 23.1
Hip abductor strength, Nm 73.26 ± 24.21 114.51 ± 34.50 74.20 ± 24.03 114.80 ± 34.49
Knee extensor strength, Nm 41.47 ± 13.59 67.10 ± 22.75 41.94 ± 13.61 67.64 ± 22.8
WOMAC pain at baseline 2.2 ± 2.9 1.8 ± 2.6 2.1 ± 2.9 1.7 ± 2.5
WOMAC pain worsened, % 13.8 13.5 12.8 13
New frequent knee pain, % 6.5 6.2 6.5 6.2

* Values are the mean ± SD unless indicated otherwise. OA = osteoarthritis; WOMAC = Western Ontario and McMaster Universities
Osteoarthritis Index.
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hip abductor strength, the lowest quartile (weakest) was associ-
ated with 2.0 (95% CI 1.1–3.5) times greater odds of worsened
knee pain (Table 5) (P for linear trend = 0.03). There was no rela-
tion in women with either high or low knee extensor strength to
incident frequent knee pain. In men, there was no relation in either
the high or low knee extensor strength group to either pain
outcome.

DISCUSSION

This study evaluated the relation of hip abductor strength to
worsening or new onset of frequent knee pain, with and without
stratifying by knee extensor strength. In women, hip abductor
weakness was strongly associated with WOMAC knee pain
worsening. When stratifying by knee extensor strength, this effect
persisted in women with stronger, but not in those with weaker,
knee extensor muscles. In men, however, there was no associa-
tion between hip abductor strength andWOMAC knee pain wors-
ening. In neither women nor men was hip abductor strength
associated with incidence of frequent knee pain. Overall, we

found differences in effect between women and men, highlighting
the importance of using sex-stratified analyses, especially in mus-
culoskeletal conditions with known sex differences.

Our hip abductor strength values and distributions were gen-
erally consistent with those in the literature (22,31). Our values for
knee extensor strength were lower than in the literature and lower
than our measure of hip abductor strength. This finding is likely
attributable to differences in methods. We used an isotonic
1-repetition maximum measurement for knee extensor strength
that may result in slightly lower values than would have been
obtained with an isometric measurement. As we do not compare
between hip abductor and knee extensor strength, the measure-
ment differences are unlikely to impact our findings.

Hip abductor weakness has been hypothesized to increase
contralateral pelvic drop, a movement thought to contribute to
knee joint loading and pain (11,12). This presumed mechanism
whereby abductor weakness increases the knee adduction
moment during walking, a primary variable of joint loading, has
not been supported (13–15). While hip abductor weakness has
been correlated with peak pelvic drop (32), strength alone does

Table 2. Relation of quartiles of hip abductor strength to knee pain*

Incident frequent knee pain WOMAC pain worsening
(n = 3,992; 255 events) (n = 4,142; 567 events)

Hip abductor strength quartiles Frequency of outcome OR (95% CI)† Frequency of outcome OR (95% CI)†

Q1 (weakest) 82/997 (8.2) 1.2 (0.8–1.8) 189/1,035 (18.3) 1.5 (1.1–2.0)
Women: 18.45–55.55
Men: 27.24–91.00

Q2 59/998 (5.9) 1.0 (0.7–1.4) 133/1,036 (12.8) 1.1 (0.8–1.5)
Women: 55.56–72.36
Men: 91.01–110.95

Q3 59/999 (5.9) 1.0 (0.7–1.4) 126/1,037 (12.2) 1.1 (0.8–1.4)
Women: 72.37–88.23
Men: 110.96–135.87

Q4 (strongest) 55/998 (5.5) 1.0 (Ref.) 119/1,035 (11.5) 1.0 (Ref.)
Women: 88.24–164.20
Men: 135.88–266.50

P for trend – 0.5 – 0.01

* Values are the number/total number (%) unless indicated otherwise. 95% CI = 95% confidence interval; OR = odds ratio; Ref. = reference;
WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
† OR adjusted for age, sex, race, body mass index, depressive symptoms, radiographic tibiofemoral osteoarthritis, and baseline WOMAC
pain score (for WOMAC analysis only).

Table 3. Relation of hip abductor strength to knee pain in women*

Incident frequent knee pain WOMAC pain worsening
(n = 2,221; 145 events) (n = 2,332; 322 events)

Hip abductor strength quartiles Frequency of outcome OR (95% CI)† Frequency of outcome OR (95% CI)†

Q1 (weakest): 18.45–55.55 49/555 (8.8) 1.2 (0.7–2.1) 111/583 (19.0) 1.7 (1.1–2.6)
Q2: 55.56–72.36 39/555 (7.0) 1.1 (0.6–1.8) 83/583 (14.2) 1.4 (0.9–2.1)
Q3: 72.37–88.23 27/556 (4.9) 0.9 (0.5–1.5) 71/584 (12.2) 1.3 (0.8–1.9)
Q4 (strongest): 88.24–164.20 30/555 (5.4) 1.0 (Ref.) 57/583 (9.8) 1.0 (Ref.)
P for trend – 0.5 – 0.02

* Values are the number/total number (%) unless indicated otherwise. 95% CI = 95% confidence interval; OR = odds ratio; Ref. = reference;
WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
† OR adjusted for age, sex, race, body mass index, depressive symptoms, radiographic tibiofemoral osteoarthritis, and baseline WOMAC
pain score (for WOMAC analysis only).
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not determine movement patterns. With our data, we were unable
to determine how hip abductor weakness affected knee adduc-
tion moment or movement patterns in our cohort.

Hip abductor strength is associated with WOMAC physical
function (33) and does contribute uniquely to the explained vari-
ance in performance-based measures of physical function, even
after accounting for knee extensor strength (17,34). Hip abductor
strength has also been related to turning speed (35), a metric not
typically captured during straight walking, providing a potential
explanation for why hip abductor strength affects function without
changing knee adduction moment during walking. Similarly, inter-
ventions that target hip abductor strength have been effective in
reducing symptoms and improving function (16,18,19).

While hip abductor weakness was strongly associated with
WOMAC knee pain worsening in women, there was no relation
to incident frequent knee pain, suggesting that these 2 measures
capture different aspects of the pain experience. The WOMAC
pain subscale focuses on the difficulty caused by pain during dif-
ferent activities and at rest; frequent knee pain focuses on fre-
quency of knee pain. An individual could have increased difficulty
with activities due to pain (worsened WOMAC pain), without hav-
ing pain more often (incident frequent knee pain). In our sample,
we had twice as many individuals experience worsened WOMAC
pain than individuals who had incident frequent knee pain.

The sex difference in the effect of hip abductor strength is
consistent with findings of Chang et al (22). Hip abductor strength

may be more important for women due to their structure,
movement patterns, and/or an increased need for muscle to sta-
bilize joints. For example, the female pelvis is wider and broader
than the male pelvis (36–38); women typically have more hip ante-
version and knee valgus than men (39). During walking, women
tend to maintain the pelvis in a more anterior pelvic tilt (40) and
have greater excursion of the pelvis in the frontal (41–43) and
transverse planes (42–44). Women may be more flexible than
men (45), suggesting more reliance on muscle strength for stabil-
ity, although data on this possibility are not consistent (46). The
combined effect of these differences may indicate both a need
for greater muscle strength due to structural differences and a
greater reliance on muscle strength for joint stability in women
than in men.

The relationship of hip abductor weakness to worsening
knee pain was affected by knee extensor strength in women. In
the group with low knee extensor strength, there was no relation
between hip abductor strength and pain; however, in the group
with high knee extensor strength, individuals with hip abductor
weakness were at an increased risk of worsened knee pain.
Chang et al noted a similar effect of hip abductor strength on
structural damage and function (22). While our findings suggest
that hip abductor strength may be uniquely important in those
with strong knee extensors, risk factors for disease are often bet-
ter detected in those who have few other risk factors, a concept
underlying the rich contributions of groups with particular dietary

Table 5. Relation of hip abductor strength quartiles to knee pain in those with knee extensors strength greater than median: WOMAC pain
worsening*

Full cohort Women only
(n = 2,284; 277 events) (n = 1,361; 155 events)

Hip abductor strength quartiles Frequency of outcome OR (95% CI)† Frequency of outcome OR (95% CI)†

Q1 (weakest) 45/235 (19.2) 1.5 (1.0–2.4) 28/140 (20.0) 2.0 (1.1–3.5)
Q2 62/490 (12.7) 1.2 (0.8–1.7) 40/304 (13.2) 1.3 (0.8–2.2)
Q3 77/681 (11.3) 1.0 (0.7–1.5) 42/402 (10.5) 1.1 (0.7–1.9)
Q4 (strongest) 93/878 (10.6) 1.0 (Ref.) 45/515 (8.7) 1.0 (Ref.)
P for trend – 0.04 – 0.03

* Values are the number/total number (%) unless indicated otherwise. 95% CI = 95% confidence interval; OR = odds ratio; Ref. = reference;
WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
† OR adjusted for age, sex, race, body mass index, depressive symptoms, radiographic tibiofemoral osteoarthritis, and baseline WOMAC
pain score. Median knee extensor values were 37 Nm for women and 60 Nm for men.

Table 4. Relation of hip abductor strength to knee pain in men*

Incident frequent knee pain WOMAC pain worsening
(n = 1,771; 110 events) (n = 1,810; 245 events)

Hip abductor strength quartiles Frequency of outcome OR (95% CI)† Frequency of outcome OR (95% CI)†

Q1 (weakest): 27.24–91.00 33/442 (7.5) 1.1 (0.6–2.1) 78/452 (17.3) 1.3 (0.8–1.0)
Q2: 91.01–110.95 20/443 (4.5) 0.8 (0.4–1.4) 50/453 (11.0) 0.9 (0.6–1.3)
Q3: 110.96–135.87 32/443 (7.2) 1.0 (0.6–1.8) 55/453 (12.1) 0.8 (0.6–1.3)
Q4 (strongest): 135.88–266.50 25/443 (5.6) 1.0 (Ref.) 62/452 (13.7) 1.0 (Ref.)
P for trend – 0.99 – 0.3

* Values are the number/total number (%) unless indicated otherwise. 95% CI = 95% confidence interval; OR = odds ratio; Ref. = reference;
WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
† OR adjusted for age, sex, race, body mass index, depressive symptoms, radiographic tibiofemoral osteoarthritis, and baseline WOMAC
pain score (for WOMAC analysis only).
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habits (e.g., Seventh-day Adventists) to our understanding of risk
factors for heart disease (47,48). Those with strong knee exten-
sors constitute those without a major risk factor for knee pain.
Even so, our findings highlight the fact that, while knee extensor
strength is necessary, it may not be sufficient. Intervention pro-
grams targeted at reducing the risk of knee pain should address
both hip abduction and knee extension.

The study findings conducted in individuals with or at risk of
knee OA are generalizable to similar populations, but may not
generalize to a younger cohort. Similarly, the use of study-specific
quartiles instead of predefined cut points may limit generalizability
to other study populations. Other limitations exist. The impact of
hip abductor strength on knee pain may depend on the location
of knee pain; subclassifying the individuals based on knee pain
location may demonstrate different relationships. The use of iso-
metric hip abductor strength measured in a single hip position
may not fully capture hip strength as used in functional activities,
especially our selected position of neutral hip rotation. Knee
extensor strength was measured isotonically, not isometrically,
potentially influencing our results and interpretation; the motion
captured also may not reflect strength during function, given the
seated position. The WOMAC threshold used to define worsened
may not capture all worsening experiences. The limited number of
cases, especially for incident frequent knee pain, may have
reduced our ability to detect small-to-moderate associations.

Hip abductor weakness is associated with worsening knee
pain in women, but not men, in this cohort. Hip abductor weak-
ness was not associated with incident frequent knee pain in either
women or men. A focus on strength beyond that of knee exten-
sors alone may provide a comprehensive understanding of how
lower extremity muscle strength affects knee pain.
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Examination of the Increased Risk for Falls Among
Individuals With Knee Osteoarthritis: A Canadian
Longitudinal Study on Aging Population-Based Study

Jessica M. Wilfong, Anthony V. Perruccio, and Elizabeth M. Badley

Objective. To characterize the profile of individuals with and without knee osteoarthritis (OA) who fell, and to
identify factors contributing to an individual with knee OA experiencing 1 or multiple injurious falls.

Methods. Data are from the baseline and 3-year follow-up questionnaires of the Canadian Longitudinal Study on
Aging, a population-based study of people ages 45–85 years at baseline. Analyses were limited to individuals either
reporting knee OA or no arthritis at baseline (n = 21,710). Differences between falling patterns among those with and
without knee OA were tested using chi-square tests and multivariable-adjusted logistic regression models. An ordinal
logistic regression model examined predictors of experiencing 1 or more injurious falls among individuals with
knee OA.

Results. Among individuals reporting knee OA, 10% reported 1 or more injurious falls; 6% reported 1 fall, and 4%
reported 2+ falls. Having knee OA significantly contributed to the risk of falling (odds ratio [OR] 1.33 [95% confidence
interval (95% CI) 1.14–1.56]), and individuals with knee OA were more likely to report having a fall indoors while stand-
ing or walking. Among individuals with knee OA, reporting a previous fall (OR 1.75 [95% CI 1.22–2.52]), previous frac-
ture (OR 1.42 [95% CI 1.12–1.80]), and having urinary incontinence (OR 1.38 [95% CI 1.01–1.88]) were significant
predictors of falling.

Conclusion. Our findings support the idea that knee OA is an independent risk factor for falls. The circumstances in
which falls occur differ from those for individuals without knee OA. The risk factors and environments that are
associated with falling may provide opportunities for clinical intervention and fall prevention strategies.

INTRODUCTION

Falls are a leading cause of morbidity and mortality in older

adults and pose a major public health concern. Estimates in the

2017 Global Burden of Diseases Study ranked falls as the eigh-

teenth leading cause of disability-adjusted life years and the sec-

ond leading cause of death due to unintentional injuries (1,2).

Recurrent fallers, those who fall 2 or more times per year,

experience greater morbidity than those who are not recurrent

fallers (3).
Knee osteoarthritis (OA) is a leading cause of disability and a

known risk factor for falls (4–10). Data from a representative

national sample in the US showed that older adults with arthritis

are at an increased risk of fall-related injuries, and are more than

twice as likely to have recurrent falls compared to people without

any arthritis (7). Another study found that older adults with knee

OA had an increased risk of recurrent falls regardless of the sever-

ity of their OA (10). The incidence of both falls and knee OA are

predicted to increase with the aging population (11). Despite this

prediction, factors that contribute to the risk of falling among peo-

ple with knee OA are not yet well understood. A recent systematic

review examined the risk factors for falls in adults with knee OA

and found that only limited to moderate evidence is available

(12). Within the current body of literature examining risk factors

for falling among people with knee OA, evidence is lacking for

many of the known risk factors among the general population,
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as well as the identification of risk factor profiles, such as those

who are recurrent fallers versus those who are not.
The etiology of falls is multifactorial. They can be caused by

intrinsic factors (person-related), extrinsic factors (environment-
related), or behavioral factors (activity-related). Many falls result
from a complex interaction of risk factors, so that identifying those
most at risk is difficult (13). For recurrent fallers, intrinsic risk fac-
tors play a greater role than extrinsic or behavioral factors (14).
The most common intrinsic factors reported are advanced age,
impaired balance and gait, visual impairment, and the presence
of certain diseases (13,15,16).

The purpose of the current study was to characterize the
profile of risk factors for falling among those with knee OA and
those without knee OA, and to examine where and how a fall
occurred using a representative sample of the Canadian popula-
tion. Additionally, we sought to identify intrinsic factors that con-
tributed to an individual with knee OA experiencing 1 or multiple
injurious falls.

MATERIALS AND METHODS

Data were obtained from the baseline and 3-year follow-up
of the Canadian Longitudinal Study on Aging (CLSA), collected
between September 2011 and December 2015. The CLSA is a
longitudinal study that will follow approximately 50,000
community-dwelling Canadians ages 45–85 years over a
period of 20 years or until death to gain insight into the devel-
opment of disease and disability throughout the aging process.
The design and recruitment of the 2 cohorts comprising this
study has been described fully elsewhere (17). The compre-
hensive cohort, used for the present study, consists of a
community-based sample of 30,097 individuals who reside
within a 50 km radius of 11 data collection sites (Victoria,
Vancouver, Surrey, Calgary, Winnipeg, Hamilton, Ottawa,

Montreal, Sherbrooke, Halifax, and St. John’s) across
7 Canadian provinces. Participants provided information
through questionnaires and through physical examinations
performed at the data collection sites. Participants were
excluded if they could not communicate in English or French,
had a cognitive impairment at the time of contact, were a full-
time member of the Canadian Armed Forces, were a resident
in a long-term care institution, or were living on reserves or
other Aboriginal settlements. Additionally, no proxy responses
were allowed at baseline, but were available as an option for
those who screened positive for a cognitive impairment at
follow-up. None of the participants in the present study used
a proxy respondent. The present study received ethics
approval from the University Health Network’s Research Ethics
Board.

Analytic sample. The Comprehensive cohort of the CLSA
included 30,097 individuals at baseline. Individuals were asked
at baseline if they have knee OA (yes/no). They were also asked
if they have hand OA (yes/no), hip OA (yes/no), rheumatoid arthri-
tis (yes/no), or other arthritis (yes/no). Those indicating any of the
additional types of arthritis and no knee OA were excluded from
further consideration in analyses. This exclusion left an analytic
sample of 21,710 individuals with and without knee OA.

Outcome. The outcome of interest was whether an individ-
ual reported an injurious fall in the year leading up to the follow-up
questionnaire. Falls were determined from questions asking par-
ticipants whether they had any injuries that were serious enough
to limit some of their normal activities in the last 12 months and
asking whether any of their injuries were caused by a fall. Those
who responded yes to both were then asked how many times
they had fallen in the past 12 months. We categorized the number
of falls as none (0), 1, or multiple (2+).

Where and how the fall occurred. Participants who
reported experiencing a fall in the 12 months leading up to the
follow-up questionnaire were asked where the fall that resulted
in the most serious injury or problem occurred. The response
options were: 1) inside of your home, 2) outside of your home,
but inside a building, and 3) outdoors. We collapsed the former
2 groups to compare indoors versus outdoors. Those who
responded that their fall occurred indoors were then asked how
their fall occurred. For analysis we categorized the response
options into 4 groups: fell while standing or walking, fell on stairs
or steps, fell while exercising (except walking), and other (which
included fell from height of >1 meter or 3 feet, fell from furniture,
fell while getting in or out of the bathtub, or fell while getting in or
out of the shower). For those who responded that their fall
occurred outdoors the response options were similar, except
the “other” category excluded response options such as “fell

SIGNIFICANCE & INNOVATIONS
• We confirmed knee osteoarthritis (OA) as an

independent risk factor for experiencing 1 or more
injurious falls compared to thosewithout kneeOA.

• It is important to consider environmental factors
when assessing the risk of falling among individuals
with knee OA. Those with knee OAwere muchmore
likely to report having an injurious fall indoors ver-
sus outdoors, or while standing or walking indoors
compared to those without knee OA.

• Urinary incontinence was found to be a unique risk
factor that was associated with a risk of falling for
those with knee OA. That 20% of fallers with knee
OA reported this condition suggests the risk of fall-
ing is likely to be increased by the limitations in
mobility, namely poor balance, associated with
knee OA.
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while getting in or out of the bathtub” and included additional
options such as “fell on snow or ice.”

Baseline sociodemographic and health variables.
The occurrence of an injurious fall in the year preceding baseline
was determined in the same way as stated above for the out-
come. Knee OA was determined from a positive response to the
question “Has a doctor ever told you that you have osteoarthritis
in the knee?” Age was categorized into 10-year intervals (45–54,
55–64, 65–74, and 75–85). Body mass index (BMI; weight/height
[kg/m2]) was calculated from measured height and weight and
then categorized as under/normal weight (<24.9), overweight
(25–29.9), or obese (≥30). Respondents were also asked how
often in the past 12 months they drank alcohol, which we catego-
rized as never, ≤1/week, 2–5/week, and 6+/week. Respondents
were considered to have knee symptoms if they responded yes
to having had knee pain on most days, or knee pain while climbing
down stairs or walking down slopes, or knee swelling in the past
4 weeks. Respondents were determined to have a lower-
extremity fracture if they reported ever having suffered a break or
fracture in their leg, ankle, foot/toes, hip, or knee. Participants
were asked to self-rate their vision, and responses were dichoto-
mized as those with vision problems (fair or poor) and those with-
out vision problems (excellent or very good or good).

Chronic conditions. Specific chronic conditions and
groups of conditions that are known to be associated with falls
were assessed as separate predictors. These included respira-
tory conditions (chronic obstructive pulmonary disease, asthma),
cardiovascular disease (CVD; heart disease, stroke, transient
ischemic attack), urinary incontinence, neurologic conditions
(Parkinson’s disease, multiple sclerosis, epilepsy), diabetes melli-
tus or taking medication for diabetes mellitus, high blood pressure
or taking medication for high blood pressure, and depression or
taking medication for depression. All chronic conditions were
self-reported as diagnosed by a doctor.

Performance-based tests. Three performance-based
tasks were considered in this study, the 1-leg standing balance
test, the timed-up-and-go (TUG), and the chair rise test. For the
standing balance test, participants began by standing 1 meter
from a wall, facing the wall. The time (in seconds) that they were
able to balance on 1 foot before their foot touches the ground or
they lose balance and touch the wall was recorded with a maxi-
mum time of 60 seconds. A cutoff based on previous work pub-
lished with this data set was chosen to be 4.5 seconds (18); a
time of 4.5 seconds or less indicates impaired balance. The TUG
was used to assess mobility. Participants began by sitting back
in a standard chair with armrests. The time (in seconds) was
recorded for how long it takes the participant to stand up from
the chair, walk 3 meters, turn around, walk back to the chair and
sit down again at their normal pace. A cutoff of 14.2 seconds

was used (18); a time of 14.2 seconds or more indicates impaired
mobility. The chair-rise test assesses balance and coordination.
Participants began by sitting back in a chair without armrests with
their arms crossed over their chest. The time (in seconds) was
recorded for how long it takes the participant to stand up and sit
back down 5 times as quickly as possible with no rest in between.
A cutoff of 15.9 seconds was used (18); a time of 15.9 seconds or
more indicates impaired balance and coordination.

Statistical analysis. In the full analytic sample (n = 21,710),
chi-square tests and observation of nonoverlapping 95% confi-
dence intervals (95% CIs) were used to compare the number of
falls between those with and without knee OA as well as baseline
characteristics between those who did and did not fall within
those with knee OA and those without knee OA. Logistic regres-
sion models were used to calculate odds ratios (ORs) with 95%
CIs to determine whether knee OA was independently associated
with falling, and then separately among those with knee OA and
those without knee OA to identify the pattern of risk factors of fall-
ing. The outcome for all models was reporting an injurious fall,
with not having experienced a fall as the referent group.

Investigating only those individuals who experienced a fall
(n = 1,399), descriptive analysis was used to examine differences
between the location and circumstance of the experienced fall
among those with and without knee OA. Differences between
groups were assessed using chi-square tests.

Finally, investigating only among those individuals with knee
OA (n = 4,112), descriptive analysis with chi-square tests was
used to compare risk factors across groups based on the number
of injurious falls (0, 1, or multiple). An ordinal logistic regression
was used to profile risk factors for the number of reported falls
(0, 1, or multiple falls [cumulated over lower values]). Finding that
the proportional odds assumption was violated, based on a sig-
nificant score test, a partial proportional odds model was used
instead.

For all regression models, we controlled for the baseline
characteristics, including sociodemographic and health variables
(age, sex, BMI, alcohol use, baseline fall, knee symptoms, previ-
ous lower-extremity fracture, and vision problems), chronic condi-
tions (respiratory conditions, CVD, urinary incontinence,
neurologic conditions, diabetes mellitus, high blood pressure,
and depression), and performance-based tests (standing bal-
ance, chair rise, and TUG). Individuals with missing covariate data
were dropped from the multivariable analyses. Each covariate had
5% or fewer missing values, with most being 2% or fewer. All
analyses were performed using SAS, version 9.4.

RESULTS

Knee OA was reported by 4,112 individuals (19%) in the full
analytic sample. Of those who reported knee OA, 10% reported
having a least 1 fall during the year leading up to the follow-up
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Figure 1. Proportion of individuals, by age, reporting 1 or multiple falls, by knee osteoarthritis (OA) status. Error bars show 95%Wald confidence
intervals for the proportion reporting 1 or more falls at follow-up. Significant differences between groups were determined where error bars do not
overlap.

Table 1. Characteristics of individuals in the full analytic sample stratified by knee OA status, with comparisons
between those who did and did not fall*

Knee OA No knee OA

Baseline characteristics
Fallers Nonfallers Fallers Nonfallers

(n = 394) (n = 3,718) (n = 1,005) (n = 16,593)

Age group, years
45–54 11.9 12.8 31.5 31.9
55–64 32.1 32.6 32.6 33.9
65–74 30.8 32.2 19.7 21.3
75–85 25.3 22.5 16.1 12.8

Female 65.0 60.0 56.4 45.2
Body mass index categories
Underweight/normal 18.5 18.8 34.4 33.0
Overweight 36.2 35.9 40.0 41.8
Obese 45.4 45.3 25.6 25.2

Alcohol use
6+ times/week 15.1 15.8 18.0 16.7
2–5 times/week 28.6 29.2 31.6 33.2
0–1 times/week 56.4 55.1 50.4 50.1

Injurious fall, yes 13.2 6.4† 8.3 4.1†
Knee symptoms, yes 75.8 70.5† 22.2 18.7†
Lower limb fracture, yes 41.4 30.9† 31.5 24.2†
Vision problem, yes 8.9 8.4 8.2 6.4
Chronic conditions

Respiratory, yes 29.4 22.7† 17.0 13.8†
Cardiovascular disease, yes 20.7 18.2 14.2 12.0†
Urinary incontinence, yes 20.9 13.1† 9.1 5.7†
Neurologic, yes 4.9 1.9† 3.4 2.0†
Diabetes mellitus, yes 26.9 22.3† 14.0 13.9
High blood pressure, yes 48.8 47.9 32.9 32.1
Depression, yes 24.6 20.1† 21.1 13.8†

Impaired performance
One-leg balance ≤4.5 seconds 27.4 21.1† 14.2 9.2†
TUG time ≥14.2 seconds 10.8 7.0† 3.9 1.8†
Chair rise test ≥15.9 seconds 36.3 29.5† 21.4 18.2†

* Values are the percentage. OA = osteoarthritis; TUG = timed-up-and-go.
† Significant chi-square test comparing individuals who did and did not fall (P < 0.05).
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questionnaire: 6% reported 1 fall, while 4% reported 2 or more
falls. Comparable estimates were 4% and 1%, respectively,
among individuals without knee OA. Individuals with knee OA
were more likely to report 1 or multiple falls within each age group
than individuals without knee OA (Figure 1).

The characteristics of the sample are shown in Table 1. The
table is stratified by the presence of knee OA, and comparisons
were made between those who did and did not experience an
injurious fall. Among those with knee OA, there was no difference
in age or sex between those who did and did not fall; this lack of
difference was not the case among those without knee OA. In
both those with and without knee OA, fallers were more likely to
report having a previous fall, knee symptoms, and previously hav-
ing a lower-extremity fracture. With reference to chronic condi-
tions and the performance-based measures, the profile of
differences between fallers and non-fallers was similar in those
with knee OA as in those without.

Findings from logistic regression analysis showed that
the risk of falling was significantly higher for individuals with knee
OA compared to those without, with an OR of 1.33 (95% CI
1.14–1.56), adjusting for baseline characteristics (Table 2).
Table 2 further shows the risk factor profiles for falling among
those with knee OA and those without knee OA. Overall, the pat-
tern of risk factors was similar. For both groups, those who fell

were more likely to have reported a baseline fall or lower-extremity
fracture. Among those with knee OA, those who fell were more
likely to report urinary incontinence (OR 1.38 [95% CI 1.01–
1.88]) or neurologic conditions (OR 2.13 [95% CI 1.18–3.87]) than
those who did not report a fall at follow-up. Among individuals
without knee OA, those who fell were more likely to be female

Table 2. Examination of the predictors of reporting an injurious fall, overall and among those with knee OA and without knee OA
from the full analytic sample (outcome: fallers versus nonfallers)*

Model 1 Model 2 Model 3
Full sample Knee OA No knee OA

Knee OA, yes (ref. no) 1.33 (1.14–1.56)† – –

Age, years (ref. 75–85)
45–54 0.93 (0.76–1.13) 0.96 (0.62–1.48) 0.90 (0.71–1.14)
55–64 0.87 (0.72–1.06) 0.98 (0.69–1.37) 0.83 (0.66–1.05)
65–74 0.85 (0.70–1.03) 0.92 (0.66–1.26) 0.81 (0.64–1.03)

Female (ref. male) 1.44 (1.27–1.63)† 1.14 (0.89–1.46) 1.55 (1.34–1.78)†
Body mass index (ref. underweight/normal)
Overweight 0.96 (0.83–1.11) 1.04 (0.75–1.43) 0.95 (0.81–1.11)
Obese 0.88 (0.74–1.03) 0.86 (0.62–1.21) 0.90 (0.75–1.09)

Alcohol use (ref. 0–1 times/week)
6+ times/week 1.18 (1.00–1.39)† 1.14 (0.81–1.59) 1.19 (0.98–1.44)
2–5 times/week 1.10 (0.96–1.25) 1.14 (0.87–1.48) 1.08 (0.93–1.26)

Baseline fall, yes (ref. no) 1.85 (1.50–2.26)† 1.75 (1.22–2.52)† 1.89 (1.47–2.42)†
Knee symptoms, yes (ref. no) 1.13 (0.98–1.30) 1.10 (0.85–1.43) 1.14 (0.97–1.35)
Lower fracture, yes (ref. no) 1.39 (1.23–1.57)† 1.42 (1.12–1.80)† 1.38 (1.20–1.60)†
Vision problems, yes (ref. no) 1.10 (0.89–1.36) 0.95 (0.63–1.43) 1.18 (0.92–1.52)
Respiratory, yes (ref. no) 1.17 (1.01–1.35)† 1.22 (0.94–1.59) 1.16 (0.97–1.39)
Cardiovascular disease, yes (ref. no) 1.15 (0.97–1.36) 1.05 (0.77–1.42) 1.19 (0.97–1.47)
Urinary incontinence, yes (ref. no) 1.29 (1.06–1.56)† 1.38 (1.01–1.88)† 1.26 (0.98–1.62)
Neurologic, yes (ref. no) 1.60 (1.15–2.22)† 2.13 (1.18–3.87)† 1.38 (0.92–2.06)
Diabetes mellitus, yes (ref. no) 1.05 (0.89–1.24) 1.26 (0.96–1.67) 0.94 (0.76–1.16)
High blood pressure, yes (ref. no) 0.97 (0.85–1.11) 0.97 (0.76–1.24) 0.96 (0.82–1.13)
Depression, yes (ref. no) 1.40 (1.21–1.62)† 1.10 (0.83–1.46) 1.55 (1.31–1.83)†
One leg balance ≤4.5 seconds (ref. >4.5 seconds) 1.34 (1.12–1.60)† 1.18 (0.87–1.59) 1.47 (1.18–1.83)†
TUG time ≥14.2 seconds (ref. <14.2 seconds) 1.34 (0.96–1.86) 1.25 (0.78–2.01) 1.54 (0.97–2.44)
Chair rise test ≥15.9 seconds (ref. <15.9 seconds) 1.09 (0.94–1.26) 1.11 (0.85–1.44) 1.09 (0.92–1.30)

* Values are the odds ratio (95% confidence interval). OA = osteoarthritis; ref. = reference; TUG = timed-up-and-go.
† P < 0.05.

Table 3. Where and how falls occurred among those who experi-
enced a fall, by OA status*

Where and how fall occurred Knee OA No knee OA

Indoors† 46.8 38.7
Standing or walking‡ 48.4 35.7
On the stairs or steps 17.9 27.0
Exercising 6.0 9.0
Other 27.7 28.3

Outdoors 53.2 61.3
Standing or walking§ 41.6 32.0
On the stairs or steps 12.9 9.3
Exercising 8.6 12.4
Other 36.8 46.3

* Values are the percentage. OA = osteoarthritis.
† Significant chi-square test comparing the location of a fall between
those with and without knee OA (P < 0.05).
‡ Significant chi-square test comparing how an indoor fall occurred
between those with and without knee OA (P < 0.05).
§ Significant chi-square test comparing how an outdoor fall
occurred between those with and without knee OA (P < 0.05).
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(OR 1.55 [95% CI 1.34–1.78]) and to report depression (OR 1.55
[95% CI 1.31–1.83]) and worse balance (OR 1.47 [95% CI
1.18–1.83]) than their peers who did not fall.

When limiting examination to those individuals who experi-
enced a fall, differences were found in where and how individuals
fell, depending on the presence of knee OA (Table 3). Individuals
with knee OA were significantly more likely to report falling
indoors than individuals without knee OA, any (46.8% versus
38.7%, respectively), and significantly less likely to report falling
outdoors (53.2% versus 61.3%, respectively). Among those
who reported falling indoors, individuals with knee OA had a dif-
ferent profile of how their fall occurred than did individuals with-
out knee OA. For example, among those who fell indoors,
48.4% of those with knee OA reported falling while standing or
walking, while this type of fall was the case for 35.7% of those
without knee OA.

Focusing only on individuals with knee OA, Table 4 shows
the characteristics of individuals by the number of falls reported.
Individuals with knee OA who reported multiple falls were more
likely to report a previous injurious fall, knee symptoms, a
lower-extremity fracture, and impairment on the performance
tests, compared to those with knee OA who reported either

none or 1 fall. Overall, individuals with knee OA reporting multiple
falls were also more likely to report having co-occurring chronic
conditions.

Table 5 shows the results from the partial proportional odds
model that examined contributors to the risk of 1 and 2 or more
falls among individuals with knee OA. Reporting a previous fall at
baseline (OR1 fall 1.75 [95% CI 1.21–2.51]; OR2+ falls 2.48
[95% CI 1.53–4.04]), a previous lower-extremity fracture (cumula-
tive OR 1.42 [95% CI 1.12–1.80]), urinary incontinence (cumula-
tive OR 1.38 [95% CI 1.01–1.88]), or a neurologic condition
(OR1 fall 2.08 [95% CI 1.14–3.78]; OR2+ falls 3.67 [95% CI 1.77–
7.59]) were all significant predictors of reporting 1 or multiple falls
at follow-up compared to no falls in knee OA. Individuals with
knee OA who reported a respiratory condition (OR2+ falls 1.55
[95% CI 1.03–2.32]) and those who performed poorly on the
balance test (OR2+ falls 1.82 [95% CI 1.20–2.77]) had higher
odds of reporting multiple falls compared to just 1 or none at all.

DISCUSSION

In the current prospective study, we sought to identify the
contribution of knee OA to the risk of falling and to determine what

Table 4. Characteristics among individuals with knee osteoarthritis by number of falls reported*

Baseline characteristic
0 falls 1 fall 2+ falls

(n = 3,718) (n = 247) (n = 147)

Sociodemographic, health, and lifestyle variables
Age group
45–54 12.8 10.9 13.6
55–64 32.6 32.0 32.0
65–74 32.2 33.6 26.5
75–85 22.5 23.5 27.9

Female 60.0 64.8 65.3
Body mass index categories
Underweight/normal 18.8 19.4 16.8
Overweight 35.9 38.1 32.9
Obese 45.3 42.5 50.4

Alcohol use
6+ times/week 15.8 16.9 12.0
2–5 times/week 29.2 27.2 31.0
0–1 times/week 55.1 56.0 57.0

Injurious fall, yes† 6.4 8.5 21.2
Knee symptoms, yes† 70.5 71.5 83.0
Lower limb fracture, yes† 30.9 36.4 49.7
Vision problem, yes 8.4 8.5 9.5
Chronic conditions
Respiratory, yes† 22.7 26.4 34.5
Cardiovascular disease, yes 18.2 19.0 23.6
Urinary incontinence, yes† 13.1 17.5 26.7
Neurologic, yes† 1.9 2.4 9.0
Diabetes mellitus, yes 22.3 27.1 26.5
High blood pressure, yes 47.9 47.5 51.0
Depression, yes† 20.1 21.5 29.9

Impaired performance
One leg balance ≤4.5 seconds† 21.1 20.1 40.6
TUG time ≥14.2 seconds† 7.0 5.7 19.4
Chair rise test ≥15.9 seconds† 29.5 32.4 43.2

* Values are the percentage. TUG = timed-up-and-go.
† Significant chi-square test comparing groups (P < 0.05).
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predicts experiencing an injurious fall among individuals with
knee OA. We confirmed in our analyses that knee OA is a pre-
dictor of falling, as has been previously reported (4–10) and
that having knee OA significantly contributed to the risk of fall-
ing compared to those without knee OA. We also found differ-
ences in the patterns of where and how a fall occurred for
those with and without knee OA. Generally, individuals with
knee OA had similar risk factors for having an injurious fall to
those without knee OA. However, for those with knee OA, the
risk was higher for those with urinary incontinence or a neuro-
logic condition.

We found differences in where and how those with and with-
out knee OA reported that their fall occurred. Individuals with knee
OA were significantly more likely to report falling indoors com-
pared to individuals without knee OA. The most common circum-
stance of falling reported by individuals with knee OA indoors was
while standing or walking, while individuals without knee OA were
much more likely to report falling while on the stairs or steps or
while exercising. Possibly individuals with knee OA, especially
those with symptomatic knee OA, use more caution while walking
down stairs or while exercising or avoid these activities altogether
(19,20). While outdoors, individuals with knee OA were more likely
to report falling while standing or walking or while on the stairs or
steps, while individuals without knee OA were more likely to report
that their fall occurred while exercising or another reason. Possibly
while outdoors, avoiding stairs or steps is not as easy or

convenient, causing more falls among individuals with knee
OA. Our findings also support the hypothesis that individuals with
lower-extremity OA are more likely to become unstable and are
less able to perform compensatory stepping responses to avoid
falling compared to individuals without lower-extremity OA,
exacerbating existing risk factors for falling (6).

Painful knee symptoms did not appear to contribute to the
risk of falling among individuals with knee OA, likely because the
majority of individuals with knee OA reported knee symptoms
(71%), although there was some indication of a contribution to
the risk of 2 or more falls. Conflicting evidence has been found in
the literature for the association between pain and falling among
individuals with knee OA. While 4 studies from the review by
Manlapaz et al (12) identified an association, 2 studies found no
association (19, 20). The latter studies suggest that the presence
of severe pain deters participants from doing too much activity,
especially activity associated with the risk of increased pain or loss
of balance, therefore reducing the risk of falling (19,20). On the
other hand, those who do not reduce their activity despite pain
may be more at risk due to increased postural sway and lower
range of motion in their knees (21,22). In a more recent study,
Barbour et al found that while having radiographic knee OA with-
out pain symptoms was not associated with having an injurious
fall, having radiographic knee OA with pain was, but only among
men (9). Perhaps additional factors are involved, such as sex,
which influence whether a person continues to participate in an

Table 5. Partial proportional odds model identifying contributors to the risk of falling among individuals with knee osteoarthritis*

Partial proportional OR

Baseline characteristics Proportional OR 2+ or 1 vs. 0 falls 2+ vs. 1 or 0 falls

Age, years (ref. 75–85)
45–54 0.99 (0.64–1.52) – –

55–64 0.96 (0.68–1.35) – –

65–74 0.91 (0.66–1.25) – –

Female (ref. male) 1.14 (0.89–1.46) – –

Body mass index (ref. underweight/normal)
Overweight 1.03 (0.75–1.43) – –

Obese 0.87 (0.62–1.22) – –

Alcohol use (ref. 0–1 times/week)
6+ times/week 1.11 (0.79–1.56) – –

2–5 times/week 1.14 (0.87–1.49) – –

Baseline fall, yes (ref. no) – 1.75 (1.21–2.51)† 2.48 (1.53–4.04)†
Knee symptoms, yes (ref. no) – 1.10 (0.84–1.42) 1.50 (0.93–2.40)
Lower fracture, yes (ref. no) 1.42 (1.12–1.80)† – –

Vision problems, yes (ref. no) 0.93 (0.62–1.41) – –

Respiratory, yes (ref. no) – 1.22 (0.94–1.59) 1.55 (1.03–2.32)†
Cardiovascular disease, yes (ref. no) 1.05 (0.77–1.42) – –

Urinary incontinence, yes (ref. no) 1.38 (1.01–1.88)† – –

Neurologic, yes (ref. no) – 2.08 (1.14–3.78)† 3.67 (1.77–7.59)†
Diabetes mellitus, yes (ref. no) 1.25 (0.95–1.65) – –

High blood pressure, yes (ref. no) 0.98 (0.76–1.25) – –

Depression, yes (ref. no) 1.12 (0.85–1.48) – –

One leg balance ≤4.5 seconds (ref. >4.5 seconds) – 1.17 (0.87–1.57) 1.82 (1.20–2.77)†
TUG time ≥14.2 seconds(ref. <14.2 seconds) 1.29 (0.81–2.07) – –

Chair rise test ≥15.9 seconds (ref. <15.9 seconds) 1.10 (0.85–1.44) – –

* Values are the odds ratio (OR) (95% confidence interval). ref. = reference; TUG = timed-up-and-go.
† P < 0.05.
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activity despite their pain, therefore increasing or decreasing their
risk of falling.

We also found that although older age is a well-established
risk factor for falling among the general population, older age did
not increase the risk of falling in this study. Although most previ-
ous studies only looked at older adults (age 65+ years) for the risk
of falls, a few studies have looked at the risk factors of falling in
younger adults in the general population (23,24), and among
younger individuals with OA as well (10,25). The age-related
increase in the prevalence of OA has led to the belief that OA is a
disease that only impacts older adults; the condition is common,
however, in younger and middle-aged people as well. Younger
individuals with OA experience similar, if not worse, outcomes
compared to older adults with OA (26). This similarity across age
groups is also likely to be true for the risk of falls among individuals
with knee OA, as we have demonstrated in the current study. One
recent study found that middle-aged adults with more advanced
knee OA do not have an increased likelihood of falls, unlike
older-aged adults, compared to individuals in their respective
age groups without OA (10). The authors speculated that differ-
ences in balance, compared to older adults, might reduce the
likelihood of a middle-aged adult experiencing a fall. Possibly con-
trolling for performance on the standing balance test in our model
explained age differences, resulting in a lack of association
between age and the risk of falling.

Urinary incontinence is recognized as a risk factor for falls
(27), although this condition has not been specifically studied in
knee OA. Knee OA can be associated with impairments of bal-
ance and limitations in mobility, including transfers from sitting or
lying to standing (28). These impairments and limitations could
contribute to slowness, leading to an increased risk of falls in
response to an urgency to get to the bathroom in a timely manner.
Although we did not find that any of our performance-based mea-
sures were associated with experiencing a fall among individuals
with knee OA, we did find that a lack of balance was associated
with individuals with knee OA reporting multiple falls.

Strengths of this study include the use of a large longitudinal
population-based sample and the inclusion of adults with knee
OA across a wide-range of ages from middle aged to elderly
adults. Another strength was the use of a very specific outcome,
falls which resulted in an injury stratified by the number of falls (sin-
gle versus multiple), whereas most previous studies use more
general definitions of falls that may mask particular subgroups of
fallers. However, this definition may also be a limitation, as it
excludes falls not considered the cause of an injury associated
with limitation of activity. Other potential limitations of our study
were the self-reported nature of the questions about falls and
knee OA. Individuals with poorer cognitive function are less likely
to recall falling in the previous 12 months (29). Participants in the
CLSA were screened for mild cognitive impairment at baseline
and follow-up, and those who screened positive at follow-up
had the option of having their designated proxy respondent help

them or respond on their behalf. None of the respondents in this
study used a proxy, and therefore there is minimal likelihood for
recall bias due to cognitive impairment to be an issue.

Additionally, although self-report of knee OA has the poten-
tial of introducing recall bias into the study, self-reported OA has
been found to be a valid measure of prevalence in population-
based surveillance studies (30,31). A further limitation of the
current study includes the relatively short follow-up period.
Additionally, the available survey data did not allow us to assess
the contribution of extrinsic or behavioral factors that may contrib-
ute to the increased risk of falls among individuals with knee OA,
factors that may play an important role in understanding this
increased risk.

In the current study, we found that the presence of knee OA
predicts experiencing an injurious fall. Our findings support the
idea that knee OA is an independent risk factor for falls, though
more research is needed to understand the complex interac-
tions between intrinsic and extrinsic factors that contribute to
this increased risk. We also found differences in where and
how falls occurred between individuals with and without knee
OA. A novel finding was the increased risk of falls in knee OA
associated with urinary incontinence. Fall prevention is an impor-
tant clinical target, especially among individuals with knee OA, as
falling can cause further damage to the joint and other injury
leading to decreased physical activity and social participation,
both of which are important factors for outcomes among individ-
uals with knee OA. The modifiable intrinsic risk factors identified
in the current study along with specific target environments
associated with falling among individuals with knee OA may pro-
vide opportunities for clinical intervention and fall prevention
strategies.
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Prevalence of Nonsteroidal Antiinflammatory Drugs
Prescribed for Osteoarthritis: A Systematic Review and
Meta-Analysis of Observational Studies

Zijing Yang,1 Stephanie Mathieson,2 Sarah Kobayashi,3 Christina Abdel Shaheed,2

Leandro Alberto Calazans Nogueira,4 Milena Simic,2 Gustavo Machado,2 and Andrew J. McLachlan2

Objective. Our systematic review aimed to investigate the proportion of participants with osteoarthritis who were
prescribed nonsteroidal antiinflammatory drugs (NSAIDs) by their health care provider.

Methods. Electronic databases were searched for observational studies reporting NSAID prescribing to partici-
pants with diagnosed osteoarthritis of any region. Risk of bias was assessed using a tool designed for observational
studies measuring prevalence. Random and fixed-effects meta-analysis was used. Meta-regression investigated
study-level factors associated with prescribing. The overall evidence quality was assessed using Grading of
Recommendations Assessment, Development, and Evaluation criteria.

Results. Fifty-one studies were included, published between 1989 and 2022, with 6,494,509 participants. The
mean age of participants was 64.7 years (95% confidence interval [95% CI] 62.4, 67.0; n = 34 studies). Most studies
were from Europe and Central Asia (n = 23 studies), and North America (n = 12 studies). Most studies were judged to
be at low risk of bias (75%). Heterogeneity was eliminated when removing studies with a high risk of bias, to give a
pooled estimate of NSAIDs prescribing to participants with osteoarthritis of 43.8% (95% CI 36.8, 51.1; moderate qual-
ity of evidence). Meta-regression determined that prescribing was associated with year (decreased prescribing over
time; P = 0.05) and geographic region (P = 0.03; higher in Europe and Central Asia and in South Asia than in North
America) but not with clinical setting.

Conclusion. Data from over 6.4 million participants with osteoarthritis between 1989 and 2022 indicate that NSAID
prescribing has decreased over time and that prescribing differs between geographic locations.

INTRODUCTION

Osteoarthritis is the most common type of arthritis (1).

Clinical guidelines for the management of osteoarthritis recom-

mend nonpharmacologic treatments, such as educational, psy-

chosocial, and physical interventions, as well as pharmacologic

management such as topical and oral nonsteroidal antiinflamma-

tory drugs (NSAIDs) (2,3). NSAIDs have been shown, through

meta-analyses, to be effective in achieving clinical improvements

in pain and function (4,5) in people with osteoarthritis symptoms

and are recommended as an effective symptomatic treatment

for early arthritis in some guidelines (2,6). Guidelines frequently

recommend NSAIDs to be prescribed at the smallest effective

dose for the shortest possible time (2,6). Although NSAIDs can

be a less costly management strategy than conservative care

(e.g., ongoing physical therapy) they are not without risk of harm

(4,5). Caution should be taken in prescribing NSAIDs for use in

people with a high risk of diabetes mellitus, hypertension, renal

impairment, and heart disease (7,8), with consideration that

cyclooxygenase 2 (COX-2) selective NSAIDs are associated with

fewer gastrointestinal ulcers and complications than nonselective

NSAIDs (9,10).
The incidence of NSAIDs use for the management of osteo-

arthritis is common as evidenced by numerous individual studies

(11,12). However, the extent to which NSAIDs are prescribed for

osteoarthritis globally and what factors may be associated with

prescribing are unclear. Previous systematic reviews related to

osteoarthritis have focused on clinical outcomes such as efficacy
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and safety of NSAIDs (13–16). Previous studies have suggested

that both oral and topical NSAIDs exhibit pain relief among people

with osteoarthritis (4), but topical NSAIDs had a lower risk of toxic-

ity (13), while there is no difference in efficacy between selective

and nonselective NSAIDs in reducing pain and improving function

(17). However, the prevalence of NSAID prescribing for the clinical

management of osteoarthritis is unclear, and little is known about

prescribing practices across countries and any differences in the

management of regional types of osteoarthritis. Understanding

to what extent NSAIDs are prescribed for osteoarthritis will deter-

mine any differences in prescribing and provide a benchmark for

future studies. Therefore, this systematic review aimed to investi-

gate the proportion of participants with osteoarthritis who were

prescribed an NSAID by their health care provider, factors associ-

ated with prescribing, and geographic differences in prescribing.

MATERIALS AND METHODS

Eligibility criteria. The protocol for this review was
devised in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses statement guidelines
(18) and was registered on PROSPERO (CRD42021238699;
www.crd.york.ac.uk). We included observational studies
(cross-sectional, prospective, or retrospective cohort or case–
control studies) of adults (age ≥18 years) with clinician-
diagnosed osteoarthritis at any site, and who were prescribed
an NSAID to manage their osteoarthritis symptoms. We
included pharmacy dispensing data provided that the data
were specific for clinician-diagnosed osteoarthritis and for
which NSAIDs were prescribed. We excluded studies that did
not include the representative population sample (e.g., not
consecutive cases or randomly sampled), studies of self-
reported NSAID use, over-the-counter supply of NSAIDs, and
those with self-reported osteoarthritis diagnoses.

Search strategy. We searched the following electronic
databases: PubMed (National Library of Medicine database),
MEDLINE, EMBASE, and International Pharmaceutical Abstracts
(the latter 3 from OvidSP), and Web of Science (Thomson
Reuters) on April 23, 2022. We conducted backward and forward

author and reference citation tracking of included articles and
communicated with content experts to identify any missing stud-
ies. Supplementary Appendix A, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.25157, contains the details of the search strategy.

Screening. Two authors from a panel (ZY, SM, or SK) inde-
pendently screened records against the eligibility criteria. Dupli-
cate studies were removed manually and using the automated
function in Endnote. Disagreements were resolved first by discus-
sion, then by arbitration with an independent third review author if
needed. For articles written in languages that the review authors
could not read, we asked colleagues to assist with reading and
appraising the article.

Data extraction andmanagement. Two review authors
independently extracted data from eligible studies using a piloted,
standardized extraction form in Excel (ZY and SM). Disagree-
ments were resolved first by discussion, then by arbitration with
an independent third review author if needed (CAS and AJM).
We contacted the authors of studies for clarification and addi-
tional data if relevant data were missing. Information extracted
included bibliometric data (authors, title, year of publication, lan-
guage, funding sources), study characteristics (study design,
data source, sample size, sampling dates and methods, country),
participants (age, sex, site of diagnosis, symptom duration, first or
ongoing presentation of index visit), pain intensity (e.g., numerical
pain rating scale), interventions (profession of prescribing clini-
cian, the number of NSAIDs prescribed or dispensed on prescrip-
tion, dose, mode of delivery, frequency, duration; the proportion
of other medicines and nonpharmacologic therapies copre-
scribed with the NSAIDs), and data completeness (i.e., the per-
centage of missing data, how missing data were handled).

Medicines were categorized using the Anatomical Therapeu-
tic Chemical classification system (19), and NSAIDs were classed
as nonselective or COX-2 selective, followed by the mode of deliv-
ery. A list of nonselective and COX-2 selective NSAIDs is in
Supplementary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.25157.
Combination medicines were initially classified by the NSAIDs.
Data on co-administered therapy were retrieved if the therapy
was prescribed to alleviate osteoarthritis and coprescribed with
an NSAID. Nonpharmacologic treatments were categorized
based on the therapies (e.g., physical therapy).

Countries were grouped according to World Health
Organization (WHO) regions (East Asia and Pacific, Europe and
Central Asia, Latin America and Caribbean, Middle East and
North Africa, North America, South Asia) (20) and income status
(low-, middle- and high-income) as per the World Bank (21).

Risk-of-bias assessment. Risk of bias was assessed
using the tool developed by Hoy et al (22) to assess the risk of bias

SIGNIFICANCE & INNOVATIONS
• This is the first review to assess changes in, and

factors associated with, nonsteroidal antiinflamma-
tory drugs (NSAIDs) prescribing for osteoarthritis.

• This large review analyzed data from observational
studies of 6,494,509 participants between 1989
and 2022.

• NSAID prescribing for osteoarthritis decreased over
time and was associated with geographic region but
not with clinical setting.
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in observational studies that measure prevalence. A study’s
overall risk of bias was low if further research was very unlikely to
change our confidence in the estimate, moderate if further
research was likely to have an important impact on our confi-
dence in the estimate and may change the estimate, or high if fur-
ther research was very likely to have an important impact on our
confidence in the estimate and was likely to change the estimate
(22). The criteria for the risk-of-bias assessment are shown in
Supplementary Table 2, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.25157.

Data synthesis. Study characteristics and study partici-
pants are descriptively reported. Random and fixed-effects
meta-analyses were used to pool the main prevalence estimate
and random effects were used for the subgroup analyses. Statis-
tical heterogeneity among the studies was assessed using a
visual inspection of the forest plot and I2 statistics following the
recommended guide for interpretation of I2 as 0–40% = might
not be important, 30–60% = may represent moderate heteroge-
neity, 50–90% = may represent substantial heterogeneity, and
75–100% = considerable heterogeneity (23). Meta-regression
analyses were performed to explore sources of heterogeneity
across the included studies and to determine possible study-
related factors associated with prescribing. Factors included the
WHO region (compared to North America), sampling year (contin-
uous; defined as the year associated with the midpoint of the
prevalence sampling period), setting (primary care, tertiary care,
multiple clinical settings, population based, compared database
[e.g., prescribing database, dispensing claims database]), the
duration of the prevalence period (continuous in months), and
whether funding was reported (compared to none). Analyses
were conducted in Comprehensive Meta-Analysis, version
3.3.070. The Grading of Recommendations Assessment, Devel-
opment, and Evaluation (GRADE) approach (24) was used to
assess the quality of the evidence. Supplementary Appendix B,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25157 contains the
details of GRADE criteria.

Subgroup and sensitivity analyses. We conducted
4 planned subgroup analyses to 1) investigate differences in
pooled prescribing estimates per osteoarthritis site, including par-
ticipants with spinal-related osteoarthritis, 2) compare the pooled
prescribing estimates per WHO geographic region and country
income status, 3) determine the proportion of participants using
different types of NSAIDs and dose, including grouped per non-
selective and COX-2 selective NSAIDs, and 4) determine the dif-
ferences in the proportion of participants prescribed NSAIDs per
mode of delivery (i.e., topical) and action. Sensitivity analysis was
performed as there was an adequate number of studies (>10
studies) by excluding studies assessed to have high risk of bias
and then repeating the analyses.

RESULTS

A total of 9,220 records were identified by searching elec-
tronic databases, plus 10 additional articles were identified
through citation tracking. Fifty-one studies met the inclusion cri-
teria and were included in this review. The flow of studies is shown
in Figure 1.

The 51 studies provided data on a total of 6,494,509 partici-
pants with a mean age of 64.7 years (95% confidence interval
[95% CI] 62.4, 67.0; n = 34 studies) (11,12,25–55). The included
studies were published between 1989 and 2022 and were all in
English except 1 study published in Croatian (56). Studies were
from 31 countries across the globe, including South Asia (n = 4
studies) (37,47,49,57), Middle East and North Africa (n = 1
study) (33), East Asia and Pacific (n = 10 studies)
(12,25,32,38,40,51,53,58–60), Europe and Central Asia (n = 23
studies) (26–29,39,42,43,45,46,48,50,52,54–56,61–68), Latin
America and Caribbean (n = 1 study) (44), and North America
(n = 12 studies) (11,30,31,34–36,41,69–73). Most studies
(90.2%) were from high-income countries with 1 study from an
upper-middle income country (44), and 4 studies were from
lower-middle income countries (37,47,49,57). Half the stud-
ies (52.9%) were from clinical settings, with 20 studies from primary
care (26,28,29,34,39,42,46,48–50,52,54,55,58,60,64,65–68),
7 studies from tertiary care clinics (37,43,44,47,56,57,72),
and 5 studies from multiple care (30,31,41,45,62); 18 studies
(35%) provided prevalence data from a database
(11,12,25,27,32,33,35,36,38,40,51,53,59,63,69–71,73), and 1
was a population-based study (61). Characteristics of included
studies are shown in Table 1. No study reported the coprescribing
of analgesic drugs or nonpharmacologic therapies specifically
occurring at the same time of NSAID prescribing. However,
26 studies reported that participants used other medicines
(12,25,27,28,31,33–36,42–45,48,51–53,59,60,62,66–68,70,72)
or physical therapy (32,45,58,60,70) at some time during the
sampling period.

Risk of bias. The majority of studies (75%) were judged to
be at low risk of bias. Eight studies (30,37,43,56,57,61,66,72)
were classified as having a moderate risk of bias (16%), while
5 studies (46–48,67,69) were scored as having a high risk of bias
(9%). The domain that most frequently scored poorly was related
to using validated outcome measures, as most studies evaluated
clinical records. Only 5% of studies collected data using validated
measures. The risk-of-bias scores are shown in Table 2.

Proportion of patients with osteoarthritis whowere
prescribed NSAIDs. High heterogeneity was present when
pooling NSAID prescribing estimates across all studies
(I2 = 99.9%). A forest plot of individual studies is shown in
Figure 2. We conducted a sensitivity analysis to explore heteroge-
neity related to risk of bias. When studies scored as having a high
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risk of bias were removed (n = 5 studies) (46–48,67,69), the
pooled prescribing estimate remained similar (43.8% [95% CI
36.8, 51.1], n = 46 studies, high quality of evidence I2 = 5.1%)
(11,12,25,26,28–46,49–56,58–61,58–64,65,66,68,70–73) com-
pared to the original estimate with high heterogeneity (43.1%
[95% CI 36.3, 50.1], n = 51 studies, I2 = 99.9%, low quality of evi-
dence). A post hoc sensitivity analysis was conducted to explore
the primary analyses using an alternative statistical approach
(see Supplementary Figure 1, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.25157), which resulted in less conservative estimates than
our original model.

Factors associated with prescribing of NSAIDs.Meta-
regression was used to explore potential sources of heterogeneity
and to determine potential factors associated with prescribing.
Meta-regression analyses of study-related factors explained
42% of heterogeneity (R2 = 0.42). Prescribing was associated
with the WHO region (P = 0.026), with increased prescribing in
the regions of East Asia and Pacific (coefficient 0.86 [95% CI
–0.098, 1.81]; P = 0.078), Europe and Central Asia (coefficient
1.26 [95% CI 0.23, 2.28]; P = 0.02), Latin America and Caribbean
(coefficient 2.02 [95% CI –0.62, 4.65]; P = 0.13), Middle East and
North Africa (coefficient 0.26 [95% CI –2.11, 2.63]; P = 0.83), and
South Asia (coefficient 3.02 [95% CI 1.27, 4.76]; P = 0.001), com-
pared to North America (US and Canada). There was a decrease

in NSAID prescribing over time (coefficient –0.04 [95% CI –0.08,
0.00]; P = 0.05) and longer sampling duration (coefficient –0.006
[95% CI –0.009, –0.002]; P = 0.001). Reporting of funding
(P = 0.59) and clinical setting (P = 0.20) did not influence prescrib-
ing. A summary of the meta-regression analysis is shown in Sup-
plementary Figure 2, available on the Arthritis Care & Research

website at http://onlinelibrary.wiley.com/doi/10.1002/acr.25157.

Subgroup analyses. The proportion of NSAIDs prescribed
to participants per osteoarthritis site. The pooled estimate of
NSAIDs prescribed to patients with hip osteoarthritis
(27,32,60) was 34.9% (95% CI 23.8, 47.9; n = 3 studies,
I2 = 0%, high quality of evidence). In contrast, NSAID prescrib-
ing to patients with knee osteoarthritis was 46.3% (95% CI
36.9, 55.9; n = 11 studies, I2 = 28.8%, moderate quality of evi-
dence) (27,29,32,45,47,48,57,59,60,66,67) and for spine
osteoarthritis was 66.9% (95% CI 66.6, 67.2; n = 1 study,
I2 = 0%, high quality of evidence) (27). The stratified analyses results
are summarized in Table 3 and the forest plot shown in Supple-
mentary Figure 3, available on the Arthritis Care & Research web-
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.25157.

Prescribing estimates across WHO regions. Thepooledprev-
alence of NSAIDs varied widely across geographical locations. The
pooled estimate of NSAIDs prescribing was highest in South Asia at
83.4% (95%CI 74.8, 89.4; n = 4 studies, I2 = 3.0%,moderate quality
of evidence) (37,47,49,57), followed by Latin America and
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Figure 1. Study flow diagram.
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Caribbean at 68.5% (95% CI 66.8, 70.1; n = 1 study, I2 = 0%, high
quality of evidence) (33), East Asia and Pacific at 46.8% (95% CI
35.0, 58.9; n = 10 studies, I2 = 31.7%, high quality of evidence)
(12,25,32,38,40,51,53,58–60), Europe and Central Asia at 40.2%
(95% CI 31.8, 49.3; n = 23 studies, I2 = 12.2%, moderate quality of

evidence) (26,27,28,29,39,42,43,45,46,48,50,52,54–56,61–68),
Middle East and North Africa at 34.1% (95% CI 33.9, 34.3; n = 1
study, I2 = 0%, high quality of evidence) (44), and North America at
32.6% (95% CI 16.9, 53.6; n = 12 studies, I2 = 11.0%, moderate
quality of evidence) (11,30,31,34–36,41,69–73). The stratified

Table 1. Characteristics of included studies*

Author, year (ref.)
Prevalence

type Setting Country

OA
sample
size OA site

Radiologic
diagnosis

Age,
mean ± SD

years

Akazawa et al, 2019 (25) Retrospective Database Japan 118,996 All regions No 68.8 ± 13.1
Alacqua et al, 2008 (68) Retrospective Primary Italy 142,346 All regions No NR
Arboleya et al, 2003 (26) Retrospective Primary Spain 897 All regions Yes 66.0 ± 9.0
Barcella et al, 2019 (27) Retrospective Database Denmark 533,502 All regions No 62.2 ± 14.3
Bennell et al, 2021 (60) Retrospective Primary Australia 9,812 Hip/knee No NR
Castaño Carou et al, 2015 (28) Prospective Primary Spain 1,258 Hip, knee, and hand Yes 68 ± 9.5
Chandan et al, 2021 (55) Retrospective Primary UK 25,659 All regions No 68.53 ± 11.0
Colombo et al, 2021 (54) Retrospective Primary Italy 71,467 All regions No 71.36 ± 12.2
Cunnington et al, 2008 (73) Retrospective Database US 80,826 All regions No NR
Denoeud et al, 2005 (29) Prospective Primary France 2,430 Knee Yes 66.8 ± 10.6
Dominick et al, 2003 (30) Retrospective Multiple US 2,473 All regions No 61.1 ± 14.0
Dominick et al, 2003 (31) Retrospective Multiple US 11,298 All regions No 80.2 ± 6.9
Ebata-Kogure et al, 2020 (32) Retrospective Database Japan 328,631 Hip/knee No 69.7 ± 11.5
Fallach et al, 2021 (33) Retrospective Database Israel 180,126 All regions No 58.5 ± 11.9
Gore et al, 2011 (35) Retrospective Database US 207,010 All regions Yes 53.2 ± 9.8
Gore et al, 2011 (36) Retrospective Database US 112,951 All regions Yes 56.9 ± 9.5
Gore et al, 2012 (34) Retrospective Primary UK 18,184 All regions No 70.6 ± 11.0
Gupta et al, 2018 (37) Prospective Tertiary India 188 All regions No 61.7 ± 6.9
Barbero et al, 2017 (67) Prospective Primary Spain 646 Knee No NR
Hsu et al, 2017 (38) Retrospective Database China (Taiwan) 43,635 All regions No 60 ± 14.1
Jackson et al, 2017 (39) Prospective Primary UK 1,724 All regions No 66.1 ± 11.9
Kanneppady et al, 2017 (72) Retrospective Tertiary US 296 All regions No 47.5 ± NR
Kikuchi et al, 2021 (40) Retrospective Database Japan 180,371 All regions No 49.3 ± 11.8
Lanas et al, 2011 (62) Prospective Multiple Spain 17,105 All regions No NR
Li et al, 2022 (71) Retrospective Database Canada 100,358 All regions No 68 ± NR
McDonald and Walsh, 2012 (41) Retrospective Multiple US 128 All regions No 74.1 ± 8.3
Patel et al, 2020 (70) Retrospective Database US 44,990 All regions No 75.9 ± NR
Paterson et al, 2018 (58) Retrospective Primary Australia 621 Foot/ankle No NR
Pontes et al, 2018 (42) Retrospective Primary Spain 22,652 All regions No 75.6 ± 9.82
Rajamäki et al, 2019 (43) Retrospective Tertiary Finland 13,739 All regions No 68.7 ± 10.1
Reginato et al, 2015 (41) Prospective Tertiary 13 Latin American

countries
3,040 All regions Yes 62.5 ± 10.5

Reijman et al, 2005 (61) Prospective Population Netherlands 3,585 Hip/knee Yes 66 ± 6.9
Richette et al, 2011 (45) Prospective Multiple France 1,821 Knee Yes 67.3 ± 9.7
Russo et al, 2003 (65) Retrospective Primary Italy 3,090 All regions No NR
Sakai et al, 2019 (59) Retrospective Database Korea/Japan 1,143,636 Knee No NR
Shelbaya et al, 2018 (11) Retrospective Database US 1,610,375 All regions No 61 ± 12.2
Spitaels et al, 2020 (66) Prospective Primary Belgium 1,595 Knee No 55.3 ± NR
Spitaels et al, 2020 (66) Prospective Primary Belgium 5,049 Knee No 56.9 ± NR
Stambuk et al, 1989 (56) Retrospective Tertiary Croatia 50 Hip No NR
Subramanian et al, 2020 (57) Prospective Tertiary India 256 Knee Yes NR
Summanen et al, 2021 (46) Retrospective Primary Finland 51,608 Hip/knee No 56.6 ± 10.1
Togo et al, 2022 (53) Retrospective Database Japan 114,078 All regions No 70.9 ± 12.1
Tomeczkowski et al, 2014 (63) Retrospective Database Germany 163,800 All regions No NR
Ullal et al, 2010 (47) Retrospective Tertiary US 154 Knee No 62.3 ± 7.8
Milano et al, 2016 (48) Prospective Primary Spain 1,152 Knee No 67.9 ± 6.8
Wang et al, 2019 (49) Retrospective Primary China 212,546 All regions No 65.5 ± 8.1
Wilson et al, 2015 (50) Retrospective Primary Spain 238,536 All regions No 67 ± 12.0
Wu et al, 2012 (69) Retrospective Database US 96,666 All regions No 65.2 ± NR
Xue et al, 2018 (12) Retrospective Database China (Taiwan) 3,4338 All regions No 61.9 ± 8.2
Yeh et al, 2021 (51) Retrospective Database China (Taiwan) 13,520 All regions No 50.1 ± 12.7
Yu et al, 2017 (64) Retrospective Primary UK 432,343 All regions Yes 67.2 ± NR
Zeng et al, 2019 (52) Retrospective Primary UK 88,902 Knee, hip, and hand No 70.1 ± 9.5

* NR = not reported; OA = osteoarthritis; ref. = reference.
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analyses results are summarized in Table 3 and the forest plot shown
in Supplementary Figure 3, available on theArthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.25157.

Prescribing estimates across country income status. Based
on WHO income status, the pooled estimate of NSAIDs prescrib-
ing in high-income countries was 40.3% (95% CI 33.6, 47.4;
n = 46 studies, I2 = 8.5%, moderate quality of evidence)

(11,12,25–36,38–43,45,46,48,50–56,58–64,65–73), greater in
middle-income, including, respectively, lower-middle and upper-
middle income countries, 83.4% (95% CI 74.8, 89.4; n = 4 stud-
ies, I2 = 0%, moderate quality of evidence) (37,47,49,57) and
68.5% (95% CI 66.8, 70.1; n = 1 study, I2 = 0%, high quality of
evidence) (44). There were no studies from low-income countries.
The stratified analyses results are summarized in Table 3 and the
forest plot shown in Supplementary Figure 3, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.25157.

The proportion of participants using different types of

NSAIDs and dose. Fourteen studies (12,27,28,30,37,42,46,48,
52,57,59,61,68,71) reported specific types of NSAIDs prescribed.
A summary of the types of NSAIDs reported is shown in Supplemen-
tary Figure 3, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.25157. Individual
NSAIDs reported included aceclofenac, celecoxib, dexibuprofen,
dexketoprofen, diclofenac, etodolac, etoricoxib, flurbiprofen, ibupro-
fen, indomethacin, ketoprofen, ketorolac, lornoxicam, meloxicam,
nabumetone, naproxen, nimesulide, oxaprozin, piroxicam, rofecoxib,
and tenoxicam. The most frequently reported prescribed NSAIDs in
our samplewasdiclofenac, ibuprofen, andnaproxen.High heteroge-
neity prevented pooling. Four studies (26–28,67) reported dosages.
A summary of reported doses is detailed in Supplementary Table 3,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25157.

The proportion of participants using nonselective and COX-2

selective NSAIDs. Twenty-five studies provided data on the types
of NSAIDs prescribed to patients with osteoarthritis. The pooled
estimate of COX-2 selective NSAIDs was 11.0% (95% CI 8.0,
14.8; n = 23 studies, I2 = 51.8%, moderate quality of evidence)
(11,12,27,28,30,31,34–38,46,52,57,59,62,61,65–68,71,73) com-
pared to nonselective NSAIDs at 34.5% (95% CI 27.0, 42.8;
n = 23 studies, I2 = 48.8%, moderate quality of evidence)
(12,27,28,30,31,34,36–38,46,48,52,57,59,61,62,63,65–68,71,73).
The stratified analyses results are summarized in Table 3 and the for-
est plot shown in Supplementary Figure 3, available on the Arthritis

Care & Research website at http://onlinelibrary.wiley.com/doi/10.
1002/acr.25157.

Prescribing estimates per mode of delivery and mode of

action. Ten studies (25,28,33,39,40,42,45,49,50,66) provided
data on howNSAIDs were delivered. A summary is shown in Sup-
plementary Figure 3, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.25157,
grouping NSAIDs as either oral, topical, transdermal patch, or
suppository, and grouping them as systemic and topical. High
heterogeneity prevented pooling.

DISCUSSION

Our review established that 4 in every 10 participants
diagnosed with osteoarthritis seeking health care were

Figure 2. Proportion of participants with osteoarthritis prescribed a
nonsteroidal antiinflammatory drug. The study name reports the
name of the first author and publication year, followed by the associ-
ated data year.
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prescribed a type of NSAID over 30 years. Prescribing was
greater in middle-income countries, but there was no evi-
dence available from low-income countries. NSAID prescrib-
ing was influenced by geographic region, and there has
been a decrease in prescribing over time. Half of the included
studies reported details on the types of NSAIDs prescribed,
in which prescribing of nonselective NSAIDs was more preva-
lent than selective NSAID prescribing. Data were limited on

prescribing for spine-related osteoarthritis, but NSAID pre-
scribing was prevalent in approximately one-third of partici-
pants with hip-related osteoarthritis and nearly half in those
with knee osteoarthritis.

Our review with a large sample is the first to examine the
extent of NSAID prescribing for the clinical management of osteo-
arthritis and the potential factors associated with prescribing. Our
thorough and sensitive search was conducted without

Table 3. Summary of estimates from subgroup analyses*

Studies, no. I2 value, % Event rate (95%CI)

Osteoarthritis site
Hip 3 0 0.349 (0.238, 0.479)
Knee 11 28.8 0.463 (0.369, 0.559)
Spine 1 0 0.669 (0.666, 0.672)

WHO regions
East Asia and Pacific 10 31.7 0.468 (0.350, 0.589)
Europe and Central Asia 23 12.2 0.402 (0.318, 0.493)
Latin America and Caribbean 1 0 0.685 (0.668, 0.701)
Middle East and North Africa 1 0 0.341 (0.339, 0.343)
North America 12 11.0 0.326 (0.169, 0.536)
South Asia 4 3.0 0.834 (0.748, 0.894)

Income status
High income 46 8.5 0.403 (0.336, 0.474)
Lower to middle income 4 0 0.834 (0.748, 0.894)
Upper to middle income 1 0 0.685 (0.668, 0.701)

NSAID type†
Aceclofenac 6 – 0.143 (0.044, 0.376)
Celecoxib 7 – 0.033 (0.019, 0.055)
Dexibuprofen 1 – 0.000 (0.000, 0.000)
Dexketoprofen 2 – 0.055 (0.004, 0.470)
Diclofenac 13 – 0.133 (0.080, 0.213)
Etodolac 1 – 0.121 (0.086, 0.167)
Etoricoxib 5 – 0.023 (0.006, 0.078)
Flurbiprofen 1 – 0.001 (0.001, 0.001)
Ibuprofen 10 – 0.106 (0.046, 0.226)
Indomethacin 2 – 0.009 (0.005, 0.015)
Ketoprofem 1 – 0.042 (0.041, 0.043)
Ketorolac 1 – 0.010 (0.005, 0.020)
Lornoxicam 2 – 0.041 (0.003, 0.392)
Meloxicam 4 – 0.041 (0.006, 0.227)
Nabumetone 1 – 0.072 (0.068, 0.077)
Naproxen 10 – 0.047 (0.027, 0.078)
Nimesulide 1 – 0.111 (0.109, 0.112)
Oxaprozin 1 – 0.043 (0.040, 0.047)
Piroxicam 5 – 0.022 (0.010, 0.050)
Rofecoxib 3 – 0.022 (0.012, 0.042)
Rofecoxib/etoricoxib/valdecoxib 1 – 0.176 (0.128, 0.237)
Tenoxicam 1 – 0.003 (0.003, 0.003)

Selective versus nonselective
Selective 23 51.8 0.110 (0.080, 0.148)
Nonselective to selective 23 48.8 0.345 (0.270, 0.428)

Delivery mode†
Oral 10 – 0.387 (0.233, 0.568)
Patch 1 – 0.068 (0.066, 0.069)
Suppository 1 – 0.002 (0.002, 0.002)
Topical 1 – 0.212 (0.118, 0.350)

Mode of action†
Systemic 10 – 0.400 (0.253, 0.568)
Topical 4 – 0.212 (0.118, 0.350)

* 95% CI = 95% confidence interval; NSAID = nonsteroidal antiinflammatory drug; WHO = World Health
Organization.
† High heterogeneity present, except when 1 study was present.
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restrictions and used backward and forward reference and author
citation tracking. The limitations of this study include some report-
ing bias, as most studies did not use a validated measurement
instrument, and the use of observational studies, which is
unavoidable in prevalence-based studies. We acknowledge that
osteoarthritis can affect any joint, and clinical management can
vary, and we conducted meta-regression to explore factors asso-
ciated with NSAID prescribing, However, other factors than what
we were able to include in the analysis, such as patient-related
factors, were unlikely to contribute to prescribing, as only 42%
of the variance was explained with the included study-related fac-
tors. We noted that data were limited on prescribing for spine-
related osteoarthritis and on specific dosing regimens (regular or
“when needed” use patterns), dose form, and duration. Our esti-
mates are likely be an underestimate of actual NSAID prescribing,
as some NSAIDs are available over-the-counter and do not
always need a prescription. Only 1 study (39) reported the inclu-
sion of NSAIDs prescribed as over-the-counter, and there was
no difference in the estimates from clinical records of prescribing
versus dispensing claims records. Our estimates could also be
an underestimate. Our post hoc sensitivity analysis explored
meta-analysis robustness, as there can be variance from studies
contributing proportional data when close to 0 and 1. The analysis
revealed higher pooled estimates.

The prevalence of NSAID prescribing to participants in pri-
mary and tertiary care with osteoarthritis was greater than in many
reports of NSAID prescribing in the general population (74,75), for
example, 16% in 2015 in the US (76), 22% in tertiary care in
Nigeria (77), and 36% in Malaysian primary care (78). Half of the
studies included in this review were from Europe. Included
European studies as well as studies from high-income countries
saw a rate of NSAID prescribing for osteoarthritis similar to what
the literature indicates, as the general NSAID prescribing rate in
the general population is lower than 40% (74,75,79). NSAID pre-
scribing can differ between countries but also between popula-
tions, such as in older populations, where NSAID prescribing
has been reported to be as high as 55% (80). Geographic differ-
ences of NSAID prescribing may be related to variance in the
under- or overuse of medicines and variances in medical systems
between different countries, including differences in reimburse-
ment policies, national education campaigns for clinicians to pro-
mote the judicious use of NSAIDs (81,82) and marketing
practices (83).

The majority of included studies were from high-income
countries. Previous studies (84,85) determining prescribing pat-
terns and use of NSAIDs in the general population have observed
similar findings. The number of studies of prescribing patterns
from middle-income countries continues to be limited. The few
studies frommiddle-income countries suggested that NSAID pre-
scribing is greater than in high-income countries. There could be
several reasons to explain these differences, such as the availabil-
ity and low cost of NSAIDs, and a greater number of NSAIDs may

require prescription rather than being available over-the-counter
compared to high-income countries. However, the extent of
NSAID prescribing for osteoarthritis in low-income countries,
and whether this prescribing has changed over time, is uncertain.
The decrease in NSAID prescribing noted over time in our review
coincides with the increase in opioid prescribing (84) for chronic
noncancer pain over the last 2 decades, although recent opioid
mitigation strategies following rises in opioid-related harms have
begun to take effect. Previous studies have found that NSAID pre-
scribing in the general population from high-income countries has
also decreased over time (83,86,87).

The focus of this review was to determine NSAID prescribing
among patients diagnosed with osteoarthritis. Therefore, we are
still unclear about the prevalence of NSAID prescribing and use
among people who self-reported nonclinically diagnosed osteo-
arthritis. We noticed that most studies (85%) did not require radio-
graphic evidence for confirmation of osteoarthritis in their
inclusion criteria. The use of NSAIDs may be higher than our
pooled estimates and future research could explore differences
between NSAIDs use and prescribing rates to understand adher-
ence to clinical recommendations. Understanding the differences
between NSAID prescribing and utilization can identify scenarios
where overprescribing occurs.
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Efficacy and Safety of Sublingual Cyclobenzaprine for the
Treatment of Fibromyalgia: Results From a Randomized,
Double-Blind, Placebo-Controlled Trial

Seth Lederman,1 Lesley M. Arnold,2 Ben Vaughn,3 Mary Kelley,1 and Gregory M. Sullivan1

Objective. To evaluate the efficacy and safety of TNX-102 SL, a once-nightly sublingual formulation of cycloben-
zaprine, in reducing pain in patients with fibromyalgia (FM).

Methods. RELIEF was a double-blind, randomized, placebo-controlled trial. Overall, 503 patients received
TNX-102 SL 2.8 mg for 2 weeks, followed by 5.6 mg for 12 weeks (248 patients), or matching placebo (255 patients).
The primary end point was change from baseline at week 14 in the weekly average of daily pain scores. Secondary
end points included Patient Global Impression of Change (PGIC) scores, Fibromyalgia Impact Questionnaire Revised
(FIQR) scores, Patient-Reported Outcomes Measurement Information System (PROMIS) Sleep Disturbance and
Fatigue scores, and daily sleep quality. Safety was assessed by adverse event (AE) reporting.

Results. Reduction in daily pain from baseline at week 14 was significantly greater with TNX-102 SL (least squares
[LS] mean change –1.9 [95% confidence interval (95% CI) −2.1, −1.7]) versus placebo (LS mean change −1.5 [95% CI
−1.7, −1.3]; P = 0.01). TNX-102 SL was not associated with significant improvement in PGIC at week 14 but was
associated with improvements in FIQR scores, PROMIS scores, and daily sleep quality. Overall, 59.7% of patients
receiving TNX-102 SL and 46.3% receiving placebo reported treatment-emergent AEs; the most common were oral
hypoesthesia (17.3% with TNX-102 SL versus 0.4% with placebo), oral paresthesia (5.6% versus 0.4%, respectively),
and product taste abnormal (4.4% versus 0.4%, respectively).

Conclusion. In this phase III, randomized, controlled trial of patients with FM, treatment with TNX-102 SL was
associated with significant reductions in daily pain and was safe and well tolerated.

INTRODUCTION

Patients with fibromyalgia (FM) experience chronic multisite

pain, disturbed sleep, and chronic fatigue; other common fea-

tures of FM include tenderness, cognitive impairment (difficulty

concentrating, forgetfulness, and disorganized thinking), muscu-

loskeletal stiffness, and environmental sensitivity (intolerance to

bright lights, loud noises, perfumes, and cold) (1–3). FM affects

an estimated 2.0–6.4% of people in the US, and prevalence tends

to be higher in women than in men (4–6).
Chronic pain has historically been seen as the defining fea-

ture of FM; however, recent diagnostic criteria from the Analgesic,

Anesthetic, and Addiction Clinical Trial Translations Innovations

Opportunities and Networks (ACTTION)–American Pain Society

Pain Taxonomy identified fatigue and sleep problems as key

associated symptoms occurring in most patients (3). Patients with

FM experience nonrestorative, poor-quality sleep with longer
duration of wakefulness and shorter sleep duration; they addition-
ally spend more time in light sleep and have greater sleep latency
than healthy controls (7,8).

The US Food and Drug Administration (FDA) has approved
3 medications to treat FM: pregabalin, duloxetine, and milnaci-
pran (9). In a survey of 800 patients with FM, 70% reported
using pain medications prescribed by their physician, but only
19% reported being very satisfied with their current treatment,
whereas 28% were not very satisfied or not at all satisfied (10).
Furthermore, 35% of patients reported that chronic wide-
spread pain was not well managed by their current treatment,
and 22% reported that fatigue, joint pain, and concentration
difficulties were also not well managed (10), highlighting an
unmet need for additional treatments that can adequately treat
multiple symptoms of FM.
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Oral cyclobenzaprine, although not approved to treat FM,
was initially studied as a possible treatment owing to pharmaco-
logic similarities with tricyclic antidepressants (11). A meta-
analysis of 5 randomized controlled trials found that treatment
with oral cyclobenzaprine was associated with significant
improvements in sleep after 4, 8, and 12 weeks of treatment, with
significant improvements in pain at the 4-week time point (12). On
the basis of this evidence, EULAR recommends oral cycloben-
zaprine to treat sleep disturbance associated with FM, while cau-
tioning that it has not been demonstrated to improve pain after
12 weeks of treatment (13). Treatment with oral cyclobenzaprine
was also associated with adverse reactions of dry mouth, somno-
lence, dizziness, drowsiness/fatigue, and weight gain (14,15).

TNX-102 SL (sublingual cyclobenzaprine) is a low-dose sub-
lingual formulation of cyclobenzaprine designed for transmucosal
absorption to produce diurnal variation in peak-to-trough drug
levels. Peak cyclobenzaprine levels (mean ± SD steady state
maximum concentration 11,206 ± 5,659 pg/ml) are achieved a
median of 5 hours after dosing of TNX-102 SL 5.6 mg, near the
middle of the sleep phase, with daytime concentrations falling to
a mean ± SD minimum concentration of 4,910 ± 3,531 pg/ml
(16). Compared with oral (immediate release) cyclobenzaprine,
treatment with TNX-102 SL resulted in more rapid cyclobenza-
prine absorption, 54% higher bioavailability, and reduced
24-hour plasma exposure to the cyclobenzaprine metabolite nor-
cyclobenzaprine (16).

Cyclobenzaprine antagonizes serotonin 2A (5-HT2A), 5-HT2B,
and 5-HT2C; histamine 1 (H1); α1A-, α1B-, α2B-, and α2C-adrenergic;
and muscarinic 1 (M1) acetylcholine receptors, as well as relatively
weakly inhibits activity at the norepinephrine transporter (NET)
and serotonin transporter (SERT) (17). A single 5-mg dose of oral
cyclobenzaprine results in accumulation of norcyclobenzaprine,
which generally antagonizes the same receptors as cyclobenzapr-
ine but with lower potency, although it is a more potent inhibitor of
NET (17,18). Treatment with TNX-102 SL bypasses first-pass

hepatic metabolism and results in lower norcyclobenzaprine expo-
sure relative to the parent comparedwith treatment with oral cyclo-
benzaprine (16).

Unlike other cyclobenzaprine formulations, TNX-102 SL is
intended to be taken once daily at bedtime to enhance nocturnal
treatment effects, while limiting daytime side effects such as drows-
iness, dry mouth, and dizziness. The use of TNX-102 SL 2.8 mg
administered daily at bedtime to reduce pain and improve sleep
quality in patients with FM was supported by the results of a
proof-of-concept trial and more recently by the results of phase IIb
(ClinicalTrials.gov identifier: NCT01903265) and phase III
(ClinicalTrials.gov identifier: NCT02436096) trials (19–21). This
phase III, double-blind, multicenter, placebo-controlled trial
(RELIEF) (ClinicalTrials.gov identifier: NCT04172831) evaluated the
efficacy and safety of once-daily TNX-102 SL 5.6 mg taken at bed-
time for the treatment of patients with FM.

PATIENTS AND METHODS

Patients. Patients were 18–65 years old with a diagnosis of
primary FM according to the 2016 revision to the 2010/2011 FM
diagnostic criteria (2), including generalized pain, symptoms pres-
ent at a similar level for ≥3 months, widespread pain index ≥7 and
symptom severity score ≥5 or widespread pain index between
4 and 6 and symptom severity score ≥9, and with no other disor-
der that could explain the pain. All patients additionally had to
meet diary-based criteria for FM-related pain, reporting a 7-day
average daily pain score of ≥4 and ≤9 on an 11-point (scale of
0–10) numeric rating scale (NRS) in the 7 days before
randomization.

Patients were excluded if they had medical or psychiatric
conditions (e.g., infection, systemic autoimmune disease, other
pain syndromes, bipolar mood disorders, psychotic disorders,
increased suicide risk, substance use disorders, pregnancy, or
nursing) that could affect their ability to participate in the trial or
their well-being during the trial. Patients were additionally
excluded if they were unwilling or unable to withdraw from prohib-
ited medications, including duloxetine, milnacipran, pregabalin,
gabapentin, tricyclic antidepressants, trazodone, opioids, naltrex-
one, benzodiazepines, and other formulations of cyclobenza-
prine. Allowed concomitant treatments included acetaminophen
and nonsteroidal antiinflammatory drugs (NSAIDs) for pain, cer-
tain antidepressants such as selective serotonin reuptake inhibi-
tors, nonhypnotic insomnia treatments such as sedating
antihistamines (other than during baseline data collection), and
any other nonexcluded medications taken at a stable dose.
Patients receiving permitted treatment for depression had to be
clinically stable for 3 months before randomization. Additionally,
patients were excluded if they had a day with a pain score of
10, >2 days with a pain score of <4, or <5 days with any recorded
pain score in the 7 days before randomization.

SIGNIFICANCE & INNOVATIONS
• Fibromyalgia (FM) affects an estimated 2–6% of

people in the US, with symptoms including chronic
multisite pain and disturbed sleep.

• TNX-102 SL is a novel, low-dose, sublingual formula-
tion of cyclobenzaprine designed to be taken at
bedtime.

• In this phase III, double-blind, multicenter, placebo-
controlled trial, treatment with TNX-102 SL was
associated with significant reductions in daily pain
relative to placebo and was well tolerated by
patients with FM.

• Secondary results suggested that treatment with
TNX-102 SL improved sleep, reduced fatigue, and
positively impacted a broad array of associated
symptoms and dysfunction in patients with FM.
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Study design. This was a phase III, double-blind, multicen-
ter, randomized, placebo-controlled 14-week trial of TNX-102 SL
5.6 mg daily at bedtime for the treatment of FM. The study con-
sisted of an up to 35-day screening period, which included up to
28 days to wash out excluded medications, followed by a 7-day
run-in baseline period prior to randomization, and a 14-week
treatment period. The washout of excluded medications could
be extended up to 49 days with medical monitor approval, and
follow-up could be extended if an adverse event (AE) was unre-
solved at the end of the treatment period. Patients visited the
study center at screening; at baseline/randomization; and at
weeks 2, 6, 10, and 14. The study was conducted from
November 2019 to October 2020; telephone visits were available
if needed because of the COVID-19 pandemic.

The study protocol was written in accordance with the
Declaration of Helsinki and approved by a central institutional
review board (Advarra), which also conducted site-level reviews
and approval. One academic site additionally received an internal
institutional review board approval. The study was conducted in
accordance with FDA regulations and International Council of
Harmonisation Guidelines for Good Clinical Practice. All patients
provided written informed consent.

At the screening visit, patients provided in-clinic 7-day recall
NRS pain intensity scores. Patients were also trained to record
average daily pain intensity and sleep quality using the electronic
diary each evening and, if necessary, developed a plan to stop
use of excluded medications >21 days before randomization.
Baseline data were collected using the daily diary during the
7-day run-in period immediately prior to the randomization visit,
and 14 days after stopping any excluded medications.

During the randomization visit, patients were randomly
assigned in a 1:1 ratio to receive TNX-102 SL 5.6 mg or matching
placebo tablets using interactive response technology. Randomi-
zation was stratified by study center, and all patients and study
personnel were blinded with regard to treatment assignment.
Investigators could unblind patients with serious AEs if necessary
for patient safety. Patients were instructed to take 1 tablet
(TNX-102 SL 2.8 mg or placebo) daily at bedtime for the first
2 weeks; at the week 2 visit, patients were instructed to take
2 tablets (TNX-102 SL 5.6 mg or placebo) through the duration
of the trial. If a patient reported AEs that were intolerable, the dose
could be reduced to 1 tablet at the discretion of the investigator.

Assessments and end points. Efficacy assessments.
Patients completed a daily electronic diary from screening
through the week 14 end-of-study visit; diary entries were to be
completed in the evening before dosing. In the diary entries,
patients reported their average pain severity over the previous
24 hours using an 11-point NRS, with 0 indicating no pain and
10 indicating worst possible pain. They also reported the quality
of sleep for the prior night on an 11-point NRS, with 0 indicating

the best possible sleep and 10 indicating the worst possible
sleep quality.

At the week 2, 6, 10, and 14 visits, patients completed
the Patient Global Impression of Change (PGIC) questionnaire,
the revised Fibromyalgia Impact Questionnaire (FIQR), and the
Patient-Reported Outcomes Measurements Information System
(PROMIS) questionnaires for sleep disturbance and fatigue; the
FIQR and PROMIS questionnaires were also completed on
day 1. The PGIC is a validated instrument that gauges patient
assessment of change in their overall condition on a 7-point scale,
with 1 indicating “very much improved,” 4 indicating “no change,”
and 7 indicating “very much worse” (22). The FIQR is a validated
questionnaire comprising 21 questions, all of which are framed
in the context of the last 7 days and use a 0–10 scale NRS
(with 10 indicating worst) to assess 3 domains: functional (9 ques-
tions), symptoms (10 questions), and overall impact (2 questions).
PROMIS is an initiative developed by the National Institutes of
Health to assess patient-reported outcomes across chronic con-
ditions (23). The PROMIS Sleep Disturbance instrument focuses
on perceptions of sleep quality, restorative sleep, difficulty getting
to sleep, and satisfaction with sleep, whereas the Fatigue instru-
ment focuses on the experience of fatigue (including intensity, fre-
quency, and duration) and its impact on physical, mental, and
social activities (23).

Safety assessments. Patients were monitored for AEs
throughout the study after informed consent was obtained. FM
symptoms were reported as AEs if they worsened or became
more frequent and were outside the normal experience in the
opinion of the participant. An examination of the oral cavity was
conducted at the screening visit and at each in-clinic study visit;
patients with any AE involving the oral cavity that was possibly
related to study drug were encouraged to contact the investiga-
tive site as soon as possible and come in for an unscheduled visit
to conduct an oral cavity examination.

End points. The primary efficacy end point was change from
baseline to week 14 in the weekly average of daily pain NRS
severity scores from the daily diary. Predefined secondary end
points were the proportion of patients considered PGIC
responders (reporting a rating of “much improved” or “very much
improved”) at week 14 and change from baseline at week 14 in
the FIQR symptoms domain score, FIQR function domain score,
PROMIS score for sleep disturbance, PROMIS score for fatigue,
and weekly average of daily sleep quality NRS scores (from the
daily diary).

Safety end points included treatment-emergent AEs (TEAEs)
and the Beck Depression Inventory-II (BDI-II). TEAEs were defined
as either a new-onset AE or an AE (or medical history) present
prior to randomization that increased in severity or frequency
and were summarized by severity and relationship to study drug.

Statistical analysis. Planned enrollment was 470 patients
(235 per arm), providing a power of ≥90% to detect an effect size
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of 0.3 using a 2-sided t-test with an alpha level of 0.05.
A prespecified interim analysis of efficacy was performed by a
separate unblinded team after randomization of 236 patients;
the primary outcome was tested at a 1-sided alpha level of
0.005, and the corresponding final 2-sided alpha level to account
for the first stage alpha was set to 0.0452.

Efficacy was assessed in the intent-to-treat population,
which included all randomized patients; safety was assessed in
the safety population, which included all patients who took inves-
tigational product. The primary end point was analyzed using a
restricted maximum likelihood–based repeated-measures
approach with data imputed using multiple imputation with the
assumption that patients who discontinued owing to AEs and
lack of efficacy would revert to the distribution of baseline values,
whereas other dropouts and intermittent missing data would fol-
low the distribution of values in the assigned treatment group.
The models included the fixed, categorical effects of treatment,
site, study week, and treatment-by–study week interaction, as
well as the fixed covariates of baseline value and baseline value
score-by–study week interaction. A 2-sided P value of <0.0452
was set as significant, owing to the alpha spend from the interim
analysis.

Secondary end points were tested sequentially to adjust for
multiplicity and to control for type I error; if any secondary end
point did not produce a significant result (i.e., P ≥ 0.0452), the
remaining secondary end points were considered descriptive
and reported with nominal P values. For the first secondary end
point, a categorical analysis of PGIC was performed using a logis-
tic regression model for each visit with effects for treatment and
investigative site; patients with missing data were considered
nonresponders. A post hoc analysis was conducted to compare
the proportion of patients with any improvement in PGIC in the
TNX-102 SL and placebo arms using the same methodology.
An approach identical to the primary analysis was used for the
remaining (continuous) secondary end points. AE end points were
summarized descriptively. BDI-II scores were analyzed using a
mixed model for repeated measures approach.

RESULTS

Patients. A total of 503 patients were randomized to
receive either TNX-102 SL (n = 248) or placebo (n = 255)
(Figure 1). Among randomized patients, 417 patients (82.9%)
completed the trial; 17.7% of patients receiving TNX-102 SL dis-
continued the trial compared with 16.5% of patients receiving pla-
cebo. Baseline characteristics were well balanced between
treatment groups with no notable differences between groups
for demographic variables (Table 1). Patients experienced FM
symptoms for a mean of 9.1 years and were broadly representa-
tive of the diagnosed clinical FM population. Overall, 95% of
patients were female, and the mean age was 49.6 years. Most
patients were White (87%) and college educated (82%). The most

commonly used classes of concomitant medications were
NSAIDs (45.5%), other analgesics and antipyretics (25.0%), treat-
ments for ulcer or acid reflux (21.7%), protocol-allowed antide-
pressants (19.5%), and nonsedating antihistamines (16.3%)
(Table 1). Sedating antihistamines were used by 5.4% of patients.

Efficacy. Primary end point. At week 14, the least squares
(LS) mean change from baseline (95% CI) in the weekly average
of daily diary pain scores was significantly greater in the TNX-
102 SL group (LS mean –1.91 [95% CI −2.15, −1.68]) than in
the placebo group (LS mean −1.51 [95% CI −1.74, −1.28];
P = 0.01) (Figure 2A). In an exploratory analysis, a greater propor-
tion of patients receiving TNX-102 SL (46.8%) experienced a
≥30% reduction in daily pain at week 14 relative to placebo
(34.9%) (odds ratio [OR] 1.67 [95% CI 1.16, 2.40]; P = 0.006)
(Figure 2B).

Secondary end points. At week 14, the percentage of
patients classified as responders (reporting a rating of “much
improved” or higher) on the PGIC was numerically higher in the
TNX-102 SL group than in the placebo group; however, the OR
(95% CI) did not achieve statistical significance (OR 1.44 [95%
CI 0.99, 2.10]; P = 0.058) (Figure 3A). Because the first key sec-
ondary end point did not reach significance, analyses of remaining
secondary end points are considered descriptive and are
reported with nominal P values. The percentage of PGIC
responders was greater in the TNX-102 SL group than in
the placebo group at week 10 (nominal P = 0.044). In a post
hoc analysis, the percentage of patients reporting any
improvement in PGIC (ratings of “minimally improved,” “much
improved,” or “very much improved”) was greater in the
TNX-102 SL group than in the placebo group at week
14 (OR 1.62 [95% CI 1.13, 2.33]; nominal P = 0.009).

The LS mean change from baseline in FIQR symptom
domain scores at week 14 was greater in the TNX-102 SL group
than in the placebo group (–18.38 and –14.05, respectively; LS
mean difference [LSMD] –4.3 [95% CI –7.4, –1.2]; nominal
P = 0.007) (Figure 3B). Similarly, the LS mean change from base-
line in FIQR function domain scores at week 14 was greater in the
TNX-102 SL group than in the placebo group (–13.63 and –9.25,
respectively; LSMD –4.4 [95% CI –7.7, –1.0]; nominal P = 0.009)
(Figure 3C). In addition, the LS mean change from baseline in the
FIQR impact domain scores at week 14 was greater in the TNX-
102 SL group than in the placebo group (–4.73 and –3.34,
respectively; LSMD –1.4 [95% CI –2.3, –0.5]; nominal
P = 0.002). Nominally significant improvements relative to placebo
were observed across a broad range of individual FIQR items,
including level of pain, energy, stiffness, quality of sleep, depres-
sion, memory problems, tenderness to touch, and sensory (envi-
ronmental) sensitivity (Supplementary Table 1, available on the
Arthritis Care & Research website at https://onlinelibrary.wiley.
com/doi/10.1002/acr.25142/abstract).
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At week 14, the LS mean change from baseline in PROMIS
Sleep Disturbance scores was greater in the TNX-102 SL group
than in the placebo group (–9.47 and –6.55, respectively; LSMD

−2.9 [95% CI −4.5, −1.3]; nominal P < 0.001) (Figure 4A). The
LS mean change from baseline in PROMIS Fatigue scores at
week 14 was greater in the TNX-102 SL group than in the

Figure 1. Patient disposition. A total of 503 patients were randomized. All patients received ≥1 dose of study drug, and 417 patients (82.9%)
completed the study. AE = adverse event; SL = sublingual.

Table 1. Patient demographic and baseline clinical characteristics*

Characteristic TNX-102 SL (n = 248) Placebo (n = 255) Total (N = 503)

Age, years 50.0 ± 9.4 49.3 ± 10.2 49.6 ± 9.8
Female sex, no. (%) 232 (93.5) 247 (96.9) 479 (95.2)
Hispanic/Latino ethnicity, no. (%) 43 (17.3) 42 (16.5) 85 (16.9)
Race, no. (%)
White 222 (89.5) 216 (84.7) 438 (87.1)
Black/African American 19 (7.7) 20 (7.8) 39 (7.8)
Asian 2 (0.8) 5 (2.0) 7 (1.4)
American Indian/Alaska Native 1 (0.4) 2 (0.8) 3 (0.6)
Native Hawaiian/other Pacific Islander 0 (0.0) 1 (0.4) 1 (0.2)
Multiple† 3 (1.2) 9 (3.5) 12 (2.4)

Body mass index, kg/m2 32.4 ± 6.6 31.6 ± 6.3 32.0 ± 6.4
Some college or greater education, no. (%) 205 (82.7) 212 (83.1) 417 (82.9)
Duration of fibromyalgia, years 9.2 ± 8.4 9.0 ± 8.1 9.1 ± 8.2
Diary pain score 6.1 ± 1.1 6.0 ± 1.1 6.1 ± 1.1
PROMIS Sleep Disturbance score 58.3 ± 6.4 60.0 ± 6.5 59.2 ± 6.5
PROMIS Fatigue score 62.5 ± 6.0 63.5 ± 6.3 63.0 ± 6.1
FIQR Symptoms domain score 52.3 ± 14.2 54.2 ± 14.5 53.3 ± 14.3
FIQR Function domain score 35.6 ± 20.5 37.1 ± 20.0 36.4 ± 20.2
FIQR Impact domain score 9.7 ± 5.2 9.7 ± 5.0 9.7 ± 5.1
BDI-II total score 8.3 ± 6.4 9.2 ± 6.2 8.8 ± 6.3
C-SSRS items, no. (%)
Any suicidal ideation, lifetime 42 (16.5) 39 (15.7) 81 (16.1)
Any suicidal ideation, past 6 months 3 (1.2) 3 (1.2) 6 (1.2)
Actual suicide attempt, lifetime 11 (4.3) 5 (2.0) 16 (3.2)

Concomitant medication use, no. (%)‡
NSAIDs 110 (44.4) 119 (46.7) 229 (45.5)
Other analgesics and antipyretics 62 (25.0) 64 (25.1) 126 (25.0)
Drugs for peptic ulcer and GERD 55 (22.2) 54 (21.2) 109 (21.7)
Antidepressants 42 (16.9) 56 (22.0) 98 (19.5)
Nonsedating antihistamines 44 (17.7) 38 (14.9) 82 (16.3)

* Except where indicated otherwise, values are the mean ± SD. BDI-II = Beck Depression Inventory-II; C-SSRS =
Columbia Suicide Severity Rating Scale; FIQR = Fibromyalgia Impact Questionnaire Revised; GERD = gastroesopha-
geal reflux disease; NSAIDs = nonsteroidal antiinflammatory drugs; PROMIS = Patient-Reported Outcomes Mea-
surement Information System; SL = sublingual.
† Patients who selected >1 race.
‡ Concomitant medications taken by ≥15% of patients in the overall population.
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placebo group (–7.99 and –6.21, respectively; LSMD −1.8 [95%
CI −3.3, −0.3]; nominal P = 0.018) (Figure 4B). Similarly, the LS
mean change from baseline in daily diary sleep scores at week
14 was greater in the TNX-102 SL group than in the placebo
group (−2.04 and −1.45, respectively; LSMD −0.6 [95% CI −0.9,
−0.3]; nominal P < 0.001) (Figure 4C).

Safety. Overall, 8.9% of patients receiving TNX-102 SL dis-
continued study drug owing to a TEAE compared with 3.9% of
patients receiving placebo. Of patients receiving TNX-102 SL,
6.0% underwent a dose reduction compared with 3.1% of
patients receiving placebo (Supplementary Table 2, available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.25142/abstract).
There was no clear pattern in the AEs that led to dose reductions

or discontinuations. TEAEs were reported in 59.7% of patients in
the TNX-102 SL group and 46.3% of patients in the placebo
group; most TEAEs with TNX-102 SL were mild or moderate in

Figure 2. A, Least squares (LS) mean (SE) change from baseline in
the weekly average of the daily pain numeric rating scale severity
scores from the daily diary. B, Patients achieving various levels of
improvement in pain intensity. The yellow line indicates the percent-
age of patients who experienced a ≥30% reduction in daily pain. SL
= sublingual. * = P < 0.0452; ** = P = 0.006.

Figure 3. A, Percentage of patients indicating “much improved” or
“very much improved” on the Patient Global Impression of Change.
B, Least squares (LS) mean (SE) change from baseline on the
Fibromyalgia Impact Questionnaire Revised (FIQR) Symptoms
domain score. C, LS mean (SE) change from baseline in FIQR
Function domain score. SL = sublingual. # = P = 0.058; * = nominal
P < 0.0452; ** = nominal P < 0.01.
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severity (Table 2). The most commonly reported TEAEs with
TNX-102 SL were oral hypoesthesia (17.3% versus 0.4% with
placebo), oral paresthesia (5.6% versus 0.4%, respectively),
and product taste abnormal (4.4% versus 0.4%, respectively).
Most oral cavity TEAEs (72.8%) in the TNX-102 SL group were
temporally related to dosing and lasted <60 minutes (71.9%).
In the placebo group, 32.3% of oral cavity TEAEs were tempo-
rally related to dosing, and 60% lasted <60 minutes. Overall,
32.2% of patients reported ≥1 TEAE considered possibly related
to study drug.

BDI-II total scores improved from baseline to week 14 in both
groups, with greater improvements in the TNX-102 SL group than
in the placebo group (LSMD −1.2 [95% CI −2.1, −0.3]; nominal
P = 0.012). Improvements in BDI-II total scores reflect improve-
ments in symptoms including crying, indecisiveness, pessimism,
and self-dislike (Supplementary Table 3, http://onlinelibrary.wiley.
com/doi/10.1002/acr.25142/abstract).

DISCUSSION

Among patients with FM, treatment with TNX-102 SL was
associated with significantly reduced daily pain compared with
placebo at week 14, meeting the primary end point of the RELIEF
trial. Nominally significant reductions in pain were apparent at
week 1 and were seen at weeks 5, 8, 10, 12, and 13, in addition
to the week 14 end point, suggesting rapid and sustained pain
relief. A total of 46.8% of patients achieved ≥30% pain reduction
with TNX-102 SL, significantly more than with placebo, and a
higher percentage of patients responded to TNX-102 SL com-
pared with placebo across the range of possible pain reduction
thresholds (Figure 2B).

Although the first key secondary efficacy end point of PGIC
responders did not meet the prespecified threshold for statistical
significance, nominally significant improvements in PGIC in the
TNX-102 SL arm were apparent at week 10 and in a post hoc
analysis of any improvement in PGIC at week 14, suggesting that
TNX-102 SL treatment may be associated with clinically meaningful
improvements in this patient-reported outcome. TNX-102 SL treat-
ment was also associated with clinically meaningful and nominally
significant improvements in the FIQR function, impact, and symp-
tom domains, with improvement in the symptom domain reflecting
improvement in a range of symptoms including pain, energy level,
quality of sleep, depression, and memory and sensory issues.
Improvements in sleep disturbance, fatigue, and sleep quality with
TNX-102 SL relative to placebo were supported by results from
PROMIS assessments and diary sleep quality scores. In addition,
consistent with improvements in symptoms of depression reported
in the FIQR, changes from baseline in BDI-II total and individual item
scores suggested that somedepressive symptoms improvedmore
in patients receiving TNX-102 SL than in patients receiving placebo.

Figure 4. A, Least squares (LS) mean (SE) change from base-
line in Patient-Reported Outcomes Measurement Information
System (PROMIS) scores for sleep disturbance. B, LS mean
(SE) change from baseline in PROMIS scores for fatigue. C,
Weekly average of diary-reported sleep quality. SL = sublingual.
* = nominal P < 0.0452; ** = nominal P < 0.01; *** = nominal
P < 0.001.
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Low baseline scores indicated that most patients enrolled in the
study did not have scores above threshold for a diagnosable
depressive disorder, although patients could continue permitted
antidepressants during the treatment period, which may have con-
tributed to the lower scores. Although further studies of patient-
reported outcomes and quality of life may be warranted to better
define the clinical impact of TNX-102 SL treatment, these results
suggest that treatment with TNX-102 SL can provide clinically
meaningful improvements in global symptoms and functioning in
patients with FM including pain, sleep, fatigue, affective symptoms,
and cognitive symptoms central to the FM diagnosis.

Although 17.7%of patients receiving TNX-102 SL discontin-
ued the trial compared with 16.5% of patients receiving placebo,
few patients (8.9%) receiving TNX-102 SL discontinued owing to
a TEAE compared with 3.9% in the placebo arm. The most com-
monly reported TEAEs with TNX-102 SL were orally related.
These TEAEs were generally transient, related temporally to dos-
ing, and most likely were a result of sublingual dosing
(i.e., administration site reactions). Assessing any impact of oral
AEs on patient-reported treatment tolerability and adherence
may be an important topic for future studies.

Interestingly, TEAEs of fatigue and sedation were each only
reported by 3.6% of patients receiving TNX-102 SL. In compari-
son, in a published study of patients receiving 5 mg of oral cyclo-
benzaprine, 29% experienced drowsiness and 6% experienced
fatigue (24). The apparent reduction in daytime AEs observed
with TNX-102 SL could be explained by the dynamic diurnal
peak-to-trough changes in cyclobenzaprine levels with bedtime
sublingual transmucosal dosing and possibly reduced exposure
to norcyclobenzaprine. Finally, the incidence of TEAEs of dry
mouth was similar between the TNX-102 SL (3.2%) and pla-
cebo (2.7%) groups. The rate of dry mouth with oral

cyclobenzaprine 5 mg was reported to be 21% compared with
7% for placebo (24), and this may also be related to higher NET
inhibition from greater accumulation of norcyclobenzaprine rel-
ative to the parent when cyclobenzaprine is administered orally
rather than sublingually with transmucosal absorption (17).

Although the pathogenesis of FM is not well understood,
similarities between the symptoms of patients with FM and
healthy controls who were deprived of stage 4 sleep initially
led to the hypothesis that nonrestorative sleep may contrib-
ute to chronic pain and other FM symptoms (25). Consistent
with this model, higher baseline levels of sleep disturbance
have been shown to be associated with higher pain
levels 1 year later in patients with FM (26). It was also
hypothesized that FM-related sleep abnormalities might be
mediated by an abnormality in central serotonergic neuro-
transmission (25).

Current FM therapies have limited efficacy in alleviating
symptoms of sleep disturbance and fatigue; pregabalin improves
sleep quality but is associated with an AE of fatigue (27,28),
whereas duloxetine (29) and milnacipran (30) have shown
reduced fatigue in some trials but did not improve sleep quality
(31). Although additional studies are needed to confirm the posi-
tive effects of TNX-102 SL treatment on sleep, the descriptive
results of the current trial suggest that treatment with TNX-102
SL may improve sleep quality and fatigue in patients with FM.

Treatment with oral cyclobenzaprine has not previously been
associated with meaningful reductions in FM-associated pain
(12,13). However, in the current trial, patients who received treat-
ment with TNX-102 SL reported both significant improvements in
daily pain and descriptive improvements in sleep quality and
fatigue, demonstrating that the sublingual formulation of cyclo-
benzaprine and dosing regimen studied here can meaningfully

Table 2. Summary of safety*

Adverse event TNX-102 SL (n = 248) Placebo (n = 255) Total (N = 503)

Treatment duration, mean ± SD days 88.9 ± 26.2 88.7 ± 24.9 88.8 ± 25.5
≥1 TEAE 148 (59.7) 118 (46.3) 266 (52.9)
Possibly related to treatment 110 (44.4) 52 (20.4) 162 (32.2)
Severe 11 (4.4) 9 (3.5) 20 (4.0)
Serious† 2 (0.8) 5 (2.0) 7 (1.4)
Oral 101 (40.7) 23 (9.0) 124 (24.7)

Discontinued study drug owing to TEAE 22 (8.9) 10 (3.9) 32 (6.4)
Deaths 0 (0.0) 0 (0.0) 0 (0.0)
TEAEs occurring in ≥3% of patients in the TNX-102 SL group
Oral cavity AE
Oral hypoesthesia 43 (17.3) 1 (0.4) 44 (8.7)
Oral paresthesia 14 (5.6) 1 (0.4) 15 (3.0)
Product taste abnormal 11 (4.4) 1 (0.4) 12 (2.4)
Glossodynia 9 (3.6) 2 (0.8) 11 (2.2)
Dry mouth 8 (3.2) 7 (2.7) 15 (3.0)

Systemic AE
Fatigue 9 (3.6) 4 (1.6) 13 (2.6)
Sedation 9 (3.6) 1 (0.4) 10 (2.0)

* Except where indicated otherwise, values are the no. (%) of patients. AE = adverse event; SL = sublingual; TEAE = treatment-
emergent AE.
† No serious TEAEs were considered by the investigator to be related to study drug.
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improve core FM symptoms. Since treatment with TNX-102 SL at
bedtime achieves peak cyclobenzaprine levels near the middle of
the sleep phase, we hypothesize that improved sleep quality in
patients receiving TNX-102 SL may contribute to reduced day-
time pain, fatigue, and other FM symptoms.

We hypothesize that TNX-102 SL improves sleep quality
primarily by modulating 5-HT2A, α1-adrenergic, and M1-mus-
carinic acetylcholine receptor activity, rather than H1 receptor
activity (17). Thus, short-term use of sedating antihistamines
was allowed for intolerable insomnia and was managed by
the investigators. Use of benzodiazepines and nonbenzodia-
zepine hypnotics for intolerable insomnia was excluded
because these medications interfere with sleep architecture,
which could confound the hypothesized mechanism of
TNX-102 SL.

Limitations of the present trial include the 14-week dura-
tion, limited sample size, and descriptive nature of the second-
ary analyses, per the prespecified analysis plan. A total of 95%
of the study population was female, although this is consistent
with previous reports of the demographic characteristics of
patients with diagnosed FM (5). Male, Hispanic/Latino, and
non-White patients who meet diagnostic criteria for FM may
be underrepresented relative to the real-world population, and
future trials should include expanded efforts to recruit patients
from these groups. FM symptoms could have been affected
by use of allowed analgesics (NSAIDs), sleep aids (antihista-
mines), or antidepressants in some patients. The trial occurred
during the emergence of the COVID-19 pandemic, which may
have impacted the trial, such as by reducing patient access to
regular medical care. The promising post hoc analysis of PGIC
and the nominally significant change in PGIC at week 10 sug-
gest that improvements in PGIC may have reached significance
given a larger sample size, and additional expanded studies of
TNX-102 SL are warranted.

In conclusion, in this phase III, randomized, controlled trial,
treatment with TNX-102 SL was associated with significant
reductions in daily pain and was generally safe and well tolerated
in patients with FM. Secondary results also suggest that treat-
ment with TNX-102 SL can improve sleep and reduce fatigue,
which together with pain are recognized as key FM-associated
symptoms.
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Validity, Reliability, and Differential Item Functioning of
English and French Versions of the 10-Item Connor-Davidson
Resilience Scale in Systemic Sclerosis: A Scleroderma
Patient-Centered Intervention Network Cohort Study

Marieke A. Neyer,1 Richard S. Henry,1 Marie-Eve Carrier,2 Linda Kwakkenbos,3 Robyn K. Wojeck,4 Amy Gietzen,5

Karen Gottesman,6 Geneviève Guillot,7 Amanda Lawrie-Jones,8 Maureen D. Mayes,9 Luc Mouthon,10

Warren R. Nielson,11 Michelle Richard,12 Maureen Worron-Sauvé,13 Daphna Harel,14 Vanessa L. Malcarne,15

Susan J. Bartlett,16 and Brett D. Thombs,17 on behalf of the SPIN Investigators

Objective. Some individuals with systemic sclerosis (SSc) report positive mental health, despite severe disease
manifestations, which may be associated with resilience, but no resilience measure has been validated in SSc. This
study was undertaken to assess the validity, reliability, and differential item functioning (DIF) between English- and
French-language versions of the 10-item Connor-Davidson Resilience Scale (CD-RISC-10) in SSc.

Methods. Eligible participants were enrolled in the Scleroderma Patient-centered Intervention Network Cohort and
completed the CD-RISC-10 between August 2022 and January 2023. We used confirmatory factor analysis (CFA) to
evaluate the CD-RISC-10 factor structure and conducted DIF analysis across languages with Multiple Indicators Mul-
tiple Causes models. We tested convergent validity with another measure of resilience and measures of self-esteem
and depression and anxiety symptoms. We assessed internal consistency and test–retest reliability using Cronbach’s
alpha and intraclass correlation coefficient (ICC).

Results. A total of 962 participants were included in this analysis. CFA supported a single-factor structure (Tucker–
Lewis index = 0.99, comparative fit index = 0.99, root mean square error of approximation = 0.08 [90%confidence interval
(90% CI) 0.07, 0.09]). We found no meaningful DIF. Internal consistency was high (α = 0.93 [95% CI 0.92, 0.94]), and we
found that correlations with other measures of psychological functioning were moderate to large (jrj = 0.57–0.78) and
confirmed study hypotheses. The scale showed good 1–2-week test–retest reliability (ICC 0.80 [95% CI 0.75, 0.85]) in a
subsample of 230 participants.

Conclusion. The CD-RISC-10 is a valid and reliable measure of resilience in SSc, with score comparability across
English and French versions.

INTRODUCTION

Systemic sclerosis (SSc; scleroderma) is a rare, chronic

autoimmune disorder characterized by vascular abnormalities

and fibrosis of the skin and internal organs, including the gastroin-

testinal (GI) tract, lungs, heart, and kidneys (1,2). Disease manifes-

tation is heterogeneous, and the disease course is unpredictable

(1,3). Researchers have estimated the standardized mortality rate
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to be almost 3 times as high as sex- and age-matched peers (4),

and individuals with SSc report substantially lower quality of life

compared to those with other rheumatic diseases (5) and the

general population (6). Symptoms often include impaired function

and mobility, breathing problems, GI symptoms, fatigue, pain,

pruritus, sleep disturbances, body image distress from disfigure-

ment (e.g., skin tightening, pigment changes, hand contractures,

telangiectasias), and reduced mental health (3,7–10).
A recent cross-sectional study (Wojeck et al, unpublished

observations) of >2,000 participants in the Scleroderma Patient-
centered Intervention Network (SPIN) Cohort found that 5 latent
classes characterized patterns of patient-reported outcomes,
including fatigue, sleep, pain, anxiety symptoms, and depression
symptoms (members of the SPIN investigators are shown in Appen-
dix A). Participants were separated into four classes: low, normal,
high, and very high symptom severity, and levels of patient-reported
symptoms in these classes closely correlated with the severity or
presence of specific disease manifestations. The fifth class, how-
ever, identified individuals with high fatigue, sleep, and pain symp-
toms but low mental health problems, even though members of
this class had underlying disease burdens similar to the high class.
The difference between individuals in this class and others with sim-
ilarly severe SSc might be associated with resilience (11,12).

Research has defined resilience as positive adjustment or the
ability to preserve or restore mental health despite adverse cir-
cumstances (13,14). Psychological factors associated with resil-
ience include self-efficacy, self-esteem, optimism, hardiness,
determination, an internal locus of control, and a sense of self-
empowerment andmastery (11,12). Individuals with chronic med-
ical conditions who score higher on resilience measures report
lower anxiety and depression symptoms and better quality of life

(11,12). In addition, researchers have found that intervention
strategies that enhance resilience and adaptive coping improve
psychological adaptation and reduce symptom burden (15).

No resilience measure has been validated in scleroderma,
and there are no studies of resilience in individuals with SSc. A
methodologic review (16) of tools to measure resilience reported
that >15 scales had been developed and that, based on a set of
predefined criteria to assess overall quality and usability, the
25-item Connor-Davidson Resilience Scale (CD-RISC) (17) was
among 3 measures with the strongest ratings for measurement
properties. It was the only measure that researchers had suc-
cessfully used to evaluate change in response to an intervention.
Researchers originally developed the CD-RISC in English and
simultaneously validated it in a general population sample, pri-
mary care outpatients, mixed psychiatry outpatients, anxiety
patients, and individuals with post-traumatic stress disorder (17).
The 10-item short version of the scale, the CD-RISC-10, which
researchers initially validated in English-speaking undergraduate
students (18), reduces burden on study participants and has sim-
ilar measurement properties as the CD-RISC (16,19). Additionally,
compared to the original CD-RISC, the factor structure of the
10-item version may be more stable across studies and different
cultural groups (20). The CD-RISC-10 has been validated in multi-
ple languages (21,22), including French (21), and is therefore well-
suited for use in international cohorts.

The objectives of the present study were to evaluate the
validity and reliability of the 10-item CD-RISC-10 for use in SSc
by 1) testing its unidimensional structure; 2) performing a differen-
tial item functioning (DIF) analysis to identify possible differences in
measurement properties between English- and French-language
respondents and assess the magnitude of any DIF; 3) evaluating
internal consistency and test–retest reliability; and 4) evaluating
convergent validity by comparing scores to another measure of
resilience: the 14-item Resilience Scale (RS14) (23), a measure
of self-esteem: the Rosenberg Self-Esteem Scale (24), and mea-
sures of depression and anxiety symptoms: Patient Reported
Outcomes Measurement Information System (PROMIS) Anxiety
4a version 2.0 and PROMIS Depression 4a version 2.0 scales
(25). For convergent validity, we hypothesized that the CD-RISC-
10 would moderately to highly correlate with all other measures
and that the magnitude of correlation with the RS14, another
measure of resilience, would be the largest.

PATIENTS AND METHODS

We evaluated cross-sectional data collected from the regular
SPIN Cohort assessments to evaluate English- (18) and French-

SIGNIFICANCE & INNOVATIONS
• Some individuals with severe systemic sclerosis

(SSc) burden and high levels of pain, fatigue, and
sleep disturbance report positive mental health,
which may be associated with resilience.

• This is the first study to validate a resilience scale in
SSc and the first to compare measurements for
English and French versions of the 10-item Connor-
Davidson Resilience Scale (CD-RISC-10).

• The CD-RISC-10 had good reliability and validity,
and measurement properties were comparable for
English- and French-language participants.

• The CD-RISC-10 can be used to evaluate resilience in
individuals with SSc, including in international stud-
ies with English- and French-language participants.
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language (21) versions of the CD-RISC-10 for factor structure,
language-based DIF, internal consistency reliability, and conver-
gent validity. We administered the CD-RISC-10 a second time to
a subset of participants 1–2 weeks after their first assessment to
assess test–retest validity. A protocol was published online prior
to study initiation (https://osf.io/dx3b6/). We reported the study
consistent with the COnsensus-based Standards for the selec-
tion of health status Measurement INstruments (COSMIN) report-
ing guideline for studies on properties of patient-reported
outcome measures (26).

Participants and procedure. The SPIN Cohort (27,28) is
a convenience sample of participants recruited from 47 sites in
7 countries (Australia, Canada, France, Mexico, Spain, the UK,
and the US). To be eligible for the SPIN Cohort, participants must
be ≥18 years old, fluent in English, French, or Spanish, have
access to and be able to respond to questionnaires via the inter-
net, and meet the 2013 American College of Rheumatology/
EULAR criteria for SSc (29) verified by a physician at a SPIN site.
Participants are invited to participate in the SPIN Cohort by
attending physicians or nurse coordinators at recruiting sites. Site
personnel obtain written informed consent, including consent to
be contacted by the SPIN team about additional studies, and
submit an electronic medical form to enrol participants. Partici-
pants then receive an email with a unique, secure link to complete
baseline measurements online in English, French, or Spanish.
Subsequent online assessments are conducted by SPIN at
3-month intervals (27,28). The study included SPIN participants
who completed all study measures in English or French during a
regular assessment between August 2022 and January 2023,
when the CD-RISC-10 was included in the SPIN Cohort. We did
not include Spanish-language participants in this study because
there were not enough individuals to conduct all study analyses.

To examine test–retest reliability, we administered the
CD-RISC-10 to a subsample of participants 1–2 weeks following
routine cohort assessment.We invited English- and French-speaking
SPIN Cohort participants who completed the CD-RISC-10 as part
of their regular SPIN Cohort assessment by email 7 days later
(30,31) to complete the scale a second time via the online
surveywebsite Qualtrics. Invited participants had access to the ques-
tionnaire for 7 days, and they completed the retest assessments
between 7 and 14 days after the initial assessment. We sent a
reminder email to nonresponders 4 days after the initial invitation.
As an incentive, we randomly selected 10 questionnaire respondents
to win an Amazon gift card worth $100 CAD or the equivalent
in their local currency. We emailed invitations until we reached our
targeted sample size for test–retest reliability.

The SPIN Cohort study was approved by the Research Ethics
Committee of the Centre intégré universitaire de santé et de ser-
vices sociaux du Centre-Ouest-de-l’Île-de-Montréal (approval
no. MP-05-2013-150) and by the ethics committees of all recruiting
sites. The present study was approved as an amendment.

Measures. At baseline, SPIN Cohort participants report
sociodemographic variables, including race or ethnicity, country,
language, education, and marital status. Physician-reported data
from the baseline data assessment included age, sex, height,
weight, date of initial onset of non–Raynaud’s phenomenon
symptoms, SSc subtype, presence of GI involvement, digital
ulcers anywhere on the fingers, current tendon friction rubs, pres-
ence of joint contractures, history of renal crisis, presence of pul-
monary arterial hypertension, presence of interstitial lung
disease, presence of primary biliary cirrhosis, and presence of
overlap syndromes (rheumatoid arthritis, Sjögren’s syndrome,
systemic lupus erythematosus, idiopathic inflammatory myositis,
autoimmune thyroid disease).

CD-RISC-10. CD-RISC-10 scores reflect multiple aspects of
resilience, including flexibility, self-efficacy, regulation of emotion,
optimism, and the ability to maintain focus under stress. Items
assess the ability to tolerate and cope with experiences such as
change, personal problems, illness, pressure, failure, and painful
feelings (18). Item response options range from 0 (not true at all)
to 4 (true nearly all the time). Participants respond to each state-
ment in reference to the previous month. Evaluators score
the scale by totalling item scores, resulting in possible scores of
0–40, with higher scores reflecting greater resilience. The correla-
tion of the CD-RISC-10 with the 25-item CD-RISC was 0.92 in a
sample of >500 undergraduate students (18). Researchers have
validated a French version of the scale (21).

RS14. The 25-item Resilience Scale (RS25) was initially
developed by researchers in a sample of older women who had
recently experienced but successfully coped with a loss
(e.g., loss of a spouse) (32). The scale received the second-
highest score level in the review of resilience measures (16) and
the highest possible rating for content and construct validity. The
shortened form of the RS25, the RS14 (23), is based on a
1-factor structure and focuses on aspects of resilience such as
self-reliance, purpose, equanimity, perseverance, and authentic-
ity. Items are rated using a 7-point Likert scale, ranging from
1 (strongly disagree) to 7 (strongly agree). Evaluators sum item
scores to a total (possible range 14–98), and higher scores reflect
greater resilience. Researchers have validated the RS14 in
numerous populations. It exhibits similar measurement properties
compared to the original Resilience Scale, including evidence of
high reliability and good validity in clinical and nonclinical settings
(23). The correlation of the RS14 with the original 25-item Resil-
ience Scale was 0.97 in a sample of 776 middle-aged and older
adults (23). A French version of the scale has been validated by
researchers (33).

Rosenberg Self-Esteem Scale. The RSES (24) assesses self-
esteem, which reflects confidence in one’s abilities or worth. It
measures both positive and negative feelings about oneself.
Researchers originally developed the scale in a sample of high
school juniors and seniors (24). Since then, the scale has been
applied in studies across a wide range of samples and has
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demonstrated high reliability and good validity (34). The scale con-
tains 10 items rated on a 4-point Likert scale, with response
options from 0 (strongly disagree) to 3 (strongly agree). Evaluators
calculate scoring the scale by first reverse scoring the negatively
worded items (items 2, 5, 6, 8, and 9) and then totalling item
scores, resulting in a possible range of 0 to 30, with higher scores
reflecting greater self-esteem. Researchers previously validated a
French version of the scale (35).

PROMIS Depression 4a version 2.0 and PROMIS Anxiety 4a
version 2.0. The PROMIS Depression 4a version 2.0 and PROMIS
Anxiety 4a version 2.0 scales (25) measure patient-reported
depression and anxiety symptoms over the previous 7 days. Par-
ticipants rate 4 statements for each domain on a 5-point scale
ranging from 1 (“never”) to 5 (“always”). The sum of item scores
for each domain yields a score ranging from 4 to 20, which is con-
verted by evaluators into a T score adjusted to the US general
population (mean ± SD 50 ±10). Higher scores indicate greater
severity of depression or anxiety symptoms. The SPIN research
team previously validated the English and French versions of
PROMIS Depression 4a version 2.0 and PROMIS Anxiety 4a ver-
sion 2.0 in SSc (36).

Statistical analysis. We calculated descriptive sample
statistics as the mean ± SD for continuous variables and frequen-
cies and percentages for categorical variables for the total sample
and separately for the English- and French-speaking samples.

CFA.We conducted a CFA to evaluate the single-factor struc-
ture of the CD-RISC-10 (18). Item responses for the CD-RISC-10
are ordinal Likert data. We modelled the responses using a
weighted least squares estimator, a diagonal weight matrix, and
robust standard errors. We used the Tucker–Lewis Index (TLI),
comparative fit index (CFI), and root mean square error of approxi-
mation (RMSEA) to assess model fit. Well-fitting models are indi-
cated by a TLI and CFI of ≥0.95 and RMSEA of ≤0.06 (37),
although a CFI of ≥0.90 and an RMSEA of ≤0.08 (38) are often
regarded as indicators of acceptable model fit. We used modifica-
tion indices to identify pairs of items for which model fit would
improve if error estimates were freed to covary and for which there
were theoretically justifiable shared method effects (e.g., similar
wording) if the original model did not achieve adequate model fit.

DIF analysis. We performed a DIF analysis using the Multiple
Indicators Multiple Causes (MIMIC) model to identify possible dif-
ferences in measurement properties between English and French
versions of the CD-RISC-10. DIF analysis compares patterns of
item responses in subgroups and tests whether individuals with
similar levels of a latent construct respond to each item similarly,
regardless of group affiliation. For DIF assessment, MIMIC models
are based on structural equation models, in which the group vari-
able (English versus French) is added to the basic CFA model as
an observed variable. Thus, the base MIMIC model consists of the
CFA factor model with the additional regression of the latent factor
on group to control for group differences at the latent factor level.

We then identified DIF by first separately regressing items, one at
a time, on group. If there was DIF for ≥1 item in this first step, the
item with the largest magnitude of statistically significant DIF was
considered to have DIF, and the link between the language group
variable and that itemwas included in themodel. In a second step,
we again separately regressed remaining items on language group
oneat a timeand included the itemwith the largestDIF in themodel.
This procedure was repeated until none of the remaining items
showedsignificantDIF.Onceall itemswith significantDIF hadbeen
identified, the potential magnitude of DIF items collectively was
evaluated by comparing the difference of the latent factor between
languagegroups in thebaselineCFAmodel andafter controlling for
DIF. Becausewedid not encounter DIF of ameaningfulmagnitude,
item analyses and reliability and convergent validity were donewith
the whole sample and not separated by language.

Item analyses.We reported themean ± SD, item intercorrela-
tions, and item–rest correlations for each item of the CD-RISC-10.
The item–rest correlation is the correlation of an item score with
the total score after removing the item from the total score. In addi-
tion, we examined floor and ceiling effects, defined as ≥15% of the
participants having the lowest or highest possible score (39).

Reliability and convergent validity.We computed Cronbach’s
alpha to determine internal consistency (40) and the intraclass
correlation coefficients (ICC) to measure test–retest reliability
(41). We chose the ICC as the measure of test–retest reliability
because it reflects both the degree of correlation and agreement
between measurements (42). We calculated ICC estimates and
95% confidence intervals (95% Cis) based on absolute agree-
ment and a 2-way mixed-effects model.

To examine the convergent validity of the CD-RISC-10, we for-
mulated hypotheses regarding the direction and magnitude of Pear-
son’s correlations with other outcome measures a priori based on
existing evidence from convergent validity comparisons for the CD-
RISC-10 (20). Themagnitude of correlationswas interpreted as small
(jrj ≤ 0.3), moderate (0.3 < jrj < 0.5), or large (jrj ≥ 0.5) (43). We
hypothesized that all correlations betweenmeasureswould bemod-
erate to large and that the CD-RISC-10 would be more strongly
related toanother resiliencemeasure, theRS14, thanwith othermea-
sures. We conducted CFA and DIF using Mplus version 7 (44). All
other statistical analyseswereperformedusingSPSSversion29 (45).

Sample size calculation. Confirmatory factor analysis.
Recommendations for CFA sample size vary. In the present
study, we performed a single-factor CFA with 10 indicators
using a sample that we expected would include �1,000
participants. This number substantially exceeds the minimum
number recommended by all established recommendations
and standards (46–48) for a sample size necessary to achieve
excellent agreement between true model characteristics and
estimates.

Convergent validity. Stable estimates of correlations are typ-
ically achieved with a sample size of ≥250, although smaller
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correlations require larger samples. To assess a Pearson’s corre-
lation with a 95% CI with a width of 0.10, a sample size of ≥403 is
required for a correlation of 0.30, and a size of ≥275 is required for
a correlation of 0.50 (40).

Test–retest reliability. Although an ICC value of 0.70 is consid-
ered acceptable for test–retest reliability, a coefficient close to or
exceeding 0.80 is preferable (49). A test–retest sample size of
200 individuals would be required for a precision level of 95% CI
with a width of 0.10 for an estimated ICC of 0.80 (31). Therefore,
we aimed for a retest sample size of 200 participants.

RESULTS

Sample characteristics. In total, 962 participants com-
pleted all items of the CD-RISC-10, RS14, RSES, and PROMIS
Depression 4a version 2.0 and PROMIS Anxiety 4a version 2.0.

Sociodemographic and disease characteristics were similar
across English- and French-language samples, as shown in
Table 1. The total sample consisted of 848 female participants
(88%) with a mean ± SD age of 61.1 ± 11.6 years. Mean ± SD
time since onset of first non–Raynaud’s phenomenon symptoms
was 15.7 ± 9.6 years, and 345 individuals had diffuse SSc
(36%). Participants were from France (37%), Canada (26%), the
US (25%), the UK (9%), and Australia (2%). Just over half
(549 [57%]) completed assessments in English.

CD-RISC measurement properties. Confirmatory factor

analysis. The results of the CFA are shown in Table 2. In the initial
CFA, the model fit for the hypothesized single-factor model was
somewhat suboptimal (TLI 0.97, CFI 0.98, RMSEA 0.11). Our
examination of modification indices showed that freeing the error
terms of items 1 and 2 to covary would improve model fit. Items

Table 1. Sample sociodemographic and disease characteristics for the full sample and by assessment language*

Full sample English French
(n = 962) (n = 549) (n = 413)

Characteristics No.
Mean ± SD
or no. (%) No.

Mean ± SD
or no. (%) No.

Mean ± SD
or no. (%)

Sociodemographic variables
Age, years 962 61.1 ± 11.6 549 62.4 ± 10.7 413 59.4 ± 12.5
Female sex 962 848 (88) 549 488 (89) 413 360 (87)
White race or ethnicity 955 816 (85) 546 471 (86) 409 345 (84)
Nationality 962 549 413
Canada 254 (26) 197 (36) 57 57 (14)
US 245 (25) 245 (45) – –

UK 85 (9) 85 (16) – –

France 358 (37) 2 (<1) 356 356 (86)
Australia 20 (2) 20 (4) – –

Language, English language speaking 962 549 (57)
Education, years 960 15.1 ± 3.6 549 15.6 ± 3.0 411 14.4 ± 4.1
Marital status single 960 106 (11) 549 54 (10) 411 52 (13)
BMI, kg/m2 962 25.1 ± 5.2 549 25.6 ± 5.4 413 24.4 ± 5.0

Disease characteristics
Time since first non–Raynaud’s symptom 892 15.7 ± 9.6 505 17.6 ± 9.9 387 13.3 ± 8.8
Diffuse subtype 955 345 (36) 543 221 (41) 412 124 (30)
Gastrointestinal involvement 962 828 (86) 549 480 (88) 413 348 (84)
Digital ulcers 914 124 (14) 513 72 (14) 401 52 (13)
Current tendon friction rubs 846 86 (10) 468 46 (10) 378 40 (11)
Large joint contractures (moderate or severe) 891 98 (11) 499 41 (8) 392 57 (15)
Small joint contractures (moderate or severe) 906 224 (25) 504 107 (21) 402 117 (29)
History of SSc renal crisis 945 40 (4) 539 25 (5) 406 15 (4)
Interstitial lung disease 941 296 (32) 534 159 (30) 407 137 (34)
Pulmonary arterial hypertension 931 70 (8) 525 41 (8) 406 29 (7)
Primary biliary cirrhosis 926 18 (2) 527 10 (2) 399 8 (2)
Any overlap syndrome† 962 195 (20) 549 113 (21) 413 82 (20)

Psychological assessments
CD-RISC-10 962 27.8 ± 7.3 549 28.6 ± 7.2 413 26.8 ± 7.18
RS14 962 78.6 ± 15.1 549 80.2 ± 14.3 413 76.6 ± 15.9
Rosenberg Scale 962 20.8 ± 5.5 549 21.6 ± 5.7 413 19.9 ± 5.2
PROMIS Depression 962 51.5 ± 9.2 549 50.6 ± 9.0 413 52.8 ± 9.4
PROMIS Anxiety 962 53.6 ± 9.8 549 52.8 ± 9.6 413 54.6 ± 10.0

* BMI = body mass index; CD-RISC-10 = 10-item Connor-Davidson Resilience Scale; PROMIS = Patient Reported Outcomes Measure-
ment Information System; RS14 = 14-item Resilience-Scale; SSc = systemic sclerosis.
† Participant had ≥1 of the following disease: rheumatoid arthritis, Sjögren’s syndrome, systemic lupus erythematosus, or idiopathic
inflammatory myositis.
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1 and 2 evaluate how well individuals can adapt to changes or
deal with things coming their way, which are closely related expe-
riences. Therefore, we refitted the model to allow the error terms
of these items to covary, resulting in good fit (TLI 0.99, CFI 0.99,
RMSEA 0.08).

DIF analysis. The 1-factor model, which included regression of
the latent resilience factor on language, demonstrated good fit (TLI
0.99, CFI 0.99, RMSEA 0.07). Baseline CFA model parameters
before correcting for DIF are shown in Table 3.We identified 6 items
with statistically significant language-based DIF. Compared to
English-language participants, French-language participants
had higher scores than would be expected on item 3 (β = 0.14

[95% CI 0.04, 0.23]) and item 9 (β = 0.13 [95% CI 0.04, 0.21])
and lower scores on item 1 (β = –0.17 [95% CI –0.27, –0.08]),
item 4 (β = –0.12 [95% CI –0.23, –0.03]), item 5 (β = –0.22 [95%
CI –0.32, –0.14]), and item 6 (β = –0.17 [95% CI –0.26, –0.08]).
The difference between the 2 language groups (English and
French) on the mean latent factor level was not meaningfully differ-
ent between the model with DIF adjustment (standardized mean
differences [SMD] 0.31 [95% CI 0.17, 0.43]) and without adjust-
ment (SMD 0.26 [95% CI 0.13, 0.37]) (see Table 3).

Item analysis. The mean item and total CD-RISC-10 scores
in the full sample are shown in Table 4. Mean item scores
ranged from 2.5 for item 4 (“Having to cope with stress can

Table 2. Factor loadings on the CD-RISC-10*

Item† CFA factor loading‡ 95% CIs

1. I am able to adapt when changes occur 0.76 0.73, 0.80
2. I can deal with whatever comes my way 0.87 0.85, 0.89
3. I try to see the humorous side of things when I am faced with problems 0.74 0.71, 0.77
4. Having to cope with stress can make me stronger 0.76 0.74, 0.80
5. I tend to bounce back after illness, injury, or other hardships 0.84 0.82, 0.86
6. I believe I can achieve my goals, even if there are obstacles 0.85 0.83, 0.87
7. Under pressure, I stay focused and think clearly 0.83 0.80, 0.85
8. I am not easily discouraged by failure 0.70 0.67, 0.73
9. I think of myself as a strong person when dealing with life’s challenges and difficulties 0.87 0.85, 0.89
10. I am able to handle unpleasant or painful feelings like sadness, fear, and anger 0.83 0.81, 0.86

* 95% CI = 95% confidence interval; CD-RISC-10 = 10-item Connor-Davidson Resilience Scale; CFA = confirmatory factor
analysis.
† On a 5-point scale, where 0 = not true at all and 4 = true nearly all the time.
‡ Error terms of items 1 and 2 were freed to covary.

Table 3. Factor loading for the CD-RISC-10 in combined English and French samples and DIF evaluation*

Base model† DIF-corrected model‡

Item
CFA factor
loading 95% CIs

CFA factor
loading 95% CIs

Items
1. I am able to adapt when changes occur 0.77 0.74, 0.79 0.77 0.74, 0.79
2. I can deal with whatever comes my way 0.87 0.85, 0.88 0.87 0.85, 0.88
3. I try to see the humorous side of things when I am faced with problems 0.74 0.70, 0.76 0.74 0.70, 0.76
4. Having to cope with stress can make me stronger 0.76 0.74, 0.79 0.76 0.74, 0.79
5. I tend to bounce back after illness, injury, or other hardships 0.84 0.82, 0.86 0.84 0.82, 0.86
6. I believe I can achieve my goals, even if there are obstacles 0.85 0.83, 0.87 0.85 0.83, 0.87
7. Under pressure, I stay focused and think clearly 0.82 0.80, 0.84 0.82 0.80, 0.84
8. I am not easily discouraged by failure 0.70 0.66, 0.72 0.70 0.66, 0.72
9. I think of myself as a strong person when dealing with life’s challenges and difficulties 0.87 0.85, 0.89 0.87 0.85, 0.89
10. I am able to handle unpleasant or painful feelings like sadness,
fear, and anger

0.83 0.81, 0.85 0.83 0.81, 0.85

Direct effects on items attributable to the French language
1. I am able to adapt when changes occur – – −0.17 −0.27, −0.08
3. I try to see the humorous side of things when I am faced with problems – – 0.14 0.04, 0.23
4. Having to cope with stress can make me stronger – – −0.12 −0.23, −0.03
5. I tend to bounce back after illness, injury, or other hardships – – −0.22 –0.32, −0.14
6. I believe I can achieve my goals, even if there are obstacles – – −0.17 −0.26, −0.08
9. I think of myself as a strong person when dealing with life’s challenges and difficulties – – 0.13 0.04, 0.21

Standardized mean difference (English and French) on latent resilience factor 0.26 0.13, 0.37 0.31 0.17, 0.43

* 95% CI = 95% confidence interval; CD-RISC-10 = 10-item Connor-Davidson Resilience Scale; CFA = confirmatory factor analysis.
† Unstandardizedmodel with fixed variance and regression of the latent resilience factor on language, not corrected for differential item func-
tioning (DIF).
‡ Unstandardized model with fixed variance and regression of the latent resilience factor on language, corrected for DIF on items 1, 3, 4, 5, 6, and 9.
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make me stronger”) to 3.1 for item 1 (“I am able to adapt when

changes occur”). Correlations between items ranged from

r = 0.44 (P < 0.001 for items 3 and 8) to r = 0.73 (P < 0.001 for

items 1 and 2). Item–rest correlations ranged from r = 0.62 (item

8) to r = 0.80 (item 2). There were 2 participants (0.2%) with the

lowest possible score (score of 0) on the scale and 48 participants

(5.0%) with the highest possible score (score of 40). Item

response frequencies are shown in Supplementary Table 1 (avail-

able on the Arthritis Care & Research website at http://

onlinelibrary.wiley.com/doi/10.1002/acr.25139/abstract).
Reliability. Cronbach’s alpha was 0.93 (95% CI 0.92, 0.94).

We assessed test–retest reliability in a subsample of 230 partici-
pants, whose characteristics were similar compared to the full sam-
ple (for subsample sociodemographic and medical data, see
Supplementary Table 2, available at http://onlinelibrary.wiley.com/
doi/10.1002/acr.25139/abstract), resulting in an ICC of 0.80 (95%
CI 0.75, 0.85), indicating good 1–2-week test–retest reliability.

Convergent validity. As shown in Table 5, there were
moderate-to-large correlations between the CD-RISC-10 and
measures of resilience (RS14), self-esteem (RSES), depression
(PROMIS depression 4a version 2.0), and anxiety (PROMIS anxi-
ety 4a version 2.0). All correlations were consistent with conver-
gent validity hypotheses.

DISCUSSION

We tested the unidimensional structure of the CD-RISC-10,
examined whether there were meaningful differences in measure-
ment properties between English- and French-language versions
of the scale, and evaluated internal consistency, test–retest reli-
ability, and convergent validity. We found that the hypothesized
single-factor structure of the scale fit well, supporting the use of
a single total score for the CD-RISC-10 scale. There was statisti-
cally significant DIF for 6 items between English- and French-
language participants. However, the cumulative effect of DIF was
minimal and did not meaningfully influence estimates of differ-
ences in resilience between English- and French-language
respondents in unadjusted models (SMD 0.26 [95% CI 0.17,
0.43]) versus DIF-adjusted models (SMD 0.31 [95% CI 0.17,
0.43]), allowing us to conclude that CD-RISC-10 scores of
English- and French-language participants can be compared
and aggregated without concerns of language-based bias.

Internal consistency reliability (α = 0.93 [95% CI 0.92, 0.94])
and test–retest reliability (ICC 0.80 [95% CI 0.75, 0.85]) were
good, and there were no floor or ceiling effects. In addition, indi-
ces of convergent validity were consistent with study hypotheses;
CD-RISC-10 correlated moderately to highly with all measure-
ments (RSES r = 0.69; PROMIS depression r = –0.60; PROMIS

Table 4. Characteristics of the CD-RISC-10*

Item
Mean ±

SD score†
Item–rest
correlation

Individual scores
1. I am able to adapt when changes occur 3.1 ± 0.84 0.70
2. I can deal with whatever comes my way 2.9 ± 0.86 0.80
3. I try to see the humorous side of things when I am faced with problems 2.7 ± 0.97 0.67
4. Having to cope with stress can make me stronger 2.5 ± 1.00 0.69
5. I tend to bounce back after illness, injury, or other hardships 3.0 ± 0.88 0.75
6. I believe I can achieve my goals, even if there are obstacles 2.8 ± 0.88 0.76
7. Under pressure, I stay focused and think clearly 2.6 ± 0.97 0.75
8. I am not easily discouraged by failure 2.6 ± 0.98 0.62
9. I think of myself as a strong person when dealing with life’s challenges and difficulties 3.0 ± 0.92 0.78
10. I am able to handle unpleasant or painful feelings like sadness, fear, and anger 2.7 ± 0.97 0.75

Total score 27.8 ± 7.3 –

* CD-RISC-10 = 10-item Connor-Davidson Resilience Scale.
† On a 5-point scale, where 0 = not true at all and 4 = true nearly all the time.

Table 5. Correlation of measures using the CD-RISC-10 to assess convergent validity*

Convergent validity†
Pearson

correlation 95% CIs

Large positive correlation
Resilience (RS14) 0.78 0.76, 0.81

Moderate-to-large positive correlation
Self-esteem (Rosenberg Self-esteem Scale) 0.69 0.65, 0.72

Moderate-to-large negative correlation
Depression (PROMIS Depression) −0.60 −0.64, −0.56
Anxiety (PROMIS Anxiety) −0.57 −0.61, −0.52

All hypotheses were confirmed. 95% CI = 95% confidence interval; CD-RISC-10 = 10-item Connor-Davidson
Resilience Scale; PROMIS = Patient Reported Outcomes Measurement Information System; RS14 = 14-item
Resilience-Scale.
† Magnitude of correlations was defined as small (|r| ≤ 0.3), moderate (0.3 < |r| < 0.5), or large (= |r| ≥ 0.5).
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anxiety r = –0.57) and the magnitude of correlation with the RS14,
another measure of resilience, was the largest (r = 0.78).

Researchers initially validated the CD-RISC-10 in a sample of
1,743 undergraduate students from the US (18). The present
study is the first to validate the scale among individuals with SSc
and, to our knowledge, the first comparison of measurement
properties between English- and French-language versions. The
overall outcomes of our study were consistent with results from
previous studies that examined measurement properties of the
CD-RISC scale in other samples, including among individuals with
chronic diseases (18,21,22). We believe that this is the first study
to examine language-based DIF in the CD-RISC-10.

Our findings have important implications for research. We
found that the CD-RISC-10 provides a valid and reliable method
for evaluating resilience in individuals with SSc. A previous study
(Wojack et al, unpublished observations) used latent profile analy-
sis and found that some individuals with SSc report positive men-
tal health, despite experiencing severe disease manifestations
and high levels of pain, fatigue, and sleep disturbance, which
could be associated with resilience (11,12). Resilience, using the
CD-RISC-10, should be compared between classes of individ-
uals with SSc who differ in mental health despite having similar
disease burdens to further elucidate the possible role of resilience
in the mental health of individuals with SSc. We plan to conduct
these analyses in a second study, using a sample from the SPIN
Cohort. In addition, researchers could conduct similar analyses
in other chronic illness populations.

The results of our DIF analysis demonstrate the comparability
and combinability of CD-RISC-10 scores across English and
French languages in SSc, presenting opportunities for broader
utilization in international patient cohorts, including the SPIN
Cohort (27,28). Among individuals with chronic medical condi-
tions, intervention strategies that improve resilience and adaptive
coping have been found to be effective in improving psychological
adaptation and reducing symptom burden (15). The CD-RISC-10
presents a valid outcome measure for testing similar interventions
in SSc.

Our study has several notable strengths, including its interna-
tional cohort with participants from 47 clinical sites, its large sam-
ple size, its assessment of test–retest reliability, and the
comparison of measurement properties in English- and French-
language participants with SSc. There are also limitations to con-
sider. First, the SPIN Cohort is a convenience sample of individ-
uals with SSc receiving treatment at SPIN recruiting centers who
can complete online measures, since SPIN collects data digitally
only. However, a comparison with the European Scleroderma Tri-
als and Research Cohort and the Canadian Scleroderma
Research Group Cohort indicated broad comparability of partici-
pant characteristics, which supports generalizability in SSc (27).
Second, the examination of DIF was limited to English- and
French-language versions of the CD-RISC-10 and adults with
SSc, and the generalizability of the results to other populations is

not known. Third, the MIMIC approach for DIF evaluates uniform,
but not nonuniform, DIF.

Overall, the results of this study indicate that the CD-RISC is
a valid and reliable measure of resilience in English and French
languages in SSc, supporting its use as an outcome measure to
assess resilience in this population. In addition, we found DIF to
be negligible, suggesting that CD-RISC-10 scores are compara-
ble across English- and French-language versions.
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Clinical Features Associated With Rate of Fractures in
Patients With Systemic Sclerosis: A US Cohort Study

Bliss Rogers,1 Sina Famenini,1 Jamie Perin,1 Maria I. Danila,2 Kristin Wipfler,3 Kaleb Michaud,4

and Zsuzsanna H. McMahan1

Objective. Systemic sclerosis (SSc) is associated with several specific risk factors for fracture due to the complica-
tions of the disease and related medications. The present study was undertaken to examine the relationship between
SSc-associated clinical features and fracture rate in a large US cohort.

Methods. Participants with SSc in FORWARD, The National Databank for Rheumatic Diseases, were included
(1998–2019). Age- and sex-matched individuals with osteoarthritis (OA) from the same database were included as
comparators. The primary end point was self-reported major osteoporotic fracture. Cox proportional hazards models
were used to study the associations between risk factors and fractures.

Results. The study included 922 individuals (SSc patients, n = 154; OA patients, n = 768). Eighty-seven percent
were female, with a mean age of 57.8 years. Fifty-one patients developed at least 1 fracture during a median of
4.2 years (0.5–22.0 years) of follow-up. Patients with SSc had more frequent fractures compared to OA comparators
(hazard ratio [HR] 2.38 [95% confidence interval (95% CI) 1.47–3.83]). Among patients with SSc, a higher Rheumatic
Disease Comorbidity Index score (HR 1.45 [95% CI 1.20–1.75]) and a higher Health Assessment Questionnaire disabil-
ity index score (HR 3.83 [95% CI 2.12–6.93]) were associated with more fractures. Diabetes mellitus (HR 5.89 [95% CI
2.51–13.82]) and renal disease (HR 2.43 [95% CI 1.10–5.37]) were independently associated with fracture among SSc
patients relative to SSc patients without these comorbidities.

Conclusion. Our findings highlight factors associated with fracture among patients with SSc. Disability as mea-
sured by the HAQ DI is a particularly strong indicator of fracture rate in SSc. Improving SSc patients’ functional status,
where possible, may lead to better long-term outcomes.

INTRODUCTION

Systemic sclerosis (SSc) is an autoimmune, connective tis-

sue disease characterized by cutaneous fibrosis, progressive

microvascular disease, and internal organ dysfunction. Prevention

and management of SSc complications are important in minimiz-

ing progression to functional loss and disability, both of which

negatively impact quality of life and survival (1,2). Notably, many

SSc complications (e.g., chronic systemic inflammation, gastroin-

testinal [GI] malabsorption or malnutrition, low vitamin D levels and

renal disease, and restricted physical activity due to contractures

and/or weakness) are potential risk factors for osteoporosis and

fracture (3,4). In addition, several of the medications used to treat

manifestations of SSc, such as proton-pump inhibitors (PPIs),

glucocorticoids, selective serotonin reuptake inhibitors (SSRIs),

opioids, and nonsteroidal antiinflammatory drugs may also con-

tribute to risk and/or rate of fracture (5–9). As a result, patients

with SSc may have more fractures secondary to both disease-

specific complications and exposure to medications used to

manage multisystem dysfunction (10).
While a study of patients from France found that SSc is asso-

ciated with an increased risk of osteoporosis and fracture com-

pared to the general population (4), the risk of fracture in patients

with SSc in the US and the relative impact that specific SSc-
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related comorbidities and other clinical features may have in these

patients remain unclear. Furthermore, the identification of modifi-

able risk factors for fracture could improve patient quality of life

while secondarily addressing the economic burden associated

with osteoporotic fractures (11). Therefore, the aim of this study

was to examine the relationship between clinical risk factors

(e.g., medication use and clinical characteristics of SSc) and frac-

tures in SSc patients in a large US cohort (Figure 1) and to deter-

mine how these factors compare to a group of patients with OA

from the same cohort of similar age and sex but without SSc.

PATIENTS AND METHODS

Patients. Patients were part of an observational study as
participants in FORWARD, The National Databank for Rheumatic
Diseases (1998–2019). FORWARD is a longitudinal observational
patient-driven database founded as a nonprofit research organi-
zation in 1998. A primary questionnaire is distributed to patients
twice yearly. Over 50,000 patients with >100 rheumatic diseases
followed by >1,500 rheumatologists have completed at least
one 6-month questionnaire (12–14). We hypothesized that
patients with SSc would have a higher rate of fracture than OA

comparators given their unique clinical characteristics. Patients
with SSc and age- and gender-matched patients with physician-
diagnosed osteoarthritis (OA) from the same registry were
included as comparators. Age matching was done in decades.
Though SSc and OA were matched 1:5 when possible (from a
pool of�1:25), the 20s age group did not have sufficient numbers
for 1:5 matching, and additional participants with OA in their 30s
were matched to compensate. As a result, there were no
unmatched patients with SSc. Matching was done without
replacement. All participants lived in the US and completed ≥2
semiannual questionnaires. There were 162 (18%) participants
(of 922) with only 2 follow-up visits, and 305 (33%) with >10 visits.
The vast majority of participants (863 of 922) responded to the
survey at least yearly during the period when they were active.
The average time between responses across all patients was
0.56 years, with a median of 0.51 years. Patients with OA were
chosen as the control group since they were recruited through
the same methods and do not generally share the risk factors for
fractures that are enriched among patients with SSc
(e.g., severe GI disease, renal disease, glucocorticoid therapy,
chronic systemic inflammation, chronic high-dose PPI therapy).
Patients diagnosed with both SSc and OA, or patients with either
condition and concomitant rheumatic diseases (e.g., rheumatoid
arthritis), were excluded. This study was approved by Ascension
Via Christi Hospitals Wichita Institutional Review Board.

Covariates. Our analysis considered a variety of covariates,
detailed below, in the multivariable models. Demographic data
including age, disease duration, sex, postmenopausal status,
race, education, body mass index (BMI), and smoking status
were obtained from enrollment and semiannual questionnaires.
With the exception of sex and race, these factors were reported
by patients at each questionnaire and so in general were varying
over time for each patient, including BMI and PPI use.

Age (years) was examined as a categorical variable
(20–50 years [referent], 51–64 years, ≥65 years). The age at first

Figure 1. Causal diagram illustrating the relationships between scleroderma and its clinical features, bone fragility, and fracture. GI = gastrointes-
tinal; PPI = proton-pump inhibitor.

SIGNIFICANCE & INNOVATIONS
• Patients living with systemic sclerosis in the US are

at a high risk of fractures given their unique risk
factors.

• Functional disability is a strong and potentiallymod-
ifiable factor associated with rate of fracture in
patients with systemic sclerosis.

• A high comorbidity burden is present among
patients with fracture(s) and systemic sclerosis.

• Diabetes mellitus and renal disease are specific
comorbidities that increase fracture rate in patients
with systemic sclerosis.
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symptoms (years) was used to calculate disease duration (years)
from the date of first symptom to the date of the questionnaire.
Sex was defined as a dichotomous variable (male/female). Race
and ethnicity (i.e., White versus Black versus Asian or Pacific
Islander; non-Hispanic versus Hispanic) were defined as dichoto-
mous variables (non-Hispanic White versus other). Postmeno-
pausal status was self-reported by the patient at the time of
questionnaire completion. BMI was calculated and reported as
both a numerical and categorical variable as described by the
World Health Organization (kg/m2; underweight <18.5 kg/m2;
normal weight between 18.5 and 25 kg/m2; overweight between
25 and 30 kg/m2; and obese >30 kg/m2). Smoking history was
studied as a dichotomous variable (past or current smoker versus
never smoker). Other demographic data included education
(years) and health insurance (yes/no).

Patients were asked about medical histories. If specific items
in the medical history were unanswered by patients, they were
assumed missing. Clinical data including Rheumatic Disease
Comorbidity Index (RDCI; range 0–9) (15), Health Assessment
Questionnaire disability index (HAQ DI; range 0–3) (16), diabetes
mellitus, renal disease, osteoporosis, fracture risk assessment
score estimating the probability of major osteoporotic fracture
(MOF) or hip fracture within the next 10 years (17), GI disorder,
GI scale (range 0–100), and history of GI symptoms (Table 1) were
obtained using self-reported questionnaires. Diabetes mellitus
was defined as ever having received a diagnosis of type 1 diabetes
mellitus or type 2 diabetes mellitus (yes/no). Renal disease was
defined as any history of or treatment for renal or kidney failure,
reduced kidney function or elevated creatinine, and/or clinician
diagnosed hematuria or proteinuria (yes/no). Osteoporosis was
defined as having ever received a diagnosis of osteoporosis from
a provider (yes/no). Gastrointestinal disorder was defined as “any
history of GI disorder” (yes/no) and included liver disease, gall-
bladder disease, ulcers, and other stomach problems. Specific
GI symptoms included irritable bowel syndrome, indigestion,
vomiting, constipation, loss of appetite, or peptic ulcer disease.
The GI scale (range 0–100), as defined in a previous study, utilized
a visual analog scale to assess patient-reported GI symptom
severity. A score of 0 indicated that a patient perceived no stom-
ach problems, while a score of 100 indicated severe stomach
problems in the past week. SSc was defined as having ever
received a diagnosis of SSc (yes/no).

Medication exposure. Medication exposure was recorded at
study enrollment and at 6-month intervals using questionnaires.
Exposure to PPIs was examined in time-varying doses (omepra-
zole equivalents and using the following duration-combined cate-
gories: not-using [reference], low-dose PPI [≤20-mg omeprazole
equivalents per day], and high-dose PPI [>20 mg omeprazole-
equivalents per day]). Cumulative exposure to PPIs was also
assessed and was defined as the number of previous surveys in
which the participants indicated any use of PPI. It was measured
using total omeprazole equivalents in grams of PPI taken during

follow-up and was categorized as either low dose (≤20 mg) or
high dose (>20 mg).

All medications were time varying, as participants were que-
ried about their medication use at each follow-up. Glucocorticoid
exposure was examined in terms of prednisone equivalents using
the following categories: no use (reference); low dose (≤7.5
mg/day); and medium-high dose (>7.5 mg/day). Other medica-
tion exposures, including patient use of any osteoporosis
medication(s), SSRIs, estrogen, opioid analgesia (weak or strong),
nonopioid analgesia, and/or anticonvulsant(s), were defined as
dichotomous variables (yes/no).

Measures of disease severity and quality of life.
Fracture risk assessment. Fracture risk assessment was deter-
mined by a modified fracture risk assessment score as previously
described in the Fracture Risk Assessment (FRAX) tool (version
4.1) (http://www.shef.ac.uk/FRAX) (17). The FRAX tool utilizes
clinical risk factors for fracture to estimate the 10-year probability
of major osteoporotic fracture or hip fracture incidence. Our FRAX
score calculation was modified for the lack of data on available
bone mineral density and unknown familial history of hip fracture
as detailed in the referenced prior study (18).

HAQ DI. We utilized a validated self-administered ques-
tionnaire (16), which had patients quantify difficulty in perform-
ing activities of daily living over the previous week. Physical
disability was assessed across 8 components: dressing and
grooming; arising; eating; walking; hygiene; reach; grip; and
activity. Questionnaires included 2–3 questions per compo-
nent for a total of 20 questions specifically addressing activities
of daily living. Patient response to each question was scored
from 0 to 3 (score 0 = without any difficulty; score 1 = with
some difficulty; score 2 = with much difficulty; score 3 = unable
to do). The question with the highest score determined the
component score (range 0–3). The disability index was calcu-
lated by dividing the total of the component scores by the num-
ber of components assessed. HAQ DI scores range from 0 to
3, with a higher score representing more severe disability
(score 0 = no impairment in function/disability; 3 = maximal
impairment in function/disability).

RDCI.We used patient-reported data to evaluate the burden
of comorbidity across 11 comorbid conditions outlined in previ-
ous studies (19,20). Conditions included ulcer or stomach prob-
lem, hypertension, myocardial infarction, other cardiovascular
disease (e.g., heart failure), lung disease, diabetes mellitus,
depression, cancer, stroke, and fracture (i.e., spine, hip, or leg).
The index was calculated based on the presence and severity of
coexisting comorbid conditions, with impact assessed using
6 outcomes that were weighted as described in previous studies
(15,19). The RDCI ranges from 0 to 9 and assesses quality of life
and the anticipated effects of comorbidities on functional disability
and mortality. A higher RDCI is predictive of increased physical
disability and mortality (15).
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Outcomes. The primary outcome was major osteoporotic
fracture (i.e., fracture of the hip, which can include pelvis and/or
femur, the humerus, clinical spine, and wrist) (21) among patients
with SSc and OA. Fractures of the skull, hands, feet, fingers, and
toes (21) were excluded. First fracture during the follow-up period
and all subsequent fractures were included in the analysis such
that some participants experienced multiple fractures during

follow-up, all of which were incorporated in the analysis. Follow-
up time commenced at cohort entry and continued until censor-
ing at death, loss to follow-up, or until August 2019.

Statistical analysis. Baseline characteristics were com-
pared between patients with SSc and OA comparators. We also
used responses from the baseline survey to estimate associations

Table 1. Baseline demographic and clinical characteristics of patients with systemic sclerosis (SSc) and age- and
sex-matched osteoarthritis (OA) (n = 922)*

Clinical feature

Patients with SSc Patients with OA

P†

(n = 154) (n = 768)

No. Value No. Value

Female 154 87 768 87 0.991
Age, mean ± SD years 154 57.4 ± 12.6 768 57.9 ± 11.8 0.663
Age distribution 154 768 0.586
20–50 25.3 23.8
51–64 46.1 45.3
≥65 28.6 30.9

Age at diagnosis, mean ± SD years 144 44.8 ± 15.3 679 45.8 ± 13.3 0.358
Non-Hispanic White 145 81.8 730 84 0.507
Postmenopause status 134 82.8 668 79.8 0.412
Ever smoker 154 47.4 767 42.9 0.303
Disease duration, mean ± SD years 144 12.4 ± 10.7 679 11.7 ± 10.2 0.518
BMI, mean ± SD kg/m2 143 27.8 ± 6.2 693 30.8 ± 7.6 <0.001
BMI categories 143 693 <0.001
Underweight, <18.5 3.25 0.91
Normal weight, 18.5–25 33.8 21.1
Overweight, 25–30 29.9 28.5
Obese, >30 33.1 49.6

Health insurance 142 96.5 678 96.2 0.796
Education, mean ± SD years 154 14 ± 2.6 768 14.2 ± 2.4 0.618
RDCI score, mean ± SD (range 0–9) 153 2.4 ± 1.8 766 1.8 ± 1.5 <0.001
HAQ DI score, mean ± SD (range 0–3) 146 0.9 ± 0.6 709 0.8 ± 0.3 0.140
Diabetes mellitus 153 5.2 766 12.9 0.007
Renal disease 153 16.2 766 8.0 0.004
Osteoporosis 154 0.6 768 0.4 0.656
FRAX MOF score, mean ± SD (range 0–100) 151 8.3 ± 6.8 752 7.0 ± 5.2 0.046
FRAX hip score, mean ± SD (range 0–100) 151 2.3 ± 4.4 752 1.5 ± 2.6 0.027
PPI use 144 66 386 27.7 <0.001
Glucocorticoid use, %‡ 59 291 <0.001
None 77.0 93.4
Low, ≤7.5 mg/day 18.2 3.9
Medium and high, >7.5 mg/day 4.7 2.7

SSRI use, % 148 16.9 636 11.5 0.365
Osteoporosis medication use, % 154 18.2 768 27.2 0.020
GI disorder, % 153 54.6 766 41.4 0.007
GI scale, mean ± SD (range 0–100) 90 34.1 ± 31.1 496 19.1 ± 24.1 <0.001
History of diarrhea 146 28.8 722 15.8 <0.001
History of IBS 139 16.5 388 17.0 1.000
History of indigestion 146 43.8 722 30.3 0.002
History of vomiting 146 14.4 720 4.2 <0.001
History of constipation 146 30.8 722 24.0 0.094
History of loss of appetite 147 19.7 720 10.3 0.003
History of PUD 146 33.6 723 21.0 0.003

* Values are the percentage unless indicated otherwise. BMI = body mass index; FRAX = Fracture Risk Assessment
Tool; GI = gastrointestinal; HAQ DI = Health Assessment Questionnaire disability index; IBS = irritable bowel syn-
drome; MOF = major osteoporotic fracture; OP = osteoporosis; PPIs = proton-pump inhibitors; PUD = peptic ulcer
disease; RDCI = Rheumatic Disease Comorbidity Index; SSRIs = selective serotonin reuptake inhibitors.
† Determined by Wilcoxon’s rank sum for continuous factors, Kruskal-Wallis for categorical factors, and chi-square
or Fisher’s exact test for binary factors, where appropriate.
‡ As prednisone does equivalents.
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with rate of fracture. We included all fractures over the study
period. Nonparametric Wilcoxon’s rank sum tests and Pearson’s
chi-square tests or Fisher’s exact tests were used to compare
continuous and discrete variables, respectively. Bivariate/
unadjusted and multivariable Cox proportional hazards models
were used to investigate the risk factors for fractures or osteopo-
rosis in the SSc and control groups. We examined raw unad-
justed associations using Cox proportional hazards for the rate
of fractures separately among those with SSc and those with
OA, as well as in SSc and OA combined. For characteristics that
were related to the rate of fracture in either SSc or OA or the com-
bined group at a significance of 0.05, we also examined the asso-
ciation with Cox proportional hazards adjusted for age and BMI.
In sensitivity analysis, we adjusted for smoking in addition to age
and sex. We replaced the missing baseline values of BMI (missing
for n = 86, 9%) and glucocorticoid use (missing for n = 572, 62%)
with multiple imputations by chained equations to create multiple
imputed data sets for analysis (22). We did the same for diabetes
mellitus (yes/no), PPI use (any versus none), and renal disease. All
tests were 2-sided and considered statistically significant when
P values were less than 0.05. All statistical analyses were per-
formed using Stata, version 16.0.

RESULTS

Clinical characteristics of SSc and OA patients. The
study included 922 patients, 154 with SSc and 768 OA compara-
tors. Fifty-one patients developed at least 1 fracture during a
median of 4.2 years of follow-up, with a total of 82 fractures
occurring. Of these 82, a total of 55 fractures occurred in the OA
patients, while 27 fractures occurred among those with sclero-
derma. Clinical features of the SSc and OA participants including
age, disease duration, sex, postmenopausal status, BMI, RDCI,
HAQ DI scores, FRAX scores and history of diabetes mellitus,
renal disease, osteoporosis, and GI disease are compared in
Table 1. Patients with SSc had a significantly lower BMI com-
pared to OA comparators (27.8 versus 30.8 kg/m2; P < 0.001).
As expected, patients with SSc also had more comorbidities
when compared to OA comparators (Table 1). SSc patients had
higher RDCI scores (2.4 versus 1.8; P < 0.001) and slightly higher
FRAX MOF scores (8.3% versus7.0%; P = 0.046) and FRAX hip
scores (2.3 versus 1.5; P = 0.027) when compared to OA com-
parators (FRAX MOF: moderate risk 10 to <20%; high risk ≥20;
low risk <10; FRAX hip: high risk ≥3%; moderate risk ≥2 to
<3%). However, there was no significant difference in baseline
HAQ DI scores (0.9 versus 0.8; P = 0.140) between SSc and OA
comparators. Both groups also had similar prevalence of preex-
isting osteoporosis (0.6% versus 0.4%; P = 0.656).

Compared to OA comparators, patients with SSc had a
lower prevalence of diabetes mellitus (5.2% versus 12.9%;
P = 0.007) but were more likely to have a history of renal disease
(16.2% versus 8.0%; P = 0.004) and GI disorders (54.6% versus

41.4%; P = 0.007). Within GI disease, patients with SSc reported
having more GI symptoms (Table 1), including diarrhea (28.8 ver-
sus 15.8; P < 0.001), indigestion (43.8 versus 30.3; P = 0.002),
vomiting (14.4 versus 4.2; P < 0.001), loss of appetite (19.7 ver-
sus 10.3; P = 0.003), and peptic ulcer disease (33.6 versus
21.0; P = 0.003).

Univariate regression analysis. We sought to measure
the strength of the association between distinct clinical factors
and fractures in patients with SSc and OA comparators. We
examined associations among SSc and OA comparators com-
bined, as well as only among SSc patients and only among OA
comparators. In the univariate analysis (Table 2), among the
cohort of SSc and OA comparators, we found that patients with
SSc were 2.27 times more likely to have fractures relative to OA
comparators (hazard ratio [HR] 2.27 [95% confidence interval
(95% CI) 1.43–3.61]) (Figure 2). No significant differences in asso-
ciation of demographic characteristics with fracture occurrence
between patients with SSc and OA comparators were identified
(Table 2).

Patients with more comorbidities tended to have more frac-
tures. Among patients with SSc, a higher RDCI score, a higher
HAQ DI score (Figure 3), the presence of diabetes mellitus, and
the presence of renal disease were all associated with more frac-
tures (Table 2). Among patients with SSc, a 1-point increase in
RDCI score was associated with a 38% increased rate of fracture
(HR 1.38 [95% CI 1.15–1.66]), while a 1-point increase in HAQ DI
score was associated with a substantially increased risk of frac-
tures (HR 3.16 [95% CI 1.84–5.41]). An even greater rate for frac-
ture was seen in patients with both SSc and diabetes mellitus.
These patients had significantly more fractures when compared
to SSc patients without diabetes mellitus (HR 5.10 [95% CI
2.29–11.37]). Interestingly, among OA comparators, there was
no significant difference in fractures between those with and with-
out diabetes mellitus. A similar finding was observed when evalu-
ating renal disease as a possible risk factor for fracture in patients
with SSc and OA comparators. While no significant difference in
the rate of fracture was seen in OA comparators when comparing
those with and without renal disease, patients with SSc and renal
disease had more fractures compared to SSc patients without
renal disease (HR 2.32 [95% CI 1.07–5.00]).

Among SSc patients, those taking PPIs had a 55% lower
rate of fracture (HR 0.45 [95% CI 0.21–0.99]) when compared to
SSc patients not taking PPIs. Interestingly, this contrasts with
the increase in fractures observed among OA comparators
taking PPIs compared to those not taking PPIs (HR 2.00 [95%
CI 1.16–3.46]). However, there was no significant association with
rate of fracture when considering PPI cumulative dose in both
SSc patients and OA comparators (Table 2).

The use of glucocorticoids, osteoporosis medications,
SSRIs, estrogen, anticonvulsants, opioid analgesia, or nonopioid
analgesia was not significantly associated with the rate of fracture
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among patients with SSc (Table 2). However, among OA compar-
ators, those taking opioid analgesia had more fractures than
those not taking opioid analgesia (HR 2.11 [95% CI 1.23–3.61]),
and OA comparators taking medium- and high-dose glucocorti-
coids had more fractures than OA comparators not taking those
medications (HR 5.03 [95% CI 1.55–16.36]).

Multivariable regression analysis.We sought to deter-
mine whether the associations between clinical features and frac-
ture from the univariable analyses remained after adjusting for
clinically relevant covariates and potential confounders. In the

multivariable model, we adjusted for age and BMI and then reex-
amined the associations between fracture and each of the follow-
ing variables: sex; scleroderma; GI disease; diabetes mellitus;
renal disease; medication use; RDCI score; and HAQ DI score
(Table 3). We determined that patients with SSc were more likely
to have fracture relative to OA comparators (HR 2.38 [95% CI
1.47–3.83]). Furthermore, among patients with SSc, the associa-
tions between a significantly higher rate of fracture in patients with
SSc and a higher RDCI score, higher HAQ DI score, and/or the
presence of diabetes mellitus and renal disease from the unad-
justed analysis (Table 2) remained significant in the multivariable

Table 2. Univariate risk factor analysis of fractures in patients with systemic sclerosis and osteoarthritis*

Variable

Whole cohort Scleroderma patients only Osteoarthritis patients only
(n = 922) (n = 154) (n = 768)

Unadjusted HR P Unadjusted HR P Unadjusted HR P
(95% CI) (95% CI) (95% CI)

Demographic characteristics
Scleroderma 2.27 (1.43–3.61) 0.001 – – – –

Female 2.39 (0.97–5.92) 0.059 † † 1.48 (0.59–3.71) 0.404
Age categories
20–50 years Ref. Ref. Ref.
51–64 years 1.25 (0.51–3.06) 0.626 † † 0.56 (0.21–1.52) 0.256
≥65 years 1.81 (0.76–4.30) 0.177 † † 1.17 (0.48–2.86) 0.735

Non-Hispanic White 1.98 (0.72–5.43) 0.184 † † 1.25 (0.45–3.47) 0.672
Postmenopausal status (vs. women only) 3.63 (0.89–14.87) 0.073 † † 2.36 (0.57–9.78) 0.237
Ever smoker 1.37 (0.88–2.12) 0.165 1.98 (0.92–4.28) 0.083 1.00 (0.58–1.74) 0.999
Disease duration, years 1.01 (0.99–1.03) 0.379 1.00 (0.96–1.05) 0.862 1.01 (0.99–1.04) 0.297
BMI categories, kg/m2

Underweight, <18.5 1.33 (0.39–4.55) 0.646 1.21 (0.26–5.57) 0.808 0.97 (0.12–7.74) 0.976
Normal weight,18.5–25.0 Ref. Ref. Ref.
Overweight, 25–30 1.04 (0.59–1.83) 0.884 0.52 (0.18–1.50) 0.227 1.55 (0.75–3.20) 0.237
Obese, >30 0.78 (0.45–1.36) 0.386 0.77 (0.32–1.87) 0.565 0.95 (0.46–1.98) 0.899

Comorbidities
RDCI 1.32 (1.17–1.48) <0.001 1.38 (1.15–1.66) 0.001 1.21 (1.03–1.43) 0.018
HAQ DI 2.56 (1.84–3.55) <0.001 3.16 (1.84–5.41) <0.001 2.07 (1.38–3.12) <0.001
Diabetes mellitus 1.73 (1.08–2.78) 0.024 5.10 (2.29–11.37) <0.001 1.29 (0.71–2.34) 0.406
Renal disease 1.46 (0.90–2.37) 0.121 2.32 (1.07–5.00) 0.032 1.02 (0.53–1.95) 0.952
GI disorder 0.98 (0.61–1.58) 0.937 1.21 (0.48–3.03) 0.682 0.83 (0.47–1.47) 0.531
GI scale (for 10-point increase) 0.93 (0.79–1.09) 0.349 0.79 (0.56–1.14) 0.209 0.92 (0.76–1.12) 0.413

Medications
PPIs 1.56 (1.00–2.43) 0.050 0.45 (0.21–0.99) 0.046 2.00 (1.16–3.46) 0.013
PPI cumulative dose‡ 1.03 (0.99–1.07) 0.106 0.95 (0.88–1.02) 0.166 1.04 (0.99–1.10) 0.086
Low dose (≤20 mg) Ref. Ref. Ref.
High dose (>20 mg) 0.28 (0.03–3.22) 0.310 † † 0.15 (0.01–2.44) 0.183

Glucocorticoids
None Ref. Ref. Ref.
Low, ≤7.5 mg/day 1.37 (0.59–3.16) 0.465 1.34 (0.53–3.41) 0.539 † †

Medium and high, >7.5 mg/day 4.50 (1.80–11.25) 0.001 2.55 (0.58–11.19) 0.215 5.03 (1.55–16.36) 0.007
Osteoporosis medications 0.60 (0.08–4.29) 0.607 0.78 (0.10–5.79) 0.804 † †

SSRIs 1.23 (0.69–2.20) 0.482 0.77 (0.18–3.37) 0.728 1.54 (0.81–2.94) 0.190
Estrogen 0.64 (0.33–1.24) 0.181 0.27 (0.04–2.02) 0.204 0.89 (0.43–1.82) 0.741
Opioid analgesia 1.46 (0.92–2.32) 0.106 0.52 (0.18–1.52) 0.232 2.11 (1.23–3.61) 0.006
Nonopioid analgesia§ 0.60 (0.39–0.92) 0.020 0.76 (0.34–1.70) 0.509 0.65 (0.38–1.11) 0.113
Anticonvulsants 0.96 (0.52–1.79) 0.908 0.92 (0.32–2.67) 0.875 0.92 (0.43–1.95) 0.823

* 95% CI = 95% confidence interval; BMI = body mass index; GI = gastrointestinal; HAQ DI = Health Assessment Questionnaire disability index;
HR = hazard ratio; PPIs = proton-pump inhibitors; RDCI = Rheumatic Disease Comorbidity Index; Ref. = reference; SSRIs = selective serotonin
reuptake inhibitors.
† Not estimable due to low number of fractures within ≥1 categories.
‡ As omeprazole dose equivalents, in grams; cumulative PPI use was defined as the number of previous surveys where the participants indi-
cated any use of PPI.
§ Nonsteroidal antiinflammatory drugs and cyclooxygenase 2 inhibitors.
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analyses (Table 3). In the patients with SSc, a 1-point increase in
their RDCI score was associated with a 45% increased rate for
fracture (HR 1.45 [95% CI 1.20–1.75]), and a 1-point increase in
HAQ DI score was associated with an almost 3-fold increased
rate for fracture (HR 3.83 [95% CI 2.12–6.93]). In patients with
SSc, those with diabetes mellitus were 5.89 times as likely to have
a fracture than those without diabetes mellitus (HR 5.89 [95% CI
2.51–13.82]), and those with renal disease were 2.43 times as
likely to have fracture compared to SSc patients without renal dis-
ease (HR 2.43 [95% CI 1.10–5.37]). In a sensitivity analysis, we
adjusted for smoking in addition to age and sex. We did not see
any changes in the results for this sensitivity analysis (see Supple-
mentary Table 1, available on the Arthritis Care & Research web-
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.25137).

DISCUSSION

Our study is the first to examine the rate of fracture among
patients with SSc in the US by examining a large well-
characterized sample of patients with rheumatic diseases. We
observed a higher fracture rate in patients with SSc relative to
OA comparators. We found that comorbidity burden and higher
physical disability were strongly associated with a high fracture
rate in both scleroderma and OA. Diabetes mellitus and renal dis-
ease were also determined to increase fracture rate in patients
with SSc even after adjusting for age and BMI. After adjustment,
significant disability and comorbidity burden were most strongly
associated with fracture in patients with SSc.

Our finding that US patients with SSc are subject to an ele-
vated rate of osteoporotic fracture compared to OA comparators
is consistent with previous studies globally (23–25). For example,
a French study by Avouac et al found that osteoporotic fractures
are more prevalent among patients with SSc compared to a
healthy control population (4), and Lai et al identified an almost

2 times higher rate for osteoporotic fracture in patients with SSc
compared to the general population (24).

Another important result of our study is the finding that physi-
cal disability, a partially modifiable risk factor (26–29), is associated
with a high fracture rate in patients with SSc. Musculoskeletal
involvement such as joint contracture, myopathy, and arthritis are
common features of SSc (30), which can lead to disability and
impaired quality of life (1,23,31,32). Various local and global thera-
peutic rehabilitation programs (i.e., home exercises [29], manual
lymphatic drainage [28], paraffin wax baths [33], connective tissue
massage [34], joint manipulation [34], physical and occupational
therapy [35,36], and aerobic exercises [37]) were noted to improve
the function of patients with SSc. Specifically, improvements in
mobility, flexibility, skin elasticity, aerobic capacity, and muscle
endurance and decreased edema and stiffness were reported.
Interventions targeting hand and upper extremity function may also
reduce disability in SSc, and self-stretching programsmay improve
grip strength (38). Furthermore, home-based physical exercise reg-
imens were also shown to decrease disability and improve biceps
and quadriceps strength (29). As our study is the first to determine
that high HAQ DI scores are strongly associated with high rate for
fracture in patients with SSc, the timing and application of these
interventions in high-risk patient subsets should be an important
focus of future studies.

Our study also determined that a high comorbidity burden is
an important risk factor for fracture in patients with SSc. Patients
with high RDCI scores were more likely to have fractures when
compared to patients with fewer comorbidities. These data pro-
vide additional insight to support the early recognition of SSc
patients who have a high risk for fracture. Furthermore, it sug-
gests that the early diagnosis and appropriate management of
comorbidities in patients with SSc should be a priority, and that
interventions, such as multidisciplinary rehabilitation (i.e., aimed

Figure 2. Kaplan-Meier estimates for the percent fracture free over
the duration of the study (years), by Health Assessment Questionnaire
disability index for systemic sclerosis (red line) and osteoarthritis (blue
line) patients.

Figure 3. Kaplan-Meier estimates for the percent fracture free over
the duration of the study (years), by Health Assessment Questionnaire
disability index (HAQ DI) for systemic sclerosis patients with a HAQ DI
score of <1 (red line) and a HAQ DI score of ≥1 (orange line), and for
osteoarthritis patients with a HAQ DI score of <1 (blue line) and a
HAQ DI score of ≥1 (green line).
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to improve mobility and overall function) (39) may reduce long-
term fracture risk.

To our knowledge, this is the first study to determine that dia-
betes mellitus is an independent risk factor for fracture in patients
with SSc. Prior studies in the general population reported a 2–5
times higher risk for fracture in patients with diabetes mellitus
when compared to those without diabetes mellitus (40) and an
association between worse fracture outcomes in patients with
diabetes mellitus when compared to normoglycemic individuals
(41). Given the morbidity, mortality, and economic burden associ-
ated with fracture, our finding that diabetes mellitus is a risk factor
for fracture in patients with SSc warrants further study. Our ability
to provide more specific recommendations for risk stratifying SSc
patients with diabetes mellitus is limited due to lack of data on the
severity of diabetes mellitus and glycemic control within these
participants.

Renal disease is associated with an increased rate of fracture
when compared to patients without renal disease in the general
population (range HR 1.16 [95% CI 1.01–1.33] to HR 5.04 [95%
CI 1.38–18.45]) (42–44). However, previous studies examining
risk factors for fracture in patients with SSc have failed to consider
or excluded patients with comorbid renal disease (45). Our study
found that patients with SSc and renal disease were significantly
more likely to have fracture compared to SSc patients without
renal disease (HR 2.43 [95% CI 1.10–5.37]). This finding is

consistent with increased risk for fracture observed among
patients with renal disease in the general population (42). As a
result, particular attention should be directed toward monitoring
and preventing bone loss in SSc-associated renal disease, as an
increased risk for fracture exists among these patients.

Interestingly, we found that patients with SSc who take PPIs
had a lower rate of fracture when compared to SSc patients not
taking PPIs. This finding contrasts the association between PPI
use and increased fracture risk reported in the general population
(8,46). However, previous studies have not yet established a
causative link between PPI use and fracture. Additional large pro-
spective studies are needed to clarify the true risk of PPI use on
fracture in the general population and in patients with other condi-
tions such as SSc. We would also recommend interpreting this
association with caution, as methodological imputations were uti-
lized for missing values on PPI use in one-third of our patients.

Our study has several strengths. This is the first study to
examine the rate of fracture among patients with SSc in the
US. The FORWARD study includes well-characterized patients
with SSc and a built-in comparator group of age- and sex-
matched OA patients. Importantly, the OA comparators were
not significantly distinct from patients with SSc in terms of demo-
graphic characteristics and lacked many of the risk factors for
fractures that are enriched among patients with SSc. Additionally,
we included and adjusted for age and BMI in patients with SSc to

Table 3. Multivariable analysis evaluating risk of fracture in patients with systemic sclerosis and osteoarthritis*

Variable

Whole cohort Scleroderma patients only Osteoarthritis patients only
(n = 922) (n = 154) (n = 768)

Adjusted HR P Adjusted HR P Adjusted HR P
(95% CI)† (95% CI)† (95% CI)†

Demographic characteristics
Scleroderma 2.38 (1.47–3.83) <0.001 – – – –

Female 2.57 (1.04–6.38) 0.042 ‡ ‡ 1.69 (0.67–4.27) 0.268
Non-Hispanic White 1.99 (0.72–5.49) 0.184 ‡ ‡ 1.32 (0.47–3.73) 0.594
Ever smoked 1.32 (0.85–2.05) 0.222 1.73 (0.79–3.77) 0.169 0.97 (0.56–1.69) 0.921

Comorbidities
RDCI 1.33 (1.18–1.50) <0.001 1.45 (1.20–1.75) <0.001 1.23 (1.04–1.45) 0.015
HAQ DI 2.98 (2.12–4.19) <0.001 3.83 (2.12–6.93) <0.001 2.44 (1.58–3.76) <0.001
Gastrointestinal disorder 1.02 (0.63–1.65) 0.930 1.38 (0.53–3.58) 0.508 0.87 (0.49–1.54) 0.638
Diabetes mellitus 1.92 (1.17–3.16) 0.010 5.89 (2.51–13.82) <0.001 ‡ ‡

Renal disease 1.43 (0.88–2.32) 0.146 2.43 (1.10–5.37) 0.029 1.00 (0.52–1.92) 0.996
Medications
PPIs 0.89 (0.33–2.36) 0.795 0.60 (0.21–1.72) 0.342 1.01 (0.26–3.92) 0.983
PPI cumulative dose§ 1.03 (0.99–1.08) 0.097 0.93 (0.86–1.01) 0.100 1.04 (0.99–1.10) 0.087
Glucocorticoids
None Ref. Ref. Ref.
Low, ≤7.5 mg/day 1.39 (0.60–3.22) 0.444 1.53 (0.57–4.10) 0.393 ‡ ‡

Medium and high, >7.5 mg/day 4.71 (1.87–11.86) 0.001 2.73 (0.60–12.41) 0.194 5.07 (1.55–16.63) 0.007
Estrogen 0.61 (0.31–1.20) 0.152 0.25 (0.03–1.91) 0.183 0.95 (0.46–1.98) 0.897
Opioid analgesia 1.50 (0.94–2.39) 0.089 0.53 (0.17–1.61) 0.263 2.15 (1.24–3.73) 0.006
Nonopioid analgesia 0.60 (0.39–0.93) 0.023 0.77 (0.34–1.76) 0.539 0.67 (0.39–1.14) 0.140

* All associations were adjusted for age and body mass index (BMI). 95% CI = 95% confidence interval; HAQ DI = Health Assessment Question-
naire Disability Index; HR = hazard ratio; PPIs = proton-pump inhibitors; RDCI = Rheumatic Disease Comorbidity Index.
† Adjusted for age and BMI in 3 categories.
‡ Not estimable due to low number of fractures within ≥1 categories.
§ Cumulative PPI use was defined as the number of previous surveys where the participants indicated any use of PPI.
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limit possible confounding or unmeasured risk factors not
addressed in previous studies. With regard to limitations, frac-
tures were self-reported; therefore, a possibility exists for selec-
tion bias and underreporting events. We did not adjust for the
history of fracture before study enrollment, as these data were
not available to us. Although we had a large sample of well-
defined patients, the number of SSc patients and patients with
fracture(s) was relatively small, likely limiting our power to identify
other important associations. Additionally, the patient question-
naire did not include information regarding the mechanism of frac-
ture (i.e., low- versus high-energy trauma). Furthermore, given the
small number of fractures, the effect size may have also been
overestimated. Given the matching in decades and the adjust-
ment in very large categories, residual confounding by age is a
possibility, and there is always potential for other confounding
due to unmeasured factors. There is also the potential that match-
ing skewed the OA population to slightly younger people overall.
As disease severity or duration of diabetes mellitus or renal dis-
ease were not quantified among patients, it is difficult to make
any specific recommendations for risk stratification within these
subpopulations of affected patients with SSc. We also recognize
that our sample was primarily composed of non-Hispanic White
female patients. More studies are needed to identify whether our
findings are generalizable to other ethnic groups. Finally, our con-
clusions are limited in part by incomplete responses from partici-
pants (see Supplementary Table 1, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25137).

In conclusion, patients with SSc are at a high risk for fracture
given their unique risk factors. Among patients with SSc, high
comorbidity, high disability, diabetes mellitus, and renal disease
appear to be independent risk factors for MOF. To our knowl-
edge, this is the first study to identify disability as a direct, partially
modifiable risk factor for fracture in patients with SSc. Disability in
SSc, as measured by the HAQ DI, is a particularly strong indicator
of future rate of fracture. Routine screening for disability associ-
ated with SSc, and integrating interventions aimed at improving
patients’ functional status, may together lead to improved clinical
outcomes in SSc. We therefore suggest that clinicians consider
utilizing tools such as the RDCI and the HAQ DI in clinical assess-
ments for the early identification of patients with SSc who are at
increased risk for major osteoporotic fracture. Multidimensional
therapeutic rehabilitation (36) should be targeted at improving
mobility in these patients to limit risk of fracture and fracture-
related morbidity and mortality. Future prospective studies are
needed to further elucidate the appropriate timing and modalities
that are most appropriate for specific patient subgroups.
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Lung Transplantation: A Viable Option for Connective
Tissue Disease?

Na Zhang,1 Shizhou Liu,1 Zhaoliang Zhang,2 Ying Liu,1 Liangyu Mi,2 and Ke Xu1

Interstitial lung disease (ILD) and pulmonary hypertension (PH) caused by connective tissue disease (CTD) are one of the
main causes of morbidity and death in patients. Although the International Society for Heart & Lung Transplant suggested
that ILD and PH related to CTD are rare indications for lung transplantation in 2006, many lung transplantation centers are
concerned that the multisystem involvement of CTD will affect survival outcomes after lung transplantation, and CTD is
regarded as a relative contraindication for lung transplantation. However, long-term and short-term survival after lung trans-
plantation in CTDpatients is similar comparedwith survival in common indications for lung transplantation such as idiopathic
pulmonary fibrosis (IPF), and no higher incidence of complications after transplantation in many lung transplant centers. This
suggests that lung transplantationmay be beneficial in CTDpatientswith disease that progresses to end-stage lung disease,
and CTD should not be considered a contraindication for lung transplantation. In the future, more prospective studies are
needed to analyze the risk factors of lung transplantation in CTD patients to improve survival rates and reduce the risk of
complications. This narrative review summarizes the selection and evaluation of candidates for CTD before lung transplan-
tation and describes the clinical outcomes in CTD after lung transplantation in large-capacity lung transplantation center.
The purpose of this review is to help rheumatologists decide when to refer patients with CTD-related lung involvement to a
lung transplantation center and the conditions to consider before transplantation and to provide confidence to lung trans-
plant experts.

Introduction

Connective tissue diseases (CTDs) are a group of autoim-

mune diseases involving multiple systems and organs. Interstitial

lung disease (ILD) and pulmonary hypertension (PH) are one of

the main causes of morbidity and death in patients with CTDs

(1). Nonspecific interstitial pneumonia (NSIP) is the most common

pattern of most CTDs, except rheumatoid arthritis (RA), which is

mainly related to usual interstitial pneumonia (UIP) (2). Treatment

of CTD–ILD is still a challenge. At present, there is no global treat-

ment guideline for CTD–ILD. Patients with CTD–ILD with disease

that is difficult to treat with traditional medical treatments including

glucocorticoids and immunosuppressants or with disease that is

still progressing may need lung transplantation evaluation.

Recently, 3 trials have shown a response to antifibrotic therapy

in patients with other forms of progressive fibrotic ILD, including

chronic hypersensitivity pneumonitis, autoimmune ILD, idiopathic

nonspecific interstitial pneumonitis, unclassifiable idiopathic

interstitial pneumonitis, and a group of other rarer fibrotic

ILDs (3–5).
With the widespread use of antifibrotic drugs, it is more chal-

lenging to determine the timing of listing for lung transplantation,

but these studies cannot prove the impact on death. Therefore,

lung transplantation is the final treatment in CTD that has pro-

gressed to end-stage lung disease. The International Society for

Heart & Lung Transplant (ISHLT) consensus on lung transplanta-

tion in patients with CTD has not changed the recommendation

for referral and listing of patients who received treatment with

new antifibrotic drugs (6). More data are needed to clarify the

effect of antifibrotic drugs on the best time of transplantation.

Since the successful introduction of lung transplantation in the

early 1980’s, there has been a great improvement in terms of can-

didate selection, management, and outcome. ISHLT published
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several consensus statements/guidelines on lung transplantation

in 1998, 2006, 2015 and 2021 (6–9). The indications for lung

transplantation mainly include IPF, chronic obstructive pulmonary

disease (COPD), cystic fibrosis (CF), and idiopathic pulmonary

arterial hypertension (IPAH). Until 2006, the guidelines of the

ISHLT proposed that ILD and PAH related to CTD were rare indi-

cations for lung transplantation (0.5%) (8). Over the last 30 years,

although there has been a significant increase in the number of

lung transplants performed, CTD patients only account for 0.9%

(10). Indications for adult lung transplantation are shown in

Figure 1 (10).
Due to the multisystem involvement of CTD, CTD is a relative

contraindication in many lung transplantation centers, and referral
is often delayed because of concerns about the influence of pre-
existing conditions on the posttransplantation results. The poten-
tial factors of adverse outcomes include gastroesophageal reflux
(GER) (thought to cause bronchiolitis obliteration syndrome
[BOS]), kidney diseases (complicating the management of com-
monly used immunosuppressive agents and antibacterial drugs
after transplantation) and extrapulmonary diseases such as myo-
sitis (complicating posttransplantation immunosuppression and
rehabilitation management) (11). Because of these concerns,
whether lung transplantation is a reasonable treatment in patients
with CTD remains controversial. Compared with patients with
other diseases, these patients receive less lung transplantation
treatment, and different lung transplantation centers have differ-
ences in the selection and evaluation of CTD candidates (12). This
narrative review summarizes the selection and evaluation of candi-
dates for CTD lung transplantation, and describes the clinical out-
come of CTD lung transplantation in large-capacity lung
transplantation center, aiming to provide references for CTD
patients to choose lung transplantation.

Methods

The study did not require approval from the medical ethics
committee of Shanxi Bethune Hospital.

When to consider lung transplant. Lung transplantation
should be considered in adults with chronic, end-stage lung
disease who meet all the following general criteria: 1) high
(>50%) risk of death from lung disease within 2 years if lung
transplantation is not performed; 2) high (>80%) likelihood of
surviving at least 90 days after lung transplantation; 3) high
(>80%) likelihood of 5-year posttransplant survival from a gen-
eral medical perspective provided that there is adequate graft
function (7).

Referral and listing for CTD patients. For CTD patients, there
is no independent guideline for referral and listing of lung trans-
plantation. Table 1 shows the referral and listing timing formulated
by ISHLT for ILD and pulmonary vascular diseases, which is appli-
cable to CTD patients according to the major lung involvement
(i.e., ILD or PH) (7,8).

Pretransplant considerations. CTD mainly includes RA,
Sjögren’s syndrome, systemic lupus erythematosus (SLE),
systemic sclerosis (SSc), inflammatory myopathies (polymyosi-
tis [PM], dermatomyositis [DM], and antisynthetase syndrome),
and antineutrophil cytoplasmic antibody (ANCA)–associated
vasculitis (AAV). Extrapulmonary manifestations and specific
transplant evaluation that should be considered before trans-
plantation in each disease are shown in Supplementary
Tables 1–6 (available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.25133/
abstract); the absolute contraindications (agreement strength
of at least 80%) are shown in Supplementary Table 7 (13) (avail-
able at http://onlinelibrary.wiley.com/doi/10.1002/acr.25133/
abstract).

Figure 1. Primary indications in adult lung transplantation between January 1995 and June 2018. A1ATD = α1 antitrypsin deficiency; CF = cystic
fibrosis; COPD = chronic obstructive pulmonary disease; CTD = connective tissue disease; IIP = idiopathic interstitial pneumonia; ILD = interstitial
lung disease; IPAH = idiopathic pulmonary hypertension; LAM = lymphangioleiomyomatosis; OB = obliterative bronchiolitis.
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Outcome in CTD patients after lung
transplantation

CTD–ILD and lung transplantation. Because the proportion of
CTD patients receiving lung transplantation is smaller compared
with that of other lung diseases (e.g., IPF, CF, COPD), there are
few studies about the prognosis of lung transplantation in CTD
patients. Recently, some studies have shown that the short-term
and long-term survival rates of CTD–ILD patients posttransplant
are comparable to those of IPF or non-CTD patients (14–20)
(see Table 2). These studies confirmed the effectiveness of lung
transplantation in patients with CTD–ILD. Takagishi et al found
that the cumulative survival time in CTD–ILD patients was lower
compared with the cumulative survival time in COPD patients,
but there was no statistical difference in the increased risk of
death (14). The author believes that this may be related to CTD-
related comorbidity, which increases the risk of graft failure or
death. Specific problems related to CTD that may increase the
risk of graft dysfunction include esophageal dyskinesia, GER dis-
ease (GERD), neuromuscular weakness, and thromboembolism
(12). Courtwright et al found that the mortality rate in non-
scleroderma connective tissue–related ILD patients with walking
distance <183 meters increased after transplantation (16), which
is consistent with the previously reported relationship between
6-minute walking distance and survival rate after lung transplanta-
tion (21). Therefore, for patients below this threshold, the preoper-
ative status should be optimized by improving the preoperative
walking distance.

Prieto-Peña et al confirmed the existence of ILD using histo-
logic features obtained from lung biopsy before lung transplanta-
tion (18). When evaluating the histologic characteristics of the
recipient lung, all patients diagnosed with RA and receiving lung
transplantation had UIP, while NSIP was the most common histo-
logic subtype in the remaining CTD–ILD patients. In the study by

Park et al (15), compared with IPF patients, there was no statisti-
cal difference in the duration of CTD–ILD patients in the intensive
care unit (ICU) after surgery. However, Yang et al showed that
PM/DM–ILD was related to longer stay in the ICU (P < 0.001)
(20). In addition, a cohort study by Ratwani et al showed that the
transplant-free survival rate of patients hospitalized for any reason
was significantly lower compared with that of patients who had
never been hospitalized (3-year survival rate 60% versus 94%;
P = 0.0001) (22). The lower transplant-free survival rate was asso-
ciated with age, male sex, RA, all-cause hospitalization, and car-
diopulmonary hospitalization, which may be helpful in lung
transplantation evaluation in case selection.

CTD–PH and lung transplantation. CTD-related PH was
more common in SSc, mixed connective tissue disease, and
SLE, with prevalence rates of 4.9–38%, 23–29%, and 2–14%,
respectively (23). Compared with IPAH, CTD–PH has worse
responsiveness to treatment and worse prognosis (24,25). Few
studies have analyzed the prognosis of lung transplantation in
PH patients. In a retrospective study at the Toronto General
Hospital in Canada from January 1997 to September 2010 (26),
including 123 IPAH patients, 77 with PAH associated with con-
genital heart disease, 102 with CTD–PH, and 14 with chronic
thromboembolic disease, of the 16 patients with CTD–PH who
received bilateral lung transplantation, 13 had scleroderma. The
results of this study showed that CTD–PH had poor responsive-
ness to targeted drugs, made rapid progress, and had a worse
prognosis compared with IPAH. The case fatality rate in the wait-
ing list was 34%, which was much higher than CHD–PH and
IPAH. However, it is very interesting that the survival of CTD–PH
lung transplantation is better than that of IPAH group, especially
the long-term survival rate of CTD–PAH patients at 5 and 10 years
after lung transplantation (69% at 10 years). The results of this
study encourage reexamination of lung transplantation in

Table 1. Timing of referral and listing for CTD*

Timing ILD PH

Referral Evidence of UIP or NSIP NYHA class III–IV symptoms during escalating therapy
FVC <40% predicted Rapidly progressive disease
Dyspnea or functional limitation Use of parenteral targeted PAH therapy
Any O2 requirement Known or suspected PVOD or pulmonary capillary

hemangiomatosis
For inflammatory ILD, failure in improvement of dyspnea, O2 requirement,
or PFTs after medical therapy

Listing ≥10% decline in FVC, or ≥15% decline in DLCO at 6-month follow-up NYHA class II–IV despite ≥3-month combination
therapy including prostanoids

O2 saturation <88%, 6-minute walk test distance <250 meters CI <2 liters/minutes/m2

50-meter decline in 6-minute walk test distance at 6-month follow-up mRAP >15 mm Hg
PH 6-minute walk test distance <350 meters
Hospitalization due to respiratory decline, pneumothorax, or acute
exacerbation

Significant hemoptysis, pericardial effusion, or
progressive RHF

* CTD = connective tissue disease; CI = cardiac index; DLCO = diffusing capacity for carbonmonoxide; FVC = forced vital capacity; ILD = interstitial
lung disease; mRAP = mean right atrial pressure; NSIP = nonspecific interstitial pneumonia; NYHA = New York Heart Association; PAH = pulmo-
nary arterial hypertension; PFTs = pulmonary function tests; PH = pulmonary hypertension; PVOD = pulmonary venooclusive disease;
RHF = right heart failure; UIP = usual interstitial pneumonia.
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recipients with CTD–PH. It indicates that CTD–PH patients have
good early- and long-term prognosis after lung transplantation
and should be treated more actively on the waiting list.

Complication. The survival rate in patients after lung trans-
plantation may be affected by many complications, mainly graft
dysfunction (primary graft dysfunction [PGD]), acute and chronic
graft rejection, infection, and immunosuppressive drug–related
side effects. Only a few studies have specifically reported the
incidence of complications such as PGD, acute and chronic
rejection, infection, etc. (see Table 2).

PGD. PGD is an acute lung injury that occurs early after lung
transplantation, and it is the main cause of early death in lung trans-
plant recipients (27). The current understanding of the pathogene-
sis of PGD emphasizes the multiple pathways leading to damage
of pulmonary endothelium and alveolar epithelium, involving inflam-
mation, innate immunity, platelet and coagulation dysfunction, fibri-
nolysis, and other pathways (26).The total incidence rate of PGD is
estimated to be �30%, and the 30-day mortality rate of grade
3 PGD is �36%. This impact on survival has been confirmed
10 years after lung transplantation, especially for grade 3 PGD (28).

Compared with no or lower PGD, the highest PGD3 was
associated with significantly longer mechanical ventilation time
and hospital stay after transplantation (29–32). At present, there
is no treatment to reverse PGD, which is the main cause of early
death after lung transplantation (33). Additionally, it increases the
risk of long-term death and chronic rejection among survi-
vors (30,34).

The incidence of PGD in CTD patients after lung transplanta-
tion is shown in Table 2. Park et al reported that there was no sig-
nificant difference in the incidence of PGD between CTD–ILD and
IPF patients (P = 0.154) (15), and in 2021, findings from a multi-
center retrospective study by Natalini et al demonstrated that the
incidence of grade 3 PGD in patients with CTD–ILD is similar to
that in patients with IPF (35), which was different from the study
by Ju et al (17) that showed that PM/DM–ILD was associated with
higher incidence of PGD (grade 3) (P = 0.006) and longer stay in
the ICU (P < 0.001) (20). Cox proportional risk regression analysis
after adjustment for age and sex showed that the occurrence of
PGD after surgery and the length of stay in the ICU were indepen-
dent risk factors for patient survival. Ju et al demonstrated that the
incidence of PGD in CTD–ILD patients was significantly higher
(90.3% versus 70.4%; P = 0.03), but there was no significant dif-
ference in mortality related to PGD between the 2 groups
(6.5% versus 6.1%; P = 0.95) (17) (see Table 2).Therefore, there
is no higher PGD-related mortality in CTD patients after lung
transplantation, except in PM/DM–ILD patients. Careful consider-
ation should be given to PM/DM–ILD patients before surgery to
reduce the high mortality rate in these patients after lung
transplantation.

Acute rejection and chronic rejection. Acute cellular rejection
is a common complication after lung transplantation. Although clin-
ically, acute cellular rejection is usually asymptomatic and rarely

fatal, it has been recognized as a risk factor for chronic rejection
(36). There are few treatment options for chronic rejection (37),
which is the main cause of death in recipients who survived >1 year
after transplantation, BOS is the most common form of chronic
rejection in lung transplantation, ≤50% of the subjects have BOS
within 5 years after transplantation (38). BOS is defined as a
decrease in forced expiratory volume in 1 second (FEV1) ≥20%
from the previous baseline, with evidence of airflow limitation mea-
sured by a ratio of FEV1/forced vital capacity of <0.7, and an
absence of opacities on chest imaging (39,40). Compared with
other types of solid organ transplantation, the incidence of acute
and chronic rejection after lung transplantation increased (41).

These patients may also have a higher risk of acute and
chronic rejection due to potential immune disorders and antibody-
mediated allograft injury. Takagishi et al evaluated the incidence of
graft rejection within 1 year after transplantation (14). Compared
with COPD patients (46.2%), CTD patients had a lower cumulative
rejection rate (33%; P = 0.0004), but there was no statistical differ-
ence compared with IPF patients (39.7%). Prieto-Peña et al found
that the incidence of acute graft rejection in CTD–ILD patients was
lower than that in IPF patients (P = 0.032), and the frequency of
chronic graft rejection was not statistically significant (P = 0.417)
(12). At the same time, Courtwright et al showed that there was
no significant difference in acute and chronic rejection between
patients with non-scleroderma connective tissue–related ILD and
those with IPF (16). However, non-scleroderma connective
tissue–related ILD is more likely to develop into BOS ≥2
(P = 0.002). Therefore, lung transplantation in CTD patients does
not have a higher incidence of rejection.

Infection. Allograft infection after lung transplantation has a
significant impact on the outcome. The increased susceptibility
of allograft to infection is due to its direct contact with inhaled
environmental microorganisms, immunosuppression, and
impaired clearance mechanism after denervation of the
transplanted lung. The possible microbial spectrum of allograft
infection after lung transplantation is very broad, usually includ-
ing Pseudomonas aeruginosa, cytomegalovirus, community-
acquired respiratory virus, and Aspergillus. The prophylactic
antibacterial treatment program after surgery can reduce the
incidence of infection. However, the prevention strategies used
by different transplant centers to reduce infection complications
are still heterogeneous (42). Findings from one study suggested
that lung infection was the main cause of death after lung
transplantation. The incidence of IPF was 65.3% (47 of 72),
non-myositis connective tissue–related ILD was 66.7% (8 of
12), and PM/DM–ILD was 66.7% (4 of 6) (20), but there was no
statistical difference.

Malignancy. Immunosuppression can induce tolerance,
increase the survival time of grafts, and prevent allograft rejection,
but at the same time, it can reduce the natural antitumor immune
response and increase the risk of malignant tumors (43). Cancer
is still the third most common cause of death in lung transplant
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recipients who have survived for >1 year. According to the data
from the registry of the International Society of Heart and Lung
Transplantation, the incidence of lung tumors in lung transplant
patients at 1, 5 and 10 years is 5.1%, 18.2% and 28.7%, respec-
tively. Its carcinogenic risk is considered to be directly related to
the cumulative dose of immunosuppression (44).

The study by Ameye et al included 5 patients with idiopathic
inflammatory myopathy (IIM)–associated ILD, 48 with IPF, and
37 with non-IPF– non-IIM–associated ILD, the incidence of malig-
nant tumors after lung transplantation was 40%, 12.5% and
18.9%, respectively (45). Because fewer IIM patients were
included in this study, the differences between groups were not
analyzed.

Pulmonary and extrapulmonary recurrence of CTD after lung

transplantation. Although CTD patients may benefit from
lung transplantation, there are also concerns that recurrence of
lung and extrapulmonary lesions may increase the posttransplant
mortality rate in these patients. Takagishi et al did not find recur-
rence of lung lesions, but 4 cases showed acute or subacute
arthritis attacks (3 had RA and 1 had SLE) after lung transplanta-
tion (14). Etanercept was stopped before transplantation and
used again at onset, and arthritis subsided within 2 weeks. In the
study by Park et al, during the follow-up period, a PM patient had
weakness of the upper and lower limbs and carbon dioxide reten-
tion (15). The results of nerve conduction velocity showed sensori-
motor polyneuropathy, and electromyography showed systemic
myopathy; symptoms improved after 2 weeks of increasing gluco-
corticoid dosage. One SLE patient presented with dyspnea, fever,
leukopenia, thrombocytopenia, and hypocomplementemia, and
the symptoms improved after 2 weeks of steroid administration
(1 mg/kg). This is not a serious complication. Courtwright et al sug-
gested that there was no significant difference in extrapulmonary
organ dysfunction between patients with non-scleroderma con-
nective tissue–related ILD and those with IPF (16). Yang et al found
no extrapulmonary recurrence (20). Generally speaking, no recur-
rence of lung lesions was found in these studies, and extrapulmon-
ary condition improved after drug treatment.

The CTD–ILD subgroup and lung transplantation

SSc and lung transplantation. SSc accounts for the majority of
patients with CTD–ILD, so there are many studies that regard
SSc patients as a subgroup of CTD–ILD. The study showed that
there was no significant difference in the cumulative survival time
between SSc and IPF patients who received treatment with lung
transplantation (46–55).The systematic review by Khan et al in
2012 summarized 7 observational studies from 1986 to 2012
and reported regarding 186 SSc patients (56). After transplanta-
tion, the survival rate in SSc was 69–91% at 30 days, 69–85%
at 6 months, 5–93% at 1 year, and 49–80% at 2 years. Until
now, the largest single-center study that had been published
(57), included 72 SSc patients and 311 patients with pulmonary

fibrosis caused by various causes except scleroderma. There is
no significant difference in the survival rate of the 2 groups after
transplantation in the first year (81% of scleroderma patients ver-
sus 79% of patients with pulmonary fibrosis; P = 0.743), and there
was no significant difference in the 5-year survival rate (66% ver-
sus 58%; P = 0.249); a body mass index (BMI) of ≥35 kg/m2 is a
significant predictor of 1-year survival rate, which suggests that it
is necessary for patients with a BMI of ≥35 kg/m2 to lose weight
before transplantation. Additionally, acute rejection and chronic
rejection were similar between the 2 groups.

Some experts worry that esophageal dysfunction and gastro-
paresis may increase the risk of aspiration, resulting in a higher
rejection rate and lower survival rate (58,59). Surprisingly, although
moderate-to-severe esophageal dyskinesia is almost common in
scleroderma patients, the detection rate of BOS in scleroderma
patients did not increase in Crespo et al’s study (57). Similarly, Sot-
tile et al evaluated the posttransplant outcomes of SSc–ILD
patients with esophageal involvement and those with non-CTD–
ILD, survival was comparable in patients with SSc–ILD (n = 23)
and those with non-CTD–ILD (n = 46) who underwent lung trans-
plantation (55). In the SSc–ILD group, 1- and 5-year survival was
compared with individuals in the non-CTD–ILD group (83% and
76%, 91% and 64%, respectively), there were no differences in
terms of rates of BOS and acute cellular rejection; esophageal dys-
function was not associated with worse outcomes (P > 0.55).
Therefore, severe GERD is not the contraindication of lung trans-
plantation in SSc (55).

However, the above studies did not report the relationship
between esophageal dyskinesia and survival of SSc patients.
Csucska et al reported that in the CTD cohort, the 1-year and
3-year survival rates in the preserved esophageal motility group
(100% and 87.5%, respectively) and ineffective esophageal motil-
ity group (100% and 85.7%, respectively) were significantly higher
compared with those in the absent esophageal motility group
(AEM) (50% and 20%, respectively; P < 0.001) (19). The 1-year
and 3-year survival rates in the AEM group (50% and 20%,
respectively) were significantly lower compared with those in the
non-CTD patient cohort matched with the lung allocation score
(92.5% and 65%, respectively; P = 0.001 and P = 0.012). There-
fore, it may be important to improve esophageal motility before
lung transplantation. Fisichella et al showed that esophageal pH
monitoring can predict survival status the severity of reflux in
patients with scleroderma awaiting lung transplantation; there-
fore, early consideration of esophageal pH monitoring may help
to identify those in whom laparoscopic anti-reflux surgery should
be performed faster to prevent GERD and harmful effects in
patients waiting for lung transplantation (60).

On the contrary, Bernstein et al conducted a retrospective
cohort study of 229 adult SSc patients, 201 PAH patients, and
3,333 ILD patients who received lung transplantation in the US
(61). The data were provided by the American Organ Sharing Net-
work. Compared with non–SSc-related ILD patients, the 1-year
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mortality rate in adults with SSc who received lung transplantation
increased by 48% after multivariate adjustment; however, the post-
operative (i.e., 30 days) or intermediate (i.e., 3 years) mortality rate
did not increase. There was no significant difference in 1-year mor-
tality risk between SSc patients and patients with non–SSc-related
PAH. The largest single-center retrospective cohort study in
Europe included 15 patients with SSc (8 with ILD, 4 with ILD and
PAH, and 3 with PAH), 198 patients with non–SSc-related ILD,
and 18 patients with non–SSc-related PH (54). The 1-year and
3-year cumulative survival rates of SSc group were 80% and 65%
respectively, and those in the non-SSc group were 78% and 63%
respectively, regardless of the degree of esophageal involvement.
Compared with non–SSc-related ILD or PH patients who under-
went lung transplantation, SSc patients who underwent lung trans-
plantation had no difference in 3-year mortality rate and cumulative
survival rate, and the common complications of acute cell rejection
and infection was not different between the 2 groups. PH had no
recurrence after lung transplantation. Moreover, the main cause of
death in all groups was sepsis. Therefore, compared with non-
SSc–ILD and non-SSC–PH patients, lung transplantation in sclero-
derma patients has the same short-term andmedium-term survival
rates, and there was no higher incidence of complications.

RA and lung transplantation. Yazdani et al compared the
posttransplant survival rates in 10 patients with RA–ILD, 53 with
IPF, and 17 with SSc–ILD. The 1-year cumulative survival rates
in the RA–ILD, IPF, and SSc–ILD groups were 67%, 69%, and
82% respectively, and there was no significant difference in the
1-, 2-, and 5-year survival rates after transplantation. Health-
related quality of life scores in RA–ILD and IPF patients were com-
pared before and after transplantation (62). It was found that the
quality of life in both groups significantly improved after lung trans-
plantation. Estimated using the Short Form 36 health survey
scores and St. George’s Respiratory Questionnaire (SGRQ) data,
compared between the first time after transplantation and the last
time before transplantation, SGRQ scores in 7 patients with
RA–ILD improved significantly, with the total SGRQ score increas-
ing from a mean ± SD of 70.4 ± 16.1 to 36.0 ± 18.5.

Inflammatory myopathies and lung transplantation. It is well
known that DM is often associated with malignant tumors. For
these reasons, lung transplantation is rarely reported. Ameye
et al analyzed 90 ILD patients who received transplantation at
the University Hospitals of Leuven from January 2004 to August
2013 (5 with IIM-related ILD, 48 with IPF-related ILD, 37 with
non-IIM– non-IPF–related ILD) (45). The 1-year, 2-year and
5-year survival rates of patients with IIM-related ILD receiving lung
transplantation treatment were 100%, 75%, and 75% respec-
tively (mean ± SD follow-up period of 32.6 ± 4.4 months), the
1-year, 2-year and 5-year survival rates in IPF patients were
86%, 67%, and 58% respectively (mean ± SD follow-up period
of 35.2 ± 3.9 months), and the 1-year, 2-year and 5-year survival
rates in patients with non-IPF– and non-IIM–related ILD
lung transplantation were 86%, 63%, and 57% respectively

(mean ± SD follow-up period of 40.6 ± 20.5 months); the 1-year,
2-year, and 5-year cumulative survival rates in IIM patients are
comparable to those in patients with non-IIM– non-IPF–related
ILD or those with IPF receiving lung transplantation treatment.

In terms of complications, 1 of 5 DM/PM patients had acute
rejection, and no chronic rejection was found. Two patients had
grade 1 PGD, 1 patient had grade 2 PGD, and the other patient
had grade 3 PGD. These results suggest that lung transplantation
may be an effective choice in carefully selected patients with
IIM-associated ILD. In terms of malignant tumors, 2 patients
developed skin basal cell carcinoma after successful lung trans-
plantation, and 1 patient developed bladder cancer 6 months
after transplantation and received cystoprostatectomy. The
patient developed esophageal cancer and right lung cancer again
16 months later and died 18 months later.

In 2022, Rivière et al suggested the 1-year, 3-year, and
5-year survival rates of IIM patients posttransplantation were
comparable to other lung transplantation indications (63). Com-
pared with patients with amyotrophic IIM, the survival rate of IIM
with muscle involvement at 1, 3, and 5 years after lung transplan-
tation is significantly worse. Dialysis during ICU hospitalization,
grade 3 PGD at 72 hours, IIM with muscle involvement, skin
involvement, and pre–lung transplantation immunosuppression
lines were associated with worse survival. The main predictor
was a history of muscle involvement. Five patients (8%) experi-
enced a recurrence of IIM, 3 of whom had slight peripheral muscle
involvement, and 2 of whom had specific skin damage. No
patients experienced ILD recurrence. The most common causes
of death in patients with IIM with muscle involvement are pneumo-
nia and septic shock.

Shoji et al reported the first living-donor lobar lung transplan-
tation in a patient with rapidly progressive diffuse interstitial pneu-
monia associated with clinically amyopathic DM (CADM) followed
up for 7 years, no malignant disease was found (64). Besides, the
anti–melanoma differentiation–associated gene 5 (anti–MDA-5)
antibody positivity present in 10–35% of patients is frequently
associated with CADM and a high risk of rapidly progressive ILD
(RPILD) (64). Retrospective studies report a mortality rate of
75–84% despite maximal treatment (65,66). Recently, 2 case
reports demonstrated the successful experience of lung
transplantation in therapy-resistant RPILD associated with
anti–MDA-5 antibody positive DM. Leclair et al reported that the
anti–MDA-5 antibody disappeared after lung transplantation
(67). After 12 years of follow-up, the patient was still in remission
and had no signs of rejection. Some pathogenesis hypotheses in
PM/DM indicate that after exposure to environmental factors such
as viral infection or smoking, the lung will have initial immune
response, leading to interruption of self-tolerance and autoim-
mune response (68). Under this assumption, lung transplantation
will remove the source of autoantigens, which explains that anti–
MDA-5 antibodies disappear in reported patients, and ILD or
DM symptoms do not recur (67). In the case report by Marchiset
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et al, no disease recurred after the 1-year follow-up (69), which
indicates that lung transplantation can be used as a lifesaving
means for RPILD related to anti–MDA-5 antibody positive DM.

SLE and lung transplantation. There is limited experience of
lung transplantation in SLE-related lung diseases. A single-center
retrospective cohort study conducted by Bush et al included
6 patients with SLE-related lung disease who underwent lung
transplantation from 1994 to 2014, 4 patients with SLE–ILD, and
2 patients with SLE–PH (70). There were no active extrapulmon-
ary manifestations of SLE before transplantation, 1 patient died
posttransplant, 4 patients developed acute rejection, 1 patient
developed BOS, and no SLE complications occurred after trans-
plantation, with a 3-year survival rate of 83% and median follow-
up time of 4 years. Therefore, in carefully selected patients, lung
transplantation treatment for SLE-related lung disease can also
achieve successful outcomes.

AAV and lung transplantation. There are few reports of lung
transplantation in severe AAV. Weinkauf et al reported a case of
rapidly progressive AAVwith lung and kidney involvement undergo-
ing emergency lung transplantation (71). The patient received an
intravenous drip of methylprednisolone (1,000 mg/day for a total
of 3 days), combined with cyclophosphamide treatment. Pulmo-
nary hemoptysis worsened and alveolar hemorrhage developed.
Subsequently, he underwent tracheal intubation, mechanical venti-
lation, and was admitted to the ICU and received continuous
hemofiltration and 5 consecutive plasmapheresis; the patient
received 1 rituximab (RTX) treatment (375 mg/m2), but pulmonary
hemorrhage and respiratory failure continued to worsen. The
patient began receiving extracorporeal membrane oxygenation
(ECMO) support and was listed as an emergency lung transplant
patient. Finally, the patient received bilateral lung transplantation.
The ECMO support was removed during surgery. After lung trans-
plantation, the patient received 3 RTX treatments once a week.
Renal function returned to normal after hemodialysis, and cytoplas-
mic ANCA gradually became negative; he remained well within
1,450 days posttransplantation, with no recurrence of AAV. There-
fore, lung transplantation may be an option in severe acute AAV
that results in respiratory failure after conservative treatment.

Conclusion

Lung transplantation can be used as a feasible treatment in
carefully selected patients with CTD. CTD should not be regarded
as a contraindication of lung transplantation. CTD patients who
meet the criteria for lung transplantation referral and listing should
be referred to a lung transplantation center as early as possible,
and the risk factors related to survival should be improved and
optimized before surgery. At present, almost all studies are retro-
spective studies, and fewer patients were included. With the
increase of lung transplantation in the world, lung transplantation
in CTD patients is expected to increase in the future. Because of
the heterogeneity of CTD, it is necessary to conduct more data

collection, comparison, and analysis in future prospective and
multicenter studies in each disease in CTD subgroups in order to
determine the prognosis and risk factors related to survival rate
in subgroups, which will help to select more suitable CTD candi-
dates and improve outcomes after lung transplantation.
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Erratum

In the article by Harkey et al in the March 2022 issue of Arthritis Care & Research (Prevalence of Early Knee

Osteoarthritis Illness Among Various Patient-Reported Classification Criteria After Anterior Cruciate Ligament

Reconstruction [pages 377−85]) all of the below corrected values are applicable to each uncorrected instance

in the text. The authors state that this slight change in the prevalence of early OA symptoms does not change

the overall discussion or conclusions.

Several values in the Results section of the Abstract were incorrectly shown as follows: A greater prevalence of

participants with ACLR met the Luyten original criteria (n = 165 [54%]) compared to those who met the Englund

original criteria (n = 128 [42%]; χ2 = 19.3, P < 0.001). When using the KOOS subscale PASS as thresholds, a

significantly greater prevalence of participants with ACLR met the Luyten PASS criteria (n = 133 [43%])

compared to those who met the Englund PASS criteria (n = 85 [28%]; χ2 = 48.0, P < 0.001). When combining

the Luyten and Englund KOOS criteria and using the original/PASS subscale thresholds, respectively,

40%/57% of participants met neither, 24%/15% met only 1, and 36%/28% met both KOOS criteria.

The correct Results section should read as follows: A greater prevalence of participants with ACLR met the Luyten

original criteria (n = 107, 36%) compared to those who met the Englund original criteria (n = 72, 24%; χ2 = 24.0,

P < 0.001). When using the KOOS subscale PASS as thresholds, a significantly greater prevalence of participants

with ACLR met the Luyten PASS criteria (n = 126, 42%) compared to those who met the Englund PASS criteria

(n = 73, 24%; χ2 = 53.0, P < 0.001). When combining the Luyten and Englund KOOS criteria and using the

original/PASS subscale thresholds, respectively, 62%/58% of participants met neither, 17%/18% met only one,

and 21%/24% met both KOOS criteria.

The following sentence in the Conclusion of the Abstract was incorrect: Regardless of the classification criteria used

to define early OA illness, it is concerning that 28–54% of patients report considerable symptoms �6 months

post-ACLR.

The correct sentence should read as follows: Regardless of the classification criteria used to define early OA illness,

it is concerning that 24–42% of patients report considerable symptoms at �6 months post-ACLR.

The following sentences in the Significance & Innovations sections were incorrect:

At 5–7 months post–anterior cruciate ligament reconstruction (ACLR), 54% and 42% of people report a level of

self-reported disability that meets the Luyten original and Englund original Knee Injury and Osteoarthritis

Outcomes Score (KOOS) criteria for early knee osteoarthritis (OA) illness, respectively. After refining the Luyten

and Englund KOOS criteria by using post-ACLR specific patient acceptable symptom state (PASS) as KOOS

subscale thresholds,43% and 28% of people, respectively, present with self-reported early OA illness. By

combining the Luyten original and Englund original KOOS criteria into a single composite early knee OA illness

variable and using the original/PASS subscale thresholds, respectively, we identified that 36%/28% of partici-

pants meet both, 24%/15% meet one, and 40%/57% meet neither of the original/PASS KOOS criteria.

The correct sentences should read as follows: At 5–7 months post–anterior cruciate ligament reconstruction

(ACLR), 36% and 24% of people report a level of self-reported disability that meets the Luyten original and

Englund original Knee Injury and Osteoarthritis Outcomes Score (KOOS) criteria for early knee osteoarthritis

(OA) illness, respectively. After refining the Luyten and Englund KOOS criteria by using post-ACLR specific

patient acceptable symptom state (PASS) as KOOS subscale thresholds,42% and 24% of people, respec-

tively, present with self-reported early OA illness. By combining the Luyten original and Englund original KOOS

criteria into a single composite early knee OA illness variable and using the original/PASS subscale thresholds,
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respectively, we identified that 21/24% of meet both, 17/18% meet one, and 62/58% meet neither of the

Original/PASS KOOS criteria.

The following sentence in the Methods section was incorrect: This was a secondary analysis of patient-reported
outcomes collected for ongoing research at Michigan State University (n = 123), the University of Virginia (n = 55),
and Creighton University (n = 128).

The correct sentence should read as follows: This was a secondary analysis of patient-reported outcomes collected
for ongoing research at Michigan State University (n = 117), the University of Virginia (n = 55), and Creighton
University (n = 128).

The following sentence in the Methods section was incorrect: Because time since ACLR may influence patient-
reported outcomes, we performed a post hoc stratified analysis that repeated the analyses in participants who were
at the 5-month time point post-ACLR (n = 109), as well as in participants who were at the 6- or 7-month time point
post-ACLR (n = 197).

The correct sentence should read as follows: Because time since ACLR may influence patient-reported outcomes,
we performed a post hoc stratified analysis that repeated the analyses in participants who were at the 5-month time
point post-ACLR (n = 106), as well as in participants who were at the 6- or 7-month time point post-ACLR (n = 194).

The following sentences in the Discussion section were incorrect: Interestingly, the percentage of participants from
this study who fit into the probable early knee OA illness category using the original KOOS criteria (36%) is similar to
the prevalence of magnetic resonance imaging evidence of early knee OA at 1 year post-ACLR (31%) (27), radio-
graphic knee OA at 10 years post-ACLR (36%) (5), and unacceptable symptoms at 1, 2, and 6 years post-ACLR
(33–43%) (7,22). An important next step will be to determine if the presence of probable early knee OA illness is
associated with a greater risk of developing incident OA–related structural pathology.

The correct sentences should read: Interestingly, the percentage of participants from this study who fit into the early
knee OA illness category using the Luyten original KOOS criteria (36%) is similar to the prevalence of magnetic res-
onance imaging evidence of early knee OA at 1 year post-ACLR (31%) (27), radiographic knee OA at 10 years post-
ACLR (36%) (5), and unacceptable symptoms at 1, 2, and 6 years post-ACLR (33–43%) (7,22). An important next
step will be to determine if the presence of early knee OA illness is associated with a greater risk of developing inci-
dent OA–related structural pathology.

The following sentences in the Discussion section were incorrect: A lower prevalence of definite and probable early
knee OA illness when using the PASS KOOS criteria (28% and 15%) compared to the prevalence using the original
KOOS criteria (36% and 24%; Table 2), respectively. Additionally, 35% of people were classified differently between
the original KOOS criteria and our refined PASS KOOS criteria (see Supplementary Table 1, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24809/abstract). Specifically, 22% of par-
ticipants characterized as having possible/probable early knee OA illness with the original KOOS criteria were
characterized as having no early knee OA illness when using the PASS KOOS criteria.

The correct sentences should read: A similar prevalence of probable and possible early knee OA illness when using
the PASS KOOS criteria (24% and 18%) compared to the prevalence using the original KOOS criteria(21% and
17%; Table 2), respectively. Additionally, 29% of people were classified differently between the original KOOS
criteria and our refined PASS KOOS criteria (see Supplementary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24809/abstract). Specifically, 13% of participants charac-
terized as having possible/probable early knee OA illness with the original KOOS criteria were characterized as
having no early knee OA illness when using the PASS KOOS criteria.

The values in Tables 2–5 were incorrect. Below are corrected Tables 2–5.
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Table 2. Prevalence of the Luyten original and Englund original KOOS criteria for early knee OA illness in participants
post-ACLR*

Englund original KOOS criteria

No early OA illness Early OA illness Total

Luyten original KOOS criteria
No early OA illness 185 (62) 8 (3) 193 (64)
Early OA illness 43 (14) 64 (21) 107 (36)
Total 228 (76) 72 (24) 300

* Values are the number (%). ACLR = anterior cruciate ligament reconstruction (see Table 1 for other definitions).

Table 3. Demographic characteristics across each combination of meeting the Luyten original and Englund original
KOOS criteria for early OA illness*

Demographic characteristics
Overall
cohort

Did not meet
Luyten or

Englund criteria

Met Luyten/did not
meet Englund

criteria; Did not meet
Luyten/met Englund criteria

Met Luyten
and Englund

criteria

No. of participants 300 185 51 64
Female, no. (%) 160 (53) 100 (54) 26 (51) 34 (53)
Age, years 20.0 ± 4.9 19.0 ± 3.9 19.9 ± 4.9 23.2 ± 6.0
BMI (kg/m2) 24.8 ± 4.5 24.6 ± 4.5 24.3 ± 3.6 25.9 ± 5.0
Time post-ACLR, months 6.2 ± 0.6 6.2 ± 0.6 6.2 ± 0.7 6.2 ± 0.6
Preinjury Tegner score
(range 0–10), median (IQR)†

9 [7,9] 9 [8,10] 9 [7,10] 8 [7,9]

IKDC (range 0–100) 81.6 ± 11.7 88.6 ± 8.2 78.7 ± 7.7 69.3 ± 12.9
KOOS subscales (range 0–100)‡
QOL 65.7 ± 19.1 72.5 ± 17.3 59.3 ± 15.6 51.1 ± 17.0
Pain 92.2 ± 8.3 96.2 ± 4.0 91.1 ± 6.3 81.5 ± 9.4
Symptoms 86.1 ± 12.1 92.9 ± 6.4 78.8 ± 10.9 72.2 ± 10.3
ADL 97.4 ± 6.6 99.2 ± 1.6 97.5 ± 3.2 92.0 ± 12.4
Sport 91.7 ± 9.2 93.4 ± 6.6 92.2 ± 7.7 86.6 ± 13.8

* Values are the mean ± SD unless indicated otherwise. ACLR = anterior cruciate ligament reconstruction;
BMI = body mass index; IKDC = International Knee Documentation Committee Subjective Knee Form (lower score
indicates worse function); IQR = interquartile range (see Table 1 for other definitions).
† Based on the Tegner Activity Scale, which includes a one-item score, grading based on level of work and sports
activities.
‡ For the Knee Injury and Osteoarthritis Outcome Score (KOOS), lower score indicates worse outcome.

Table 4. Prevalence of the Luyten and Englund PASS KOOS criteria for early knee OA illness in participants post-
ACLR using PASS as thresholds for each KOOS subscale*

Englund PASS KOOS criteria

No early OA illness Early OA illness Total

Luyten PASS KOOS criteria
No early OA illness 174 (58) 0 (0) 174 (58)
Early OA illness 53 (18) 73 (24) 126 (42)
Total 227 (76) 73 (24) 300

* Values are the number (%) of participants. ACLR = anterior cruciate ligament reconstruction; KOOS = Knee Injury
and Osteoarthritis Outcome Score; OA = osteoarthritis; PASS = patient acceptable symptom state.
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Table 5. Demographic characteristics across each combination of meeting the Luyten PASS and Englund PASS
KOOS criteria for early OA illness*

PASS KOOS criteria

Characteristics
Did not Luyten or
Englund criteria

Met Luyten, did not
meet Englund criteria

Met Luyten and
Englund criteria

No. of participants 174 53 73
Female sex, no. (%) 94 (54) 29 (55) 37 (51)
Age, years 19.2 ± 4.4 19.7 ± 4.3 22.2 ± 5.8
BMI (kg/m2) 24.6 ± 4.5 25.0 ± 4.0 25.3 ± 4.9
Time post-ACLR, months 6.2 ± 0.7 6.2 ± 0.6 6.1 ± 0.6
Preinjury Tegner (range 0–10),
median (IQR)†

9 [8,10] 9 [7,9] 9 [7,9]

IKDC (range 0–100) 87.4 ± 8.1 79.9 ± 6.4 68.9 ± 11.6
KOOS subscales (range 0–100)‡
QOL 75.2 ± 16.1 59.4 ± 13.4 47.5 ± 13.6
Pain 96.7 ± 3.4 91.2 ± 6.1 82.1 ± 9.0
Symptoms 90.8 ± 9.0 84.0 ± 10.2 76.4 ± 13.6
ADL 99.5 ± 1.5 95.9 ± 12.4 93.4 ± 6.1
Sport 94.2 ± 4.8 92.5 ± 6.4 85.3 ± 14.4

* Values are the mean ± SD unless indicated otherwise. ACLR = anterior cruciate ligament reconstruction;
ADL = activities of daily living; BMI = body mass index; IKDC = International Knee Documentation Committee
Subjective Knee Form (lower score indicates worse function); IQR = interquartile range; QOL = quality of life.
† Based on the Tegner Activity Scale, which includes a one-item score, grading based on level of work and sports
activities.
‡ For the Knee Injury and Osteoarthritis Outcome Score (KOOS), lower score indicates worse outcome.
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