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2022 American College of Rheumatology Guideline for the
Prevention and Treatment of Glucocorticoid-Induced
Osteoporosis

Mary Beth Humphrey,1* Linda Russell,2* Maria I. Danila,3 Howard A. Fink,4 Gordon Guyatt,5 Michael Cannon,6

Liron Caplan,7 Sara Gore,8 Jennifer Grossman,9 Karen E. Hansen,10 Nancy E. Lane,11 Nina S. Ma,12

Marina Magrey,13 Tim McAlindon,14 Angela Byun Robinson,15 Sumona Saha,10 Charles Womack,8

Basma Abdulhadi,3 Julia F. Charles,16 Jonathan T. L. Cheah,17 Sharon Chou,16 Itivrita Goyal,1 Katherine Haseltine,2

Lesley Jackson,3 Reza Mirza,5 Iram Moledina,3 Emma Punni,1 Tim Rinden,18 Marat Turgunbaev,19

Katherine Wysham,20 Amy S. Turner,19 and Stacey Uhl21

Objective. The objective is to update recommendations for prevention and treatment of glucocorticoid-induced
osteoporosis (GIOP) for patients with rheumatic or nonrheumatic conditions receiving >3 months treatment with gluco-
corticoids (GCs) ≥2.5 mg daily.

Methods. An updated systematic literature review was performed for clinical questions on nonpharmacologic,
pharmacologic treatments, discontinuation of medications, and sequential therapy. Grading of Recommendations
Assessment, Development and Evaluation approach was used to rate the certainty of evidence. A Voting Panel
achieved ≥70% consensus on the direction (for or against) and strength (strong or conditional) of recommendations.

Results. For adults beginning or continuing >3 months of GC treatment, we strongly recommend as soon as pos-
sible after initiation of GCs, initial assessment of fracture risks with clinical fracture assessment, bone mineral density
with vertebral fracture assessment or spinal x-ray, and Fracture Risk Assessment Tool if ≥40 years old. For adults at
medium, high, or very high fracture risk, we strongly recommend pharmacologic treatment. Choice of oral or intrave-
nous bisphosphonates, denosumab, or parathyroid hormone analogs should be made by shared decision-making.
Anabolic agents are conditionally recommended as initial therapy for those with high and very high fracture risk. Rec-
ommendations are made for special populations, including children, people with organ transplants, people who may
become pregnant, and people receiving very high-dose GC treatment. New recommendations for both discontinuation
of osteoporosis therapy and sequential therapies are included.

Conclusion. This guideline provides direction for clinicians and patients making treatment decisions for manage-
ment of GIOP. These recommendations should not be used to limit or deny access to therapies.

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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INTRODUCTION

Glucocorticoids (GCs) remain a common therapeutic
modality for patients with a variety of diseases. Prevention of
GC-induced bone loss and fractures has been a focus of the
American College of Rheumatology (ACR) for many years
because patients with osteoporotic fractures have increased risk
of morbidity and mortality (1–4). It is estimated that 1% of the US
population is treated with long-term GCs (5). GC doses ≥2.5
mg/day increase fracture at both the spine and hip, and GC
<2.5 mg/day increase the risk of spinal fractures (6). Both high
daily (≥30 mg/day) and high cumulative (≥5 g/year) doses of
GCs further increase the risk of fragility fractures, with peak inci-
dence at 12 months (7–11). The highest rate of bone loss occurs
within the first 3 to 6 months of GC treatment, due to early osteo-
clast activation followed by decreased osteoblast proliferation
and increased apoptosis of osteoblasts and osteocytes (12). In
children, GCs adversely affect bone strength, growth, and peak
bone mass, with increased fracture risk (11,13–15). However,
children (16) and young adults often regain lost bone when GCs
are discontinued (17).

Despite increasing treatment options to prevent and treat
glucocorticoid-induced osteoporosis (GIOP), many GC-treated
patients are not evaluated or treated, resulting in preventable frac-
tures (18,19). Risk calculators provide estimates of the 10-year
risk of major osteoporotic fractures (MOFs) and hip fractures
among individuals ≥40 years of age, with adjustment for GC
doses >7.5 mg/day or <2.5 mg/day in some calculators (20–22).
Of note, the Fracture Risk Assessment Tool (FRAX) is not vali-
dated for adults <40 years. These calculators underestimate frac-
ture risk for patients on very high doses of GC therapy (eg, ≥ 30
mg/day) and do not adequately include frailty, multiple fractures,
or fall history.

The ACR first published recommendations for prevention
and treatment of GIOP in 1996 (23). ACR updated these guide-
lines in 2001, 2010, and 2017 as new techniques for assessing
fracture risk, risk factors, and therapies became available
(23–26). This guideline updated the literature search from April

23, 2016, through January 24, 2022, and it includes two medica-
tions newly US Food and Drug Administration (FDA)-approved for
OP treatment since the 2017 guideline.

METHODS

This guideline follows the ACR guideline development pro-
cess and ACR policy guiding management of conflicts of interest
and disclosures (https://www.rheumatology.org/Practice-
Quality/Clinical-Support/Clinical-Practice-Guidelines), including
use of Grading of Recommendations Assessment, Development
and Evaluation (GRADE) methodology (27,28) and adherence to
Appraisal of Guidelines for Research and Evaluation (AGREE) cri-
teria (29). Supplementary Appendix 1, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/
doi/10.1002/acr.25240/abstract, includes a detailed description
of the methods. Briefly, the Core Leadership Team (MBH, LR,
MID, HAF, GG, SU) reviewed the 2017 ACR GIOP guideline clini-
cal Patient/Intervention/Comparator/Outcomes (PICO) questions,
modified and drafted new PICO questions in topic areas not cov-
ered previously (eg, abaloparatide, romosozumab, combination
and sequential therapy) (see Supplementary Appendix 2, http://
onlinelibrary.wiley.com/doi/10.1002/acr.25240/abstract). The Lit-
erature Review Team updated the systematic literature reviews for
each of the previous PICO questions and/or performed new ones
for new questions, graded the quality of evidence (high, moderate,
low, very low), and produced the evidence report (see Supple-
mentary Appendix 3, http://onlinelibrary.wiley.com/doi/10.1002/
acr.25240/abstract). The resulting evidence was reviewed, and
recommendations were formulated and voted on by an expert
Voting Panel. A virtual Patient Panel of three patients with GIOP
and one parent of a child treated with GCs reviewed the evidence
with a co-principal investigator (LR) and provided patient perspec-
tives and preferences for consideration by the Voting Panel. Vot-
ing Panel consensus required ≥70% agreement on both
direction (for or against) and strength (strong or conditional) of
each recommendation. Rosters of the Core Leadership Team,
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Literature Review Team, Voting Panel, and Patient Panel are
included in Supplementary Appendix 4, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.25240/abstract. This study did not involve human
subjects and, therefore, approval from Human Studies Commit-
tees was not required.

RECOMMENDATIONS

How to interpret the recommendations

According to GRADE, a strong recommendation is usually
supported by moderate- to high-certainty evidence, including
randomized control trials, the recommended course of action
would apply to all or almost all patients, and there is high confi-
dence that the benefits of the intervention clearly outweigh the
harms (or vice versa). In rare instances, a strong recommendation
or best practices may be made with very-low certainty evidence if
the recommendation is considered benign, low cost, and without
harms.

A conditional recommendation is supported by lower
certainty evidence, has uncertainty regarding the balance of
benefits and harms, is sensitive to individual patient prefer-
ences, or has costs expected to impact the decision. Thus,
conditional recommendations warrant shared decision-
making with the patient. Notably, most evidence reviewed in
this guideline is downgraded for indirectness because 1) identified
studies in GIOP rely on a surrogate fracture riskmarker, bonemineral
density (BMD), because they were not powered for fracture out-
comes and 2) available fracture data were exclusively or predomi-
nantly from general osteoporosis (OP) studies.

Key recommendations

1. As soon as possible after initiation of ≥2.5 mg/day GC
treatment for >3 months, screening for fracture risk in
patients ≥40 years of age should be assessed by using
FRAX and by performing BMD using dual-energy x-ray
absorptiometry (DXA) with vertebral fracture assessment
(VFA) testing or spinal x-rays. BMD with VFA testing or
spinal x-ray is advised in patients <40 years, as FRAX is
not validated in this population.

2. Adequate age-appropriate dietary and supplemental
intake of calcium and vitamin D, weight-bearing exercise,
and avoidance of smoking and excessive alcohol intake
is encouraged for all patients receiving GCs.

3. All adult patients with medium, high, or very high fracture
risk should be offered OP therapy.

4. Oral bisphosphonates (BP) are strongly recommended
over no treatment in high or very high fracture risk adults.

5. For adults with very high fracture risk, anabolic agents
(parathyroid hormone [PTH] and PTH-related protein

[PTHrP]) are conditionally recommended over antiresorp-
tive agents (BP or denosumab [DEN]).

6. In adults ≥40 years of age at high risk of fracture, DEN or
PTH/PTHrP are conditionally recommended over BP.

7. In adults at moderate risk of fracture, oral or intravenous
(IV) BP, DEN, and PTH/PTHrP are conditionally
recommended.

8. Include in decision-making that sequential OP treatment
is recommended to prevent rebound bone loss and verte-
bral fractures after discontinuation of DEN, romosozu-
mab, and PTH/PTHrP.

Table 1 presents the definitions of terms used in the recom-
mendations and a synopsis of the age-based recommendations
for fracture risk assessment and treatments.

Recommendations for fracture risk assessment
(Figure 1)

For all adults (≥18 years old) initiating or continuing GC
therapy ≥2.5 mg/day for >3 months, we strongly recom-
mended initial clinical fracture risk assessment including
symptomatic and asymptomatic fracture history, FRAX (age
≥40 only), and BMD with VFA or spine x-rays over no assess-
ment (PICO 8.1–8.4).

These strong recommendations are based on good clinical
practice and the need for clinicians to risk stratify patients begin-
ning or continuing GC therapy, despite the low certainty of the evi-
dence. Initial assessment should occur as soon as possible within
6 months of GC therapy initiation. Clinical fracture risk assess-
ment includes dose, duration, and pattern of GC use, alcohol
use, smoking history, hypogonadism, history of prior fractures
(traumatic, fragility, asymptomatic), low body weight, significant
weight loss, parental history of hip fracture, fall history, thyroid dis-
ease, hyperparathyroidism, rheumatoid arthritis, malabsorption,
chronic liver disease, and inflammatory bowel disease (Figure 1).
BMD with VFA or spinal x-rays are strongly recommended, and,
for adults ≥40 years old, FRAX analysis is also recommended.
(Figure 1). If prednisone dose is >7.5 mg daily, FRAX GC correc-
tion is recommended (Table 1, Figure 1) (21); however,
even this adjustment may not correct for very high doses of GC
(≥30 mg/day) (30). Additionally, FRAX does not incorporate falls,
number or timing of fractures, or frailty that may put a person at
higher risk of fracture. BMD assessment provides a strong predic-
tor of fracture risk and serves as a baseline for reassessment
because FRAX analysis is not validated for fracture risk reassess-
ment during OP therapy. Trabecular bone score (TBS) provides a
more sensitive measure of therapeutic responses to OP treatment
(31). BMD measurement is strongly recommended for patients
<40 years on GCs ≥2.5 mg/day with one or more osteoporotic
risk factors. In this age group, z-scores ≤ −2.0 indicates low bone
mass for age. Unlike t-scores, z-scores do not provide an
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estimate of fracture risk because adults <40 years have low
fracture risk at baseline.

This guideline did not include specific PICO questions con-
cerning DXA or spinal imaging in children beginning or continuing

chronic GC therapy, but the Voting Panel discussed this popula-
tion. Despite uncertainty about initial DXA or screening spine
radiographs, we recommend spine x-ray in children with back
pain (32). However, the totality of a child’s clinical presentation

Table 1. Definitions of selected terms used in the recommendations and upgraded position statements for GIOP*

Term Adults ≥40 years of age Adults <40 years of age

MOF Nontraumatic or pathological fractures of the spine,
hip, wrist, or humerus

Nontraumatic or pathological fractures of the spine,
hip, wrist, or humerus

Clinical fracture risk
assessment

History of GC use, evaluation for falls, fractures, frailty,
secondary causes of OP, FRAX with GC adjustment,
BMD with VFA or spinal x-ray

History of GC use, evaluation for falls, fractures,
frailty, secondary causes of OP, BMD with VFA or
spinal x-ray (FRAX not validated at age <40 years)

Follow-up risk assessment
during GC treatment

BMD with VFA or spinal x-ray every 1–2 years during
OP therapy; BMD with VFA or spinal x-ray every
1–2 years after OP therapy is discontinued

BMD with VFA or spinal x-ray every 1–2 years during
treatment; BMD with VFA or spinal x-ray every
1–2 years after OP therapy is discontinued

FRAX GC correction If GC dose is >7.5 mg/day, multiply the 10-year risk of
MOF by 1.15 and the hip fracture risk by 1.2†

Not applicable as FRAX is not validated in this age
group

Very high fracture risk Prior OP fracture(s) OR BMD t-score ≤−3.5 OR FRAX
(GC-Adjusted) 10-year risk of MOF ≥30% or hip
≥4.5% OR high GC ≥30 mg/day for >30 days OR
cumulative doses ≥5 g/y

Prior fracture(s) OR GC ≥30 mg/day OR cumulative
≥5 g/y

High fracture risk BMD t-score ≤−2.5 but >−3.5 OR FRAX (GC Adjusted)
10-year risk of MOF ≥20% but <30% or hip ≥3% but
<4.5%

–

Moderate fracture risk FRAX (GC-Adjusted) 10-year risk of MOF ≥10 and
<20%, hip >1 and <3% OR BMD t-score between −1
and −2.4

Continuing GC treatment ≥7.5 mg/day for ≥6 months
AND BMD z-score < −3 OR significant BMD loss
(more than the least significant change of DXA)

Low fracture risk FRAX (GC-Adjusted) 10-year risk of MOF <10%, hip <1
%, BMD >−1.0

None of the above risk factors other than GC
treatment

Recommended treatment
strategy

Adults ≥40 years at moderate, high, or very high
risk of fracture

Adults <40 years at moderate or very high risk of
fracture

Calcium and vitamin D Optimized intake of dietary and supplemental calcium and vitamin D based on age-appropriate US
Recommended Dietary Allowances

BP (Alendronate [oral],
Risedronate [oral];
Ibandronate [oral/ IV],
Zoledronic acid [IV])

We strongly recommend OP treatment for those at
moderate, high, or very high risk of fracture. We
strongly recommend oral BP over no treatment in
high and very high fracture risk due to fracture
reduction in GIOP. We conditionally recommend IV
BP, ROM, RAL over no treatment in high and very
high risk of fracture. In moderate risk, we
conditionally recommend BP, DEN, or PTH/PTHrP in
no preferred order among these agents.

We conditionally recommend treatment for those at
moderate or very high risk of fracture with oral or
IV BP,‡ PTH/PTHrP,§ or DEN§#

PTH/PTHrP Agonists (TER, ABL,
Anti-RANKL, DEN)

We conditionally recommend PTH/PTHrP over anti-
resorptives in patients at very high risk of fracture.
We conditionally recommend DEN§# or PTH/PTHrP
over oral and IV BP in high risk of fracture. In
moderate risk, we conditionally recommend BP,
DEN, or PTH/PTHrP in no preferred order among
these agents.

–

Selective estrogen receptor
modifier (RAL), Anti-
sclerostin (ROM)

We conditionally recommend IV BP, ROM, RAL over no
treatment in high and very high risk of fracture.
Except in patients intolerant of other agents, we
conditionally recommend against RAL due to harms
of VTE and fatal stroke or ROM due to uncertain
harms with increased myocardial infarction, stroke
and death.

We conditionally recommended against RAL due to
harms of VTE and fatal stroke or ROM due to
uncertain harms including increased myocardial
infarction, stroke and death

* ABL = Abaloparatide; BMD = bonemineral density; BP = bisphosphonate; DEN = Denosumab; FRAX = Fracture Risk Assessment Tool; GC = glu-
cocorticoid; MOF =major osteoporotic fracture; PTH = parathyroid hormone; PTHrP = PTH-related protein; RAL = Raloxifene; RANKL = Receptor
activator of NF-κβ-Ligand; ROM = Romosozumab; TER = Teriparatide; VTE = venous thromboembolism.
† FRAX GC correction example: if hip fracture risk is 2.0% multiply by 1.2 for adjusted risk = 2.4%.
‡ Use with caution in patients who may become pregnant due higher potency and longer half-life in fetal bones.
§ Avoid in young adults with open growth plates.
# Use with caution in patients of child-bearing potential due to potential fetal harm. Avoid pregnancy for 5 months after last dose.
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(eg, age at diagnosis, growth, body mass index [BMI], disease
severity, GC dosing, BMD, symptomatic or asymptomatic verte-
bral compression fractures) should be taken into account when
considering assessment for OP therapy (16).

As in prior guidelines, we used risk categories of low,
moderate, and high using DXA and/or FRAX assessments
(see Table 1). Similar to other recent OP guidelines (33-35)
(United Kingdom National Osteoporosis Guideline Group
[NOGG], American Association of Clinical Endocrinologists
[AACE], Brazilian Society of Endocrinology and Metabolism
[SBEM]), we further identified a very high risk group with prior
osteoporotic fractures, very low BMDs, very high FRAX risks,
or high daily dose or high cumulative doses of glucocorticoids.

Recommendations for reassessment of fracture
risk (Figure 2)

For adults continuing chronic GC ≥2.5 mg/day but <7.5
mg/day and assessed as low fracture risk, who were not rec-
ommended to start therapy, or moderate fracture risk who
chose not to start OP therapy (except calcium and vitamin
D), we strongly recommend fracture risk reassessment every
1 to 2 years (PICO 9.1–9.4).

Despite the low certainty of the evidence, this is a
strong recommendation as good clinical practice. Fracture
risk reassessment includes clinical fracture risk history,
new symptomatic fractures, FRAX, BMD, VFA, and/or spine
x-rays. Repeating DXA assessment every 1 to 2 years allows
providers to detect the least significant BMD change accord-
ing to their DXA machine, triggering the need to start OP
therapy.

For adults continuing chronic GC ≥2.5 mg/day and
assessed as moderate, high, or very high fracture risk who
are continuing OP therapy ≥1 year, we strongly recommend
fracture risk re-assessment every 1 to 2 years over no risk
reassessment (PICO 9.5–9.12).

Despite the low certainty of the evidence, this is a strong
recommendation as good clinical practice. Reassessment
allows providers to determine if patients continuing GC and OP
therapy are maintaining, gaining, or losing BMD, warranting pos-
sible changes in OP therapy. Yearly BMD assessment until a
stable BMD is reached may be preferred in very high fracture risk
patients.

For adults stopping GC and remaining at moderate,
high, or very high fracture risk, we strongly recommend con-
tinuing OP therapy (PICO 12.1–12.6).

Figure 1. Initial fracture risk assessment. GC = glucocorticoid; MOF = major osteoporotic fracture; VFA = vertebral fracture assessment.
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Figure 2. Fracture risk re-assessment for patients continuing chronic GC ≥2.5 mg/day for >3 months. DXA = dual-energy x-ray absorptiometry;
MOF = major osteoporotic fracture; VFA = vertebral fracture assessment. Color figure can be viewed in the online issue, which is available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25240/abstract.

Recommendations for initial treatment (Table 2,
Figure 3)

For all adults and children beginning or continuing

chronic GC at a dose of ≥2.5 mg/day for >3 months, we con-

ditionally recommended optimizing age appropriate dietary

and supplemental calcium and vitamin D, in addition to life-

style modifications (PICO 1.1–1.3, 2.1–2.3, 3.1–3.3, 4.1–4.3,

5.1–5.3, 6.1–6.3, 7.1–7.4).
The evidence for calcium and vitamin D supplementation for

fracture reduction in GIOP is low to very low. Dietary and supple-

mented elemental calcium intake of up to 1,000 to 1,200 mg daily

is recommended for adults (36) and between 1,000 and

1,300 mg daily based on age of the child. Serum vitamin D levels

should be monitored, and vitamin D supplemented to maintain

serum vitamin D 25(OH)D levels ≥30 to 50 ng/mL; 600 to 800 IU

daily or more is typically required. Lifestyle modifications include

smoking cessation, limiting alcohol to ≤2 servings a day, eating a

balanced diet, maintaining weight in the recommended range,

and performing regular weight-bearing or resistance training

exercises. All subsequent recommendations refer to adults and
children beginning or continuing chronic GCs at a dose of ≥2.5
mg/day for >3 months and assume the use of calcium,
vitamin D, and lifestyle modifications.

For adults ≥40 years with high or very high fracture risk,
we strongly recommended treatment with OP therapy over
treatment with calcium and vitamin D alone (PICO 1).

For adults ≥40 years with very high fracture risk, we con-
ditionally recommend PTH/PTHrP over anti-resorptives
(BP or DEN) (PICO 1.13c, 1.14c, 1.15c, 1.18c, 1.19c, 1.20c).

Compared to alendronate, teriparatide increased lumbar and
hip BMD and decreased vertebral but not nonvertebral fractures
at 36 months in GIOP (37,38). Bone anabolic effect is blunted
when treatment follows anti-resorptive therapy.

For adults ≥40 years with high or very high fracture risk, we
strongly recommended oral BP (16) over no treatment (PICO 1).

A strong recommendation for oral BP is based on studies show-
ing a reduction in total and vertebral fractures at 24 months and
increased hip and lumbar spine BMD compared to calcium and vita-
min D alone in GIOP (evidence report, Appendix S3, page 16).
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Table 2. Recommendations for initial treatment for prevention of GIOP in adults beginning long-term GC therapy*

Recommendations for patients taking prednisone
≥2.5 mg/day for >3 months

Certainty
of

evidence
PICO evidence
report basis

Evidence
Report, pp

For adults and children beginning or continuing chronic GC treatment at low,
moderate, high, or very high risk of fracture, we conditionally recommend
optimizing dietary and supplemental calcium and vitamin D in addition to
lifestyle modifications

Low or
very
low

1.1a,b,c–1.3a,b,c,
2.1–2.3, 7.16–7.26

6–8, 47–48, 63–65,
141–144,148–151

In adults ≥40 years†

For adults ≥40 years with high or very high fracture risk, we strongly
recommend OP therapy over no treatment. Agents to use include oral BP,‡

IV BP,§ PTH/PTHrP,§ DEN,§ RAL, or ROM.

Low or
very
low

1.4c–1.28c 6–50

For adults ≥40 years with very high fracture risk, we conditionally recommend
PTH/PTHrP over anti-resorptive (DEN, BP) treatment.

Low 1.13c–1.20c 49–50

For adults ≥40 years with high fracture risk, we conditionally recommend
PTH/PTHrP or DEN over BP treatment.

Low 1.13c–1.20c 49–50

For adults ≥40 years with high or very high fracture risk, we strongly
recommend oral BP over no treatment.

Low 1.4c 8–18

For adults ≥40 years with high or very high fracture risk, we conditionally
recommend using ROM or RAL in patients intolerant of other agents.

Very low 1.16c, 1.21c, 1.28c 50

For adults ≥40 years with high or very high fracture risk, we conditionally
recommend against using two different OP medications.

Very low 1.29–1.35 53–62

For adults ≥40 years with moderate fracture risk, we conditionally recommend
against ROM except for in patients intolerant of other agents, due to risk of
myocardial infarction, stroke, or death.

Very low 1.12b, 1.16b, 1.17b,
1.21b–1.25b, 1.28b

40–41, 44–47

For adults ≥40 years with low fracture risk, we strongly recommend against OP
medications due to known risk of harms and no evidence of benefit.

Very low 4.4a–4.13a 91–101

Adults receiving high-dose GC (initial dose ≥30 mg/day for >30 days or cumulative dose ≥5 g in 1 year)
We conditionally recommend treating with PTH/PTHrP over anti-resorptives. Low 6.1b–6.19a 120–141
Oral BP are strongly recommended over no treatment. Low 6.1b–6.19a 120–141
IV BP and DEN are conditionally recommended over no treatment. Low 6.1b–6.19a 120–141
RAL and ROM are conditionally recommended in those intolerant of other
agents.

Low 6.1b–6.19a 120–141

In adults <40 years†

Adults <40 years with moderate fracture risk, we conditionally recommend oral
or IV BP,¶ DEN,¶ or PTH/PTHrP therapy.

Low or
very
low

2.4–2.22, 3.4–3.17 65–76, 79–84

Adults <40 years with moderate fracture risk, we conditionally recommend
against using ROM due to risk of myocardial infarction, stroke, or death.

Very low 2.9, 3.9 70, 87

For adults with solid organ transplants, glomerular filtration rate ≥35 mL/min, and no evidence of CKD-MBD# or hyperparathyroidism
We conditionally recommend expert evaluation for CKD-MBD in renal
transplant recipients.

Low 5.1–5.26 103–118

We conditionally recommend treatment with oral or IV BP, DEN, PTH/PTHrP, or
RAL based on individual patient factors.

Low 5.1–5.26 103–118

We conditionally recommend against using ROM due to risk of myocardial
infarction, stroke, or death.

Very low 5.9 112

Children ages 4–17 years treated with GCs for >3 months (low and moderate risk)
We conditionally recommend optimization of dietary and supplementation of
calcium and vitamin D as recommended by the US RDA depending on the
age of the child.

Very low 7.1a–7.4a 141–144

We conditionally recommend against starting oral or IV BP due to low risk of OP
fractures in this age group.

Very low 7.5a 144

Children ages 4-17 years with an osteoporotic fracture who are continuing treatment with GCs at a dose of ≥0.1mg/kg/day for >3months
(high risk)

We conditionally recommend treating with an oral or IV BP. Very low 7.1b–7.2b 148–153

* BP = bisphosphonate; CKD-MBD = chronic kidney disease–mineral and bone disorder; DEN = denosumab; GC = glucocorticoid; GIOP = GC-
induced OP; IV = intravenous; OP = osteoporosis; PICO = Patients, Intervention, Comparison, Outcome; PTH/PTHrP = parathyroid hormone/
parathyroid hormone–related protein; RAL = raloxifene; RDA = Recommended Dietary Allowances; ROM = romosozumab.
† In addition to calcium, vitamin D, and lifestyle modifications.
‡ Strong recommendation based on fracture data.
§ Conditional due to a lack of fracture data.
¶ Only for patients who are not planning on pregnancy during the OP treatment period or are using effective birth control if sexually active.
# Includes osteomalacia, adynamic bone disease, osteitis fibrosa cystica, mixed uremic osteodystrophy.
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For adults ≥40 years with high fracture risk, we condi-
tionally recommend PTH/PTHrP or DEN over BP (PICO
1.4c–1.28.c).

For adults ≥40 years with high fracture risk, we
conditionally recommend IV or oral BP, PTH/PTHrP, or
DEN over Raloxifene (RAL) or Romosozumab (ROM)
(PICO 1.4c–1.28.c).

High-certainty evidence indicates that oral BP prevents ver-
tebral fractures in GIOP (39) and warrants a strong recommenda-
tion for use here. Compared to oral BP, PTH is superior at
increasing BMD 24 and 36 months and prevented vertebral frac-
tures at 36 months (37). In the very high risk group, providers
may recommend PTH/PTHrP as initial treatment because anabo-
lism is blunted in patients previously treated with BP (40). IV BP
and DEN GIOP trials have not been powered to detect reductions
of GIOP fractures and instead use a surrogate endpoint of BMD
changes (41–43). However, the relationship between increases
in BMD and a decrease in vertebral fractures is inconsistent and
may account for only 25% of overall reduction in fracture risk
(44). Evidence for fracture reduction of PTHrP, DEN, RAL, and

ROM therapies have been demonstrated in general OP but not
GIOP, leading to downgrading the evidence to low or very low
certainty evidence. However, DEN and PTH show superior BMD
gains in GIOP compared to BP and may be preferred in patients
with high risk.

Compared to BP and RAL, PTH/PTHrP, DEN, and ROM
require sequential therapy with an anti-resorptive agent to prevent
bone losses. Discontinuation of DEN must be followed by a BP
beginning at 6 to 7 months after the last DEN dose to prevent rap-
idly progressive vertebral fractures. Additionally, IV BP, DEN, and
ROM have increased risk of atypical femur fractures and osteone-
crosis of the jaw compared to oral BP (45). Due to RAL harms of
venous thrombotic embolism events (pulmonary embolism/deep
vein thrombosis [PE/DVT]) and fatal stroke and association of
ROM with increased myocardial infarction, stroke, and death,
these therapies should be reserved for those unable to tolerate
other agents (46,47). The panel recommends initial treatment
choice be informed by patient co-morbidities and preferences
regarding costs, burden of injections, and the need for sequential
therapy (48).

Figure 3. Initial pharmacological treatment for adults. BMD = bone mineral density; DVT = deep vein thrombosis; GC = glucocorticoid;
GIOP = GC-induced OP; PE = pulmonary embolism; VFA = vertebral fracture assessment. Color figure can be viewed in the online issue, which
is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25240/abstract.
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In adults ≥40 years with high and very high fracture risk,
we conditionally recommend against using multiple OP ther-
apies at the same time (PICO 1.29–1.35).

Very low level evidence does not support using combination
therapy (eg, PTH/PTHrP and DEN, PTH/PTHrP and BP) in GIOP. In
patients with postmenopausal OP, studies have shown synergistic
increases in BMDwith combination of PTHwith IV BP (49), PTHwith
RAL (50), and PTH and DEN (51). However, based on the added
cost, the possibility of greater side effects, and the lack of fracture evi-
dence, combination therapy is not currently recommended.

For all adults with moderate fracture risk, we condition-
ally recommend oral or IV BP, PTH/PTHrP, or DEN over no
treatment (PICO 1.4b–1.28.b, 2.4b,c–2.17b,c).

In all adults with moderate fracture risk, we conditionally
recommend against ROM and RAL therapies except in those
intolerant of other OP medications, due to possible life-
threatening harms, including thrombosis, fatal stroke, major
cardiovascular events, and death (PICO 1.6b, 1.10b, 1.12b,
1.16b, 1.17b, 1.21b, 1.22b, 1.23b, 1.24b, 1.25b, 1.28b, 2.9,
2.14, 2.18, 2.21).

Multiple studies have shown that 12 months of ROM followed
by an anti-resorptive agent (BP or DEN) for 12month prevents frac-
tures in patients with postmenopausal OP when compared to anti-
resorptive agent only (52–54). There is uncertainty concerning the
cardiovascular risk, including myocardial infarction, stroke, and
death related to ROM (47,55). However, until longer-term pharma-
covigilance data become available, ROM should not be started in
patients with a myocardial infarction or stroke within 12 months.
Shared decision-making between patients and clinicians is needed
to determine if benefits outweigh the risks in patients with other car-
diovascular risk factors that may be untreated including hyperlipid-
emia, hypertension, and smoking. For RAL, a meta-analysis of nine
trials (24,523 postmenopausal women) found that raloxifene was
associated with an increased risk of DVT and PE (odds ratio
[OR] 1.5, 95% confidence interval [CI] 1.1–2.1 and OR 1.9, 95%
CI 1.0–3.5, respectively) (56). In the Raloxifene use for the heart
(RUTH) trial, RAL were not associated with overall stroke risk but
was associated with fatal stroke (59 vs 39 events, hazard ratio
[HR] 1.49, 95% CI 1.0–2.2, absolute risk increase of 0.7 per 1000
woman-years) compared with placebo (46).

In adults with low fracture risk, we strongly recommend
against adding oral or IV BP, PTH/PTHrP, RAL, DEN, or
ROM (PICO 1.4a–1.28a).

Adults <40 years have low fracture risk and have significant
capacity to rebuild BMD losses induced by chronic GC therapy.
OP therapy should not be started in this low-risk group (17,57).
This strong recommendation is based on low certainty evidence
of anti-fracture benefit in this low fracture risk group, coupled with
clear potential harms such as osteonecrosis of the jaw (BP, DEN,
ROM), atypical femur fractures (BP, DEN, ROM), PE, DVT, and
fatal stroke (RAL), myocardial infarction, stroke, and death

(ROM), or requirements for sequential therapy (PTH/PTHrP,
DEN, ROM). Adults >40 years on low-dose steroids that
meet low risk criteria have uncertain benefit from osteoporosis
therapy.

Recommendations for special populations of
patients beginning long-term GC therapy at very
high risk for fracture (Table 2)

For adults ≥40 years at very high fracture risk due to treat-
ment with one or more courses of high-dose GC therapy
(mean dose prednisone equivalent ≥30 mg daily for ≥30 days)
or cumulative GC dose ≥5 g over 1 year, we conditionally rec-
ommend treating with PTH/PTHrP over anti-resorptive agents
regardless of FRAX score or BMD. We strongly recommend
oral BP over no treatment and conditionally recommend an
IV BP, DEN, RAL or ROM over no treatment.

The relative risk for vertebral fracture was 14 and for hip frac-
tures was 3 with a dose of ≥30 mg per day and ≥ 5 g of cumula-
tive use (10).

For adults <40 years receiving one or more courses of
high-dose GC therapy (mean dose prednisone equivalent
≥30 mg daily for ≥30 days) or cumulative GC dose ≥5 g over
1 year, we conditionally recommend oral or IV BP,
PTH/PTHrP, DEN. We conditionally recommended against
RAL/ROM (PICO 6.4a,b–6.24a,b).

In this younger population, PTH/ PTHrP and ROM should
only be used in adults with closed growth plates. DEN should be
used with caution in patients with open growth plates.

For patients who can become pregnant at moderate or
high risk of fracture, we conditionally recommend treating
with oral or IV BP, DEN, or PTH/PTHrP (PICO 2).

OP therapy is not contraindicated in patients who can
become pregnant but should be used with effective birth con-
trol if sexually active. BP are avidly taken up by the fetal skele-
ton as shown in animal models and have a long half-life of BP
in adult bones with unclear side effects for the fetal skeleton
(58). Risedronate and ibandronate have shorter skeletal half-
lives among BP and may be preferred in this setting. DEN and
PTH/PTHrP may also be used if growth plates have closed.
However, DEN may cause fetal harm and is contraindicated in
pregnancy. Avoid pregnancy for 5 months after the last dose
of DEN.

For adults with solid organ transplants and an estimated
glomerular filtration rate (eGFR) ≥35 mL/min who are con-
tinuing chronic GC treatment, we conditionally recommend
treatment with BP, DEN, PTH/PTHrP, or RAL, based on indi-
vidual patient factors over no treatment (PICO 5.4-5.26).

In this solid organ transplant population, we condition-
ally recommend against using ROM due to potential harms
in this population (PICO 5.9, 5.21, 5.16).
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This group of patients is typically considered at increased risk
of fracture regardless of BMD, due to the known risk of OP asso-
ciated with solid organ transplantation and anti-rejection medica-
tions. The overall certainty of evidence for treatment in this
population is low, and numerous potentially influential individual
patient factors need to be weighed when selecting treatment.

For adult renal transplant recipients on chronic GC treat-
ment, we conditionally recommend metabolic bone disease
expert evaluation for chronic kidney disease–mineral and
bone disorder (CKD-MBD).

In patients with stage IV and V CKD, renal osteodystro-
phy, including adynamic bone disease, osteomalacia, ostei-
tis fibrosa cystica, and mixed uremic osteodystrophy, is
nearly universal (59). Bone-specific alkaline phosphatase,
intact PTH, and bone biopsy may exclude renal osteodystro-
phy. BP should generally not be used if eGFR <35 mL/min.
Once renal osteodystrophy and hyperparathyroidism is excluded,
no dose adjustment is needed when prescribing DEN,
PTH/PTHrP, or ROM. However, if eGFR is <30 mL/min, DEN is
not contraindicated but induces prolonged and more severe
hypocalcemia (60).

The panel recommended that patients without hyperpara-
thyroidism and eGFR ≥30 mL/min could use vitamin D3 (cholecal-
ciferol) or vitamin D2 (ergocalciferol) instead of biologically active
forms of vitamin D (calcitriol, paricalticol, or doxercalciferol).
Patients with GFR <30 mL/min might require biologically active
VitD to maintain neutral calcium balance.

For children and youth ages 4 to 17 years treated with
GCs for >3 months who are at low or moderate risk for frac-
ture, optimization of age-appropriate dietary and supple-
mental calcium and vitamin D to fulfill the Recommended
Daily Allowance is conditionally recommended in addition
to an exercise program. We conditionally recommend
against starting OP therapy due to the low risk of osteopo-
rotic fractures in children and youth ages 4 to 17 years
(PICO 7.1a–7.5a).

For children and youth ages 4 to 17 years with an osteo-
porotic fracture who are continuing treatment with chronic
GC at a dose of ≥0.1 mg/kg/day for >3 months, treating with
an oral or IV BP is conditionally recommended over no treat-
ment. (PICO 7.1b-7.2.b)

This conditional recommendation to treat with oral or IV BP
to prevent recurrent fractures is based on low-certainty evidence.
Depending on the specific disease or cause of pediatric OP, there
is uncertainty about when and how to screen, and depending on
the guidelines, it requires a history of clinically significant
fracture(s), defined as ≥1 vertebral fractures, ≥2 long bone frac-
tures prior to age 10 years, or ≥3 long bone fractures up to age
19 years (61,62). Twelve percent of children with rheumatic con-
ditions on chronic GC averaging doses of 0.94 ± 0.84 mg/kg/
day for 6 months who then tapered to 0.06 ± 0.12 mg/kg/day
between 30 months and 36 months had vertebral fracture in the

three years following GC initiation (14). The same study found that
every 0.5 mg/kg increase in average daily GC dose was
associated with a two-fold increased fracture risk (HR 2.0, 95%
CI 1.1–3.5). Other OP therapies are understudied in this young
age group with open growth plates.

Recommendations for initial treatment failure

For adults continuing GC treatment who have had an
osteoporotic fracture ≥12 months after starting OP therapy,
or who have had a significant loss of BMD (eg, greater than
the least significant change per their DXA machine) after
1 to 2 years of OP treatment, we conditionally recommend
changing to another class of OP medication over not switch-
ing the class of OP medication (PICO 10.1–10.9).

If oral BP is the first OP therapy and suboptimal adherence or
poor absorption is suspected, based on low certainty evidence,
we conditionally recommend treatment with IV BP, DEN, ROM,
or PTH/PTHrP. Of note, use of PTH/PTHrP after long-term BP
treatment has blunted anabolic response but still increases
BMD. If DEN is the first agent, switching to PTH/PTHrP may lead
to transient bone losses in the hip and spine and is not recom-
mended (63–65); however, PTH/PTHrP followed by DEN leads
to continued BMD increases (66,67) (Figure 4).

Recommendations for treatment when GC are
discontinued (Figure 5)

For adults taking OP therapy and discontinuing GC ther-
apy, with no new fragility fracture and a current BMD t-score
≥−2.5, we strongly recommended stopping current OP ther-
apy and continuing calcium and vitamin D. However,
sequential therapy is strongly recommended after stopping
DEN, PTH/PTHrP, and ROM (Figure 5) (PICO 11.1, 13.1–13.4).

This recommendation is based on low-certainty evidence
and on the balance of benefits and harms of continued treatment
with OP medication. BP and RAL can be discontinued without
need for sequential therapy. DEN, PTH/PTHrP, and ROM should
be transitioned to anti-resorptive therapy, but the best formulation
and duration of treatment is unclear at this time (68–70). Discon-
tinuation of DEN can be associated with vertebral fractures that
may be averted if a BP is started 6 to 7 months after the last
DEN administration (41,42). Significant bone loss may occur after
discontinuation of PTH/PTHrP, although anti-fracture efficacy
may persist for 18 months; therefore, anti-resorptive therapy is
recommended. ROM can be followed by DEN or BP (71).

For adults ≥40 years discontinuing GC therapy and con-
tinuing to be at high risk of fracture (BMD t-score ≤−2.5, or
history of a fragility fracture occurring after ≥12 months of
therapy), we conditionally recommend continuing current
OP therapy or switching to another class of OP medication
(PICO 13.5–13.6).
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For adults ≥40 years continuing chronic GC who
discontinue DEN, we strongly recommend starting an anti-
resorptive over not starting OP medication (PICO 13.1,
13.3, 13.5).

DEN remains effective at longer than 10 years in patients
with postmenopausal OP. However, discontinuation of DEN
after two or more doses has been associated with rapid loss of

BMD and development of new vertebral compression fractures
as soon as 7 to 9 months after the last DEN dose. As such,
6 to 9 months after the last dose of DEN, BP or ROM therapy
is recommended (41,42). The precise timing, dose, and duration
of BP or ROM use after DEN cessation is still under study, but
treatment for at least 1 year with an oral BP or 1 to 2 years of IV
BP seems prudent, until additional research is available

Figure 4. Treatment recommendations when new fracture occurs after ≥12 months of initial osteoporosis treatment. Color figure can be viewed
in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25240/abstract.

Figure 5. Sequential osteoporosis treatment recommendation when initial therapy and glucocorticoids (GCs) are discontinued. BMD = bone
mineral density. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25240/abstract.
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(69,71,72). If ROM is used after DEN, then it must be followed
with a course of BP.

For adults ≥40 years discontinuing chronic GC treat-
ment who have completed a course of a PTH/PTHrP, we
conditionally recommend starting BP over not starting an
OP medication (PICO 13.4, 13.6).

Discontinuation of PTH/PTHrP medication may lead to grad-
ual loss of bone gained over 12 to 18 months, which can be pre-
vented by treatment with BP or DEN (73). If DEN is used
sequentially after discontinuation of PTH/PTHrP, then a BP
should be started at the completion of DEN therapy (Figure 4).
Therefore, BP therapy is recommended after discontinuation of
PTH/PTHrP.

DISCUSSION

The objective of this updated ACR guideline for the preven-
tion and treatment of GIOP (25) is to aid clinicians who prescribe
GC, across all specialties, to best identify GC-treated patients
who would benefit from prevention and treatment of GIOP. The
overall goal is to reduce the number of fractures and their adverse
consequences in this patient population, while minimizing harm
due to medications. Fractures, especially hip and vertebral frac-
tures, are associated with increased mortality, and patients fre-
quently do not return to their baseline mobility (2,4,74). This
guideline now addresses several new areas compared to the
2017 guideline: 1) Previously only fracture data were considered;
with this guideline, both fracture reduction and BMD outcomes
were considered because most GIOP studies are not powered
for fracture outcomes (however, if fracture outcomes were not
available, BMD data were evaluated and evidence downgraded
to very low certainty); 2) a very high fracture risk category was
added; 3) a preference for anabolic agent as initial OP therapy in
very high fracture risk was made; 4) a need for sequential therapy
after DEN, ROM, and PTH/PTHrP was made; and 5) we recom-
mended the choice of therapies be based on clinician and patient
preferences and comorbidities, rather than rank ordering the
available OP therapies.

We risk stratified patients as low, moderate, high or very
high risk of fracture based on FRAX 10-year probability and
DXA t- or z-scores (Table 1). Similar to other organizational post-
menopausal OP guidelines (AACE, SBEM, UK, and National
Osteoporosis Foundation (NOF)) (33–35), we have now included
a very high fracture risk category (prior OP fracture(s) or BMD t-
score ≤−3.5 or FRAX (GC-Adjusted) 10-year risk of MOF ≥30%
or hip ≥4.5% or high GC ≥30 mg/day for >30 days or cumulative
doses ≥5 g/year) (Figures 2, 3, and5). These cut points were
used to stratify PICO questions and weigh potential benefits ver-
sus harms of OP therapy. For prednisone-equivalent doses >7.5
mg/day, a FRAX GC correction is recommended and is
achieved by multiplying the risk of MOF by 1.15 and the risk of
hip fractures by 1.2. Fracture risk is considered highest for

patients treated with very high (≥30 mg/day) or large cumulative
GC doses (≥5 g/year) (75).

Risk assessment in children, youths, and adults <40 years is
not as clear because these populations have substantially lower
fracture risk than older adults. BP treatment for children was rec-
ommended only after a diagnosis of pediatric OP, which requires
a clinically significant history of vertebral or long bone fractures.
For children with a GC-associated fracture who continue to take
high-dose GC therapy (>0.1 mg/kg/day), BP therapy is warranted.

For adults ≥40 years, the panel voted to give clinicians the
ability to select an OP therapy based on the patient’s specific
comorbidities and preferences, BMD values, fracture history,
and other characteristics, rather than rank ordering the medica-
tion recommendations. Fracture prevention data in GIOP is cur-
rently limited to oral BP and PTH. Anabolic agents may be the
preferred initial therapy for those at very high risk for fracture
based on BMD and vertebral fracture prevention superiority com-
pared to anti-resorptives in patients with very high risk postmeno-
pausal OP. Of note, abaloparatide and ROM are not approved in
GIOP, and we recognize it may be difficult to access these medi-
cations for GIOP.

The panel specifically noted that the potential harms of RAL
(venous thromboembolism [VTE] and fatal stroke) and ROM
(major myocardial infarction, stroke, and death) would often favor
the other available options when possible.

The panel emphasized the need for shared decision-making
with patients to ensure they understand that some OP therapies
(DEN, PTH/PTHrP, ROM) require another course of anti-
resorptive OP therapy to prevent rapid bone loss and vertebral
fractures (76,77). Discontinuation of DEN without the addition of
anti-resorptive therapy is associated with vertebral fractures
occurring as soon as 7 to 9 months after the last dose (76,77).
Until the optimal therapy strategy is determined, many experts
favor starting BP therapy 6 to 7 months after discontinuation of
DEN for at least 1 year (78). Although the use of PTH after DEN
causes transient loss of hip BMD, these drugs have been suc-
cessfully cycled with increases in BMD (41,67). It is important that
clinicians, patients, and/or their care partners understand and dis-
cuss the need for additional OP therapy after completing DEN,
PTH/PTHrP, or ROM therapy.

The use of OP medications in patients after kidney transplant
and with CKD was addressed in this guideline. When eGFR <35
mL/min, the risk of renal osteodystrophy is significantly increased,
including adynamic bone disease, osteomalacia, osteitis fibrosa
cystica, and mixed uremic osteodystrophy. As such, MBD expert
evaluation for CKD-MBD is conditionally recommended to
exclude these conditions. Once excluded, no dose adjustment is
needed when prescribing DEN, PTH/PTHrP, or ROM, but BP
should be avoided. Use of DEN in this group may lead to pro-
longed and more severe hypocalcemia (60).

A limitation of this guideline is the lack of fracture data in
GIOP-specific clinical trials and population studies. As such,
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general OP population clinical trials data were reviewed when
GIOP data were not available. This introduced indirectness into
the certainty of the evidence and imprecision in the estimate of
benefits for treatment in the GIOP population. Because of these
limitations, most of the recommendations in this guideline are
conditional.

Future studies in the treatment of GIOP should be powered
to assess fracture risk reduction. Studies should focus on children
and patients with CKD stage 4 and 5. As part of risk assessment,
studies should explore the use of quantitative computed tomog-
raphy (CT), bone finite element analysis from CT scans, and
BMD measurements from CT colonography. It would be helpful
to have validated fracture prediction scores for patients aged
<40 years. More studies are needed to better identify the patient
populations that might benefit from combination therapy and
sequential therapy in GIOP. Additional studies are required to
determine the best treatment options and duration of therapy
after discontinuation of DEN. In conclusion, GIOP remains a com-
mon and challenging clinical scenario that is frequently unrecog-
nized and undertreated. By systematically synthesizing the
current knowledge and available clinical trials, we have provided
an updated guideline to help clinicians best care for patients
requiring long-term GC use.

ACKNOWLEDGMENTS

We thank Dr. Madhumathi Rao for her review of the evidence and
participation in the round 1 voting. We thank the patient who (along with
authors Sara Gore and Charles Womack) participated in the Patient
Panel meeting: Meredith Cathryn Rainey. We thank the ACR staff,
including Regina Parker for assistance in coordinating the administrative
aspects of the project and Cindy Force for assistance with manuscript
preparation. We thank Janet Waters for her assistance in developing
the literature search strategy, as well as performing the initial literature
search and update searches.

AUTHOR CONTRIBUTIONS
All authors were involved in drafting the article or revising it critically

for important intellectual content. All authors approved of the final version
to be published. Drs. Humphrey and Russell had full access to all the
data in the study and take full responsibility for the integrity of the data
and the accuracy of the data analysis.
Study conception and design. Humphrey, Russell, Danila, Fink, Uhl,
Guyatt, Turner
Acquisition of data. Uhl, Abdulhadi, Charles, Cheah, Chou, Goyal,
Haseltine, Jackson, Mirza, Moledina, Punni, Rinden, Turgunbaev,
Wysham
Analysis and interpretation of data. Humphrey, Russell, Danila, Fink,
Uhl, Guyatt, Turner, Uhl, Abdulhadi, Charles, Cheah, Chou, Goyal,
Haseltine, Jackson, Mirza, Moledina, Punni, Rinden, Turgunbaev,
Wysham, Cannon, Caplan, Grossman, Hansen, Lane, Ma, Magrey,
McAlindon, Robinson, Saha, Gore, Womack

REFERENCES

1. Johnston CB, Dagar M. Osteoporosis in older adults. Med Clin North
Am 2020;104:873–84.

2. Katsoulis M, Benetou V, Karapetyan T, et al. Excess mortality after hip
fracture in elderly persons from Europe and the USA: the CHANCES
project. J Intern Med 2017;281:300–10.

3. Sattui SE, Saag KG. Fracture mortality: associations with epidemiol-
ogy and osteoporosis treatment [review]. Nat Rev Endocrinol 2014;
10:592–602.

4. Schousboe JT. Epidemiology of Vertebral Fractures. J Clin Densitom.
2016;19(1):8–22.

5. Fardet L, Petersen I, Nazareth I. Monitoring of patients on long-term
glucocorticoid therapy: a population-based cohort study. Medicine
(Baltimore) 2015;94:e647.

6. Van Staa TP, Leufkens HG, Abenhaim L, et al. Oral corticosteroids
and fracture risk: relationship to daily and cumulative doses. Rheuma-
tology (Oxford) 2000;39:1383–9.

7. Saag KG, Koehnke R, Caldwell JR, et al. Low dose long-term cortico-
steroid therapy in rheumatoid arthritis: an analysis of serious adverse
events. Am J Med 1994;96:115–23.

8. Angeli A, Guglielmi G, Dovio A, et al. High prevalence of asymptomatic
vertebral fractures in post-menopausal women receiving chronic glu-
cocorticoid therapy: a cross-sectional outpatient study. Bone 2006;
39:253–9.

9. Curtis JR, Westfall AO, Allison J, et al. Population-based assessment
of adverse events associated with long-term glucocorticoid use.
Arthritis Rheum 2006;55:420–6.

10. De Vries F, Bracke M, Leufkens HG, et al. Fracture risk with intermit-
tent high-dose oral glucocorticoid therapy. Arthritis Rheum 2007;56:
208–14.

11. Van Staa TP, Cooper C, Leufkens HG, et al. Children and the risk of
fractures caused by oral corticosteroids. J Bone Miner Res 2003;18:
913–8.

12. Canalis E, Mazziotti G, Giustina A, et al. Glucocorticoid-induced oste-
oporosis: pathophysiology and therapy. Osteoporos Int 2007;18:
1319–28.

13. Hansen KE, Kleker B, Safdar N, et al. A systematic review and meta-
analysis of glucocorticoid-induced osteoporosis in children. Semin
Arthritis Rheum 2014;44:47–54.

14. LeBlanc CM, Ma J, Taljaard M, et al. Incident vertebral fractures and
risk factors in the first three years following glucocorticoid initiation
among pediatric patients with rheumatic disorders. J Bone Miner
Res 2015;30:1667–75.

15. Rodd C, Lang B, Ramsay T, et al. Incident vertebral fractures among
children with rheumatic disorders 12 months after glucocorticoid initi-
ation: a national observational study. Arthritis Care Res (Hoboken)
2012;64:122–31.

16. Ward LM, Ma J, RobinsonME, et al. Osteoporotic fractures and verte-
bral body reshaping in children with glucocorticoid-treated rheumatic
disorders. J Clin Endocrinol Metab 2021;106:e5195–207.

17. Laan RF, van Riel PL, van de Putte LB, et al. Low-dose prednisone
induces rapid reversible axial bone loss in patients with rheumatoid
arthritis: a randomized, controlled study. Ann Intern Med 1993;119:
963–8.

18. Feldstein AC, Elmer PJ, Nichols GA, et al. Practice patterns in patients
at risk for glucocorticoid-induced osteoporosis. Osteoporosis Int
2005;16:2168–74.

19. Solomon DH, Katz JN, Jacobs JP, et al. Management of
glucocorticoid-induced osteoporosis in patients with rheumatoid
arthritis: rates and predictors of care in an academic rheumatology
practice. Arthritis Rheum 2002;46:3136–42.

20. Ettinger B. A personal perspective on fracture risk assessment tools.
Menopause 2008;15:1023–6.

21. Kanis JA, Johansson H, Oden A, et al. Guidance for the adjustment of
FRAX according to the dose of glucocorticoids. Osteoporosis Int
2011;22:809–16.

ACR GUIDELINE FOR PREVENTION AND TREATMENT OF GIOP 2417



22. Van Staa TP, Geusens P, Pols HA, et al. A simple score for estimating
the long-term risk of fracture in patients using oral glucocorticoids.
QJM 2005;98:191–8.

23. American College of Rheumatology Task Force on Osteoporosis
Guidelines. Recommendations for the prevention and treatment of
glucocorticoid-induced osteoporosis: Arthritis Rheum 1996;39:
1791–801.

24. American College of Rheumatology Ad Hoc Committee on
Glucocorticoid-Induced Osteoporosis. Recommendations for the
prevention and treatment of glucocorticoid-induced osteoporosis:
2001 update. Arthritis Rheum 2001;44:1496–503.

25. Buckley L, Guyatt G, Fink HA, et al. 2017 American College of Rheu-
matology Guideline for the Prevention and Treatment of
Glucocorticoid-Induced Osteoporosis. Arthritis Rheumatol 2017;69:
1521–37.

26. Grossman JM, Gordon R, Ranganath VK, et al. American College of
Rheumatology 2010 recommendations for the prevention and treat-
ment of glucocorticoid-induced osteoporosis. Arthritis Care Res
(Hoboken) 2010;62:1515–26.

27. Andrews JC, Schunemann HJ, Oxman AD, et al. GRADE guidelines:
15. Going from evidence to recommendation-determinants of a rec-
ommendation’s direction and strength. J Clin Epidemiol 2013;66:
726–35.

28. Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consen-
sus on rating quality of evidence and strength of recommendations.
BMJ 2008;336:924–6.

29. Brouwers MC, Kho ME, Browman GP, et al. AGREE II: advancing
guideline development, reporting and evaluation in health care. CMAJ
2010;182:E839–42.

30. Leib ES, Saag KG, Adachi JD, et al. Official Positions for FRAX(®) clin-
ical regarding glucocorticoids: the impact of the use of glucocorticoids
on the estimate by FRAX(®) of the 10 year risk of fracture from Joint
Official Positions Development Conference of the International Society
for Clinical Densitometry and International Osteoporosis Foundation
on FRAX(®). J Clin Densitom 2011;14:212–9.

31. Saag KG, Agnusdei D, Hans D, et al. Trabecular bone score in
patients with chronic glucocorticoid therapy-induced osteoporosis
treated with alendronate or teriparatide. Arthritis Rheumatol 2016;
68:2122–8.

32. Huber AM, Gaboury I, Cabral DA, et al. Prevalent vertebral fractures
among children initiating glucocorticoid therapy for the treatment of
rheumatic disorders. Arthritis Care Res (Hoboken) 2010;62:516–26.

33. Gregson CL, Armstrong DJ, Bowden J, et al. UK clinical guideline for
the prevention and treatment of osteoporosis. Arch Osteoporos
2022;17:58.

34. Silva BC, Madeira M, d’Alva CB, et al. Definition and management of
very high fracture risk in women with postmenopausal osteoporosis:
a position statement from the Brazilian Society of Endocrinology and
Metabolism (SBEM) and the Brazilian Association of Bone Assess-
ment and Metabolism (ABRASSO). Arch Endocrinol Metab 2022;66:
591–603.

35. Watts NB, Camacho PM, Lewiecki EM, et al. American Association of
Clinical Endocrinologists/American College of Endocrinology Clinical
Practice Guidelines for the Diagnosis and Treatment of Postmeno-
pausal Osteoporosis—2020 update. Endocr Pract 2021;27:379–80.

36. Ross AC, Manson JE, Abrams SA, et al. The 2011 report on dietary
reference intakes for calcium and vitamin D from the Institute of Med-
icine: what clinicians need to know. J Clin Endocrinol Metab 2011;96:
53–8.

37. Saag KG, Shane E, Boonen S, et al. Teriparatide or alendronate in
glucocorticoid-induced osteoporosis. N Engl J Med 2007;357:
2028–39.

38. Saag KG, Zanchetta JR, Devogelaer JP, et al. Effects of teriparatide
versus alendronate for treating glucocorticoid-induced osteoporosis:

thirty-six-month results of a randomized, double-blind, controlled trial.
Arthritis Rheum 2009;60:3346–55.

39. Allen CS, Yeung JH, Vandermeer B, et al. Bisphosphonates for
steroid-induced osteoporosis [review]. Cochrane Database Syst Rev
2016;10:Cd001347.

40. Black DM, Rosen CJ. Clinical practice: postmenopausal osteoporo-
sis. N Engl J Med 2016;374:254–62.

41. Eastell R, Rosen CJ, Black DM, et al. Pharmacological management
of osteoporosis in postmenopausal women: an Endocrine Society*
clinical practice guideline. J Clin Endocrinol Metab 2019;104:
1595–622.

42. Lamy O, Gonzalez-Rodriguez E, Stoll D, et al. Severe rebound-
associated vertebral fractures after denosumab discontinuation:
9 clinical cases report. J Clin Endocrinol Metab 2017;102:354–8.

43. Reid DM, Devogelaer JP, Saag K, et al. Zoledronic acid and risedro-
nate in the prevention and treatment of glucocorticoid-induced osteo-
porosis (HORIZON): a multicentre, double-blind, double-dummy,
randomised controlled trial. Lancet 2009;373:1253–63.

44. Small RE. Uses and limitations of bone mineral density measurements
in the management of osteoporosis. MedGenMed 2005;7:3.

45. Everts-Graber J, Lehmann D, Burkard JP, et al. Risk of osteonecrosis
of the jaw under denosumab compared to bisphosphonates in
patients with osteoporosis. J Bone Miner Res 2022;37:340–8.

46. Barrett-Connor E, Mosca L, Collins P, et al. Effects of raloxifene on
cardiovascular events and breast cancer in postmenopausal women.
N Engl J Med 2006;355:125–37.

47. Fixen C, Tunoa J. Romosozumab: a review of efficacy, safety, and
cardiovascular risk. Current Osteoporos Rep 2021;19:15–22.

48. Lyu H, Zhao SS, Yoshida K, et al. Comparison of teriparatide and den-
osumab in patients switching from long-term bisphosphonate use.
J Clin Endocrinol Metab 2019;104:5611–20.

49. Cosman F, Eriksen EF, Recknor C, et al. Effects of intravenous zole-
dronic acid plus subcutaneous teriparatide [rhPTH(1-34)] in postmen-
opausal osteoporosis. J Bone Miner Res 2011;26:503–11.

50. Deal C, Omizo M, Schwartz EN, et al. Combination teriparatide and
raloxifene therapy for postmenopausal osteoporosis: results from a
6-month double-blind placebo-controlled trial. J Bone Miner Res
2005;20:1905–11.

51. Sun Y, Li Y, Li J, et al. Efficacy of the combination of teriparatide and
denosumab in the treatment of postmenopausal osteoporosis: a
meta-analysis. Front Pharmacol 2022;13:888208.

52. Brown JP, Engelke K, Keaveny TM, et al. Romosozumab improves
lumbar spine bone mass and bone strength parameters relative to
alendronate in postmenopausal women: results from the Active-
Controlled Fracture Study in Postmenopausal WomenWith Osteopo-
rosis at High Risk (ARCH) trial. J Bone Miner Res 2021;36:2139–52.

53. Geusens P, Oates M, Miyauchi A, et al. The effect of 1 year of romoso-
zumab on the incidence of clinical vertebral fractures in postmeno-
pausal women with osteoporosis: results from the FRAME study.
JBMR Plus 2019;3:e10211.

54. Miyauchi A, Dinavahi RV, Crittenden DB, et al. Increased bone mineral
density for 1 year of romosozumab, vs placebo, followed by 2 years of
denosumab in the Japanese subgroup of the pivotal FRAME trial and
extension. Arch Osteoporos 2019;14:59.

55. Kvist AV, Faruque J, Vallejo-Yagüe E, et al. Cardiovascular safety pro-
file of romosozumab: a pharmacovigilance analysis of the US Food
and Drug Administration Adverse Event Reporting System (FAERS).
J Clin Med 2021;10:1660.

56. Adomaityte J, Farooq M, Qayyum R. Effect of raloxifene therapy on
venous thromboembolism in postmenopausal women: a meta-analy-
sis. Thromb Haemost 2008;99:338–42.

57. Van Staa TP, Leufkens HG, Abenhaim L, et al. Use of oral corticoste-
roids and risk of fractures. J Bone Miner Res 2000;15:993–1000.

HUMPHREY ET AL2418



58. Patlas N, Golomb G, Yaffe P, et al. Transplacental effects of bisphos-
phonates on fetal skeletal ossification and mineralization in rats. Tera-
tology 1999;60:68–73.

59. Moe S, Drueke T, Cunningham J, et al. Definition, evaluation, and
classification of renal osteodystrophy: a position statement from Kid-
ney Disease: Improving Global Outcomes (KDIGO). Kidney Int 2006;
69:1945–53.

60. Hiramatsu R, Ubara Y, Sawa N, et al. Hypocalcemia and bone mineral
changes in hemodialysis patients with low bone mass treated with
denosumab: a 2-year observational study. Nephrol Dial Transplant
2021;36:1900–7.

61. Shuhart CR, Yeap SS, Anderson PA, et al. Executive summary of the
2019 ISCD Position Development Conference on monitoring treat-
ment, DXA cross-calibration and least significant change, spinal cord
injury, peri-prosthetic and orthopedic bone health, transgender medi-
cine, and pediatrics. J Clin Densitom 2019;22:453–71.

62. Galindo-Zavala R, Bou-Torrent R, Magallares-L�opez B, et al. Expert panel
consensus recommendations for diagnosis and treatment of secondary
osteoporosis in children. Pediatr Rheumatol Online J 2020;18:20.

63. Boonen S, Marin F, Obermayer-Pietsch B, et al. Effects of previous
antiresorptive therapy on the bone mineral density response to two
years of teriparatide treatment in postmenopausal women with osteo-
porosis. J Clin Endocrinol Metab 2008;93:852–60.

64. Cosman F, Keaveny TM, Kopperdahl D, et al. Hip and spine strength
effects of adding versus switching to teriparatide in postmenopausal
women with osteoporosis treated with prior alendronate or raloxifene.
J Bone Miner Res 2013;28:1328–36.

65. Ettinger B, San Martin J, Crans G, et al. Differential effects of teripara-
tide on BMD after treatment with raloxifene or alendronate. J Bone
Miner Res 2004;19:745–51.

66. Cosman F. Anabolic and antiresorptive therapy for osteoporosis:
combination and sequential approaches. Curr Osteoporos Rep
2014;12:385–95.

67. Leder BZ, Tsai JN, Uihlein AV, et al. Denosumab and teriparatide transi-
tions in postmenopausal osteoporosis (the DATA-Switch study): exten-
sion of a randomised controlled trial. Lancet 2015;386:1147–55.

68. Cosman F, Huang S, McDermott M, et al. Multiple vertebral fractures
after denosumab discontinuation: FREEDOM and FREEDOM

extension trials additional post hoc analyses. J Bone Miner Res
2022;37:2112–20.

69. Kendler D, Chines A, Clark P, et al. Bone mineral density after transi-
tioning from denosumab to alendronate. J Clin Endocrinol Metab
2020;105:e255–64.

70. Tutaworn T, Nieves JW, Wang Z, et al. Bone loss after denosumab dis-
continuation is prevented by alendronate and zoledronic acid but not
risedronate: a retrospective study. Osteoporos Int 2023;34:573–84.

71. Cosman F, Kendler DL, Langdahl BL, et al. Romosozumab and anti-
resorptive treatment: the importance of treatment sequence. Osteo-
poros Int 2022;33:1243–56.

72. Solling AS, Harslof T, Langdahl B. Treatment with zoledronate subse-
quent to denosumab in osteoporosis: a 2-year randomized study.
J Bone Miner Res 2021;36:1245–54.

73. Napoli N, Langdahl BL, Ljunggren O, et al. Effects of teriparatide in
patients with osteoporosis in clinical practice: 42-month results during
and after discontinuation of treatment from the European Extended
Forsteo(R) Observational Study (ExFOS). Calcif Tissue Int 2018;103:
359–71.

74. Johnell O, Cauley JA, Kulkarni PM, et al. Raloxifene reduces risk of
vertebral fractures [corrected] in postmenopausal women regardless
of prior hormone therapy. J Fam Pract 2004;53:789–96.

75. Amiche MA, Abtahi S, Driessen JH, et al. Impact of cumulative expo-
sure to high-dose oral glucocorticoids on fracture risk in Denmark: a
population-based case-control study. Arch Osteoporos 2018;13:30.

76. Lyu H, Yoshida K, Zhao SS, et al. Delayed denosumab injections and
fracture risk among patients with osteoporosis: a population-based
cohort study. Ann Intern Med 2020;173:516–26.

77. Cummings SR, Ferrari S, Eastell R, et al. Vertebral fractures after dis-
continuation of denosumab: a post hoc analysis of the randomized
placebo-controlled FREEDOM trial and its extension. J Bone Miner
Res 2018;33:190–8.

78. Tsourdi E, Zillikens MC, Meier C, et al. Fracture risk and management
of discontinuation of denosumab therapy: a systematic review and
position statement by ECTS. J Clin Endocrinol Metab. 2021;106:
264–81.

ACR GUIDELINE FOR PREVENTION AND TREATMENT OF GIOP 2419



E D I T O R I A L

Leveraging Quality Measurement to Achieve Best Practice
Rheumatology Care: Can Pediatrics Lead Us?

Shraddha Jatwani1 and Lisa G. Suter2

As adult rheumatologists, we often overlook what is

happening in pediatric rheumatology, unless we are studying for

our boards or brushing up for renewing our board certification.

In many ways, this is a reasonable triage step because there are

ever-increasing medical advances to track and less time available

for peripheral topics. Furthermore, most pediatric rheumatic dis-

eases are relatively rarer than their adult counterparts, and chil-

dren are a protected research population (1), making them

harder to study and develop robust evidence-based clinical prac-

tice guidelines for (2). Additionally, pediatric diseases are histori-

cally underfunded and underresearched compared with adult

diseases (3). In adult rheumatology, we benefit from enhanced

research resources, allowing for larger clinical trials, a more exten-

sive research base, and increasing payer focus because of abun-

dant costly biologic and small molecule therapeutics. And yet,

despite adult rheumatology’s large, high-quality (2) evidence pool,

there remain large gaps between evidence-based best practice

and real-world clinical care (4–7).
In this issue of Arthritis Care & Research, Bingham et al pub-

lished the article “Pediatric Rheumatology Care and Outcomes

Improvement Network’s quality measure set to improve care of

children with juvenile idiopathic arthritis” (8). This article reminds

us how valuable it is to zoom out from our often insular view of

rheumatology practice and refocus on advances we might other-

wise consider tangential. The authors describe the creation and

evolution of a true national learning health network (LHN), the

Pediatric Rheumatology Care & Outcomes Improvement Network

(PR-COIN). LHNs or learning health systems have been around

for decades. Many examples of successful LHNs exist (9), ranging

from coordinated care models to practice-based research. But

nearly 20 years after the National Academy of Medicine’s Learn-

ing Health Series (10) began, there are few national examples of

LHNs. The thoughtful, patient-centered, data-driven approach to

improving juvenile idiopathic arthritis (JIA) care outlined in this

issue offers an important model for advancing rheumatologic care

for all patients and their families.
Bingham and her co-authors summarize the ongoing suc-

cess of PR-COIN, a multiyear, national effort to build the infra-

structure, data repository, leadership framework and

committees, and processes for a national collaborative pediatric

rheumatology research, family engagement, and quality improve-

ment (QI) system—a true functioning and evolving LHN. They use

a continuously iterative approach that emphasizes patient and

family input and is responsive to real-world experiences. They cre-

ated a complete measure set that reflects foundational process

measures to establish best practices, followed by meaningful,

patient-reported outcomes measures chosen to balance both

patient and provider priorities (11). As part of continuous QI

efforts, they removed “topped out” measures (those with uni-

formly perfect or near-perfect performance across sites) and

replaced them with new measures to support evolving QI targets.

They included measures evaluating data quality and patient cap-

ture rates to ensure their findings were scientifically valid and rep-

resentative of diverse populations. Although PR-COIN was

developed as a QI LHN and is not used for accountability pur-

poses, the designers recognized the potential for unintended

consequences of measurement and included a balancing mea-

sure to monitor for adverse effects of measurement and QI efforts.

Because the process and outcome measures focus on control of

symptoms and disease activity, overtreatment remains a con-

cern. Therefore, the authors included a population health mea-

sure to monitor the time interval between hospitalizations for

infection, reflecting a severe negative health outcome of aggres-

sive immunosuppressive therapy.
The authors reflect that their work was modeled on a similar

successful approach to pediatric inflammatory bowel disease

management (12). There are many factors that advantage pediat-

ric subspecialities in creating LHNs. Pediatric subspecialists,
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including pediatric rheumatologists, tend to be clustered near
academic medical centers (13,14). The authors acknowledge
this, noting most PR-COIN sites are academic medical centers.
This reduces, but does not eliminate, technology as a barrier to
measurement and data collection. There are fewer electronic
health record vendors serving academic medical centers com-
pared to ambulatory clinical practices, and they are more likely
to participate in voluntary certification programs, like the Office of
the National Coordinator for Health Information Technology
Health Information Technology Certification Program (15), which
establishes federal standards for data interoperability. This helps
streamline data capture and exchange. It also provides a unique
opportunity to measure population outcomes as well as granular
disease activity and patient-reported outcomes, something cur-
rently impossible on a large-scale level in adult rheumatology.
The centrality of academic medical centers in PR-COIN also
ensures that participation in and dissemination of research is
rewarded, helping to keep these an important added focus of
the LHN.

Pediatric rheumatology also benefits from the long-standing
culture of a multidisciplinary approach to care that includes physi-
cians, nurses, social workers, and other professionals such as
physical and occupational therapists, as demonstrated by PR-
COIN site teams. Because of the complexity of managing chronic
illness in children, pediatrics also has a strong history of both
patient and parental engagement and a deep commitment to
advocacy. Together, these provide a strong foundation for
human-centered care and large-scale change management.

The American College of Rheumatology (ACR) provides
many of the same infrastructure and leadership advantages dem-
onstrated by PR-COIN: the ACR’s Rheumatology Informatics
System for Effectiveness registry has over 1,000 participating
rheumatology clinicians and 3.1 million patients, and the ACR
has a parallel leadership core with (sub)committees attending to
registries and health information technology, quality of care, qual-
ity measures, guidelines, research and publications, and ad hoc
cross-committee task forces and work groups. Despite these
assets, the comparatively large numbers of adult rheumatologists
and patients, our dispersed nature and variable care settings
make reproducing PR-COIN’s model in adult rheumatology chal-
lenging. Furthermore, costly biologic and other advanced thera-
peutics have made adult rheumatology a focus of federal health
care payment reform; a rheumatology-focused merit-based
incentive payment system value pathway (MVP) (16) was one of
the first such MVPs the Centers for Medicare and Medicaid Ser-
vices adopted in its ongoing drive towards value-based payment.
This has forced the ACR to focus on high-stakes quality measures
over rapid cycle QI models like PR-COIN.

The authors acknowledge the need for continued improve-
ment efforts and research. They specifically identify the need for
increased attention to health care disparities, a planned future
focus of PR-COIN. Given the success of the current work in JIA,

PR-COIN and Bingham et al.’s article provides a critical roadmap
for addressing health care and disparities across the age spec-
trum (17–19). Margaret Wheatley once said that “leadership is a
series of behaviors rather than a role for heroes” (20). This state-
ment rings true to all of us who have attempted to enact meaning-
ful change in our clinical practices, institutions, communities, and
personal lives. Bingham and colleagues provide us with a clear
set of steps for creating and sustaining a national rheumatology-
focused LHN. As health care continues to evolve to a more dis-
tributed care delivery model, as technology allows greater data
interoperability and real-time patient-reported outcome collection,
and as payers increasingly move to value-based payment, the
successful LHN presented by Bingham and colleagues serves
as an important example of what quality measurement imple-
mented with insight, patient engagement, and broad collabora-
tion can achieve.
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C L I N I C O P A T HO LOG I C C ON F E R EN C E

Sarcoidosis and Worsening Lymphadenopathy: Sarcoidosis
Flare? Think Again!

Manush Sondhi, Anusha Vuppala, and Madiha Tariq

CASE PRESENTATION

Chief symptoms

A 62-year-old African American man with a past medical

history of long-standing sarcoidosis, open-angle glaucoma, and

benign prostatic hyperplasia (BPH) after transurethral resection of

the prostate (TURP) in 2015 presented with worsening abdominal

distention and pain for the last 3 weeks prior to presentation.

History of present illness

Abdominal pain was located in the left quadrant and was

constant, moderate, and dull in nature, without overt radiation

exacerbated after meals. He had only a liquid diet since then.

There was a history of diarrhea without blood for the last 2 days.

He stated that he lost some weight over a month but could not

quantify it. The patient denied any appetite change, fever with

chills or rigors, congestion, sneezing, chest pain, palpitations,

hematuria, hematochezia, melena, dysuria, rash, pallor, dizziness,

or headaches.
The patient developed a nonresolving left thigh nodule,

which he stated resembled “the size of a grapefruit” at age

37 years, which upon biopsy showed noncaseating granulomas.

He was asymptomatic and managed conservatively without

medications until age 57, when he presented with symptoms of

cough and dyspnea with computed tomography (CT) of the chest

showing pulmonary nodules. The patient was started on myco-

phenolate mofetil but later escalated to rituximab (received

2 cycles—within the last 3 months before admission) due to

worsening symptoms. He reported improvement on mycopheno-

late mofetil and rituximab infusions and was never started on ste-

roids due to a history of open-angle glaucoma, which could

potentially worsen it.
About 4 years into the treatment, he presented at a different

hospital with worsening symptoms of shortness of breath and

fever. CT of the chest showed worsening hilar mediastinal ade-

nopathy and ground-glass opacities bilaterally. Bronchoscopy

was done with preliminary reports consistent with benign bron-

chial mucosa and pulmonary parenchyma, noncaseating gran-

ulomas, and negative microbiologic stains. He was treated with

antibiotics, on which he reported transient improvement, after

which he was discharged with 2 liters of oxygen. He was also

discharged with tapering doses of prednisone for a week

(30 mg for 2 days, 20 mg for the next 2 days, and 10 mg for

the next 3 days) and antibiotics for possible sarcoidosis flare

with pneumonia. However, the patient presented to our hospi-

tal with the above symptoms a month after discharge. All the

previous pulmonary lung functions before the last hospitaliza-

tion were normal, with no evidence of obstruction or restriction.

Past medical history

The patient’s medical history is notable for long-standing

sarcoidosis, open-angle glaucoma, and BPH (after TURP

in 2015).

Social and family history

The patient is from Texas but has spent most of his time in

Arkansas. He had a history of occasional alcohol use and had

never consumed tobacco or any recreational drugs. The family

history was noncontributory.

Review of systems

The patient noted fatigue, weight loss, shortness of breath,

occasional cough, abdominal distention, pain, and diarrhea. The

review of systems was otherwise negative.
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Physical examination

On physical examination, the patient’s blood pressure read-
ing was 112/67 mm Hg, with a heart rate of 86 beats per minute,
respiratory rate of 16 per minute, temperature of 36.5�C, and oxy-
gen saturation of 98% on 2 liters of oxygen. He had a body mass
index of 24.6 kg/m2. The patient demonstrated intact extraocular
movements and normal conjunctiva/sclera. Pupils were equal,
round, and reactive to light. Lungs were clear to auscultation with-
out wheezing, rhonchi, or rails. Cardiovascular examination
showed normal findings for S1 and S2, and no murmurs, rubs,
or gallops were heard. The skin was warm and dry, with no ery-
thema or rash. Abdomen was distended and mild tenderness
was present on palpating all areas (left greater than right). Normal
bowel movements were heard. Radial pulses and dorsalis pedis
were 2+ bilaterally. The patient had normal range of motion, and
no leg edema was present. The patient was alert and oriented to
person, place, and time, with no cranial nerve deficit, sensory def-
icit, or coordination abnormalities. The mood, thought content,
and judgment of the patient was normal.

Laboratory studies

A complete blood count demonstrated a hemoglobin count
of 9.3 g/dl (normal range 14–16 g/dl), white blood cell count of
1.9 thousand/m3 (normal range 4.5 thousand–10.5 thousand/
m3), granulocyte count of 54.8% (normal range 50–80%), lym-
phocyte count of 20.8% (normal range 20–44%), monocyte
count of 21.6% (normal range 2–15%), eosinophil count of 1.7%
(normal range 0–8%), basophil count of 1.1% (normal range 0–
5%), and platelet counts of 112,000/m3 (normal range 150,000–
450,000/m3). The comprehensive metabolic panel showed sodium
137 mmoles/liter (normal range 136–145 mmoles/liter), potassium
4.2 mmoles/liter (normal range 3.5–5.1 mmoles/liter), chloride 102
mmoles/liter (normal range 98–109 mmoles/liter), calcium 9.1 mg/
dl (normal range 8.9–10.3 mg/dl), albumin 2.9 g/dl (normal
range 3.4–5.0 g/dl), total protein level 5.5 g/dl (normal range
6.5–8.2 g/dl), total bilirubin 2.3 mg/dl (normal range 0.2–1.2 mg/
dl), aspartate aminotransferase 86 units/liter (normal range 15–40
units/liter), alanine aminotransferase 59 units/liter (normal range
14–63 units/liter), alkaline phosphatase 846 units/liter (normal range
38–126 units/liter), lipase 53 units/liter (normal range 10–140 units/
liter), creatinine level 1.19 mg/dl (normal range 0.6–1.3 mg/dl),
glomerular filtration rate 75 ml/minute/1.73 m2, blood urea nitrogen
(BUN) 14.5 mg/dl (normal range 6–20 mg/dl), and BUN/creatinine
ratio 12.2 (normal range 12–20). The results of an iron profile dem-
onstrated iron saturation of 9% (normal range 20–40%), transferrin
level 150 mg/dl (180–329 mg/dl), total iron binding capacity 210
μg/dl (normal range 261–450 μg/dl), and iron level 19 μg/dl (normal
range 49–175 μg/dl). The findings of a urinalysis showed urine
protein 1+, negative leukocyte esterase, negative nitrite, red blood
cell count of 2/high power field (HPF) (normal range 0–2), white
blood cell count 2/HPF (normal range 0–5), and pH 6 (normal range
5–8). The coagulation profile showed a prothrombin time of 13 sec-
onds (normal range 10–13) and internalized normalized ratio of 1.

CLINICAL COURSE

The patient was admitted to the hospital. CT of the chest,
abdomen and pelvis revealed a 3-cm consolidation in the upper
lobe of the left lung, subcentimeter pulmonary nodularity in the

Figure 1. Computed tomography of the abdomen revealing hepa-
tomegaly (white arrow) and splenomegaly (black arrow). The cranio-
caudal length of the right hepatic lobe is 21.6 cm. The spleen is
enlarged, with dimensions of 12.8 × 6.1 × 6.9 cm.

Figure 2. A and B, Interval development of a 3-cm left upper lobe consolidation in positron emission tomography scan (arrow in A) and
computed tomography (CT) of the chest (arrow in B). C, Subcentimeter pulmonary nodularity in the right lung on CT of the chest (arrow).
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right lung, bibasilar patchy ground-glass opacities, fibrotic
changes in the lung bases, hepatosplenomegaly, and bilateral
adrenal lesions (See Figures 1–3). The HIV test and tuberculosis
TB QuantiFeron were negative. Due to concerns of malignancy,
a positron emission tomography (PET) scan was conducted that
was consistent with the findings of the CT of the chest and abdo-
men and revealed multiple enlarged retroperitoneal and anterior
mediastinal lymph nodes (see Figures 4–6). Hematology and
oncology were consulted and recommended bone marrow
biopsy to rule out lymphoproliferative disorders. The bonemarrow
biopsy showed hypercellular marrow with multiple noncaseating
granulomas, and special stain grocott methenamine silver (GMS)
showed fungal spores with rare budding forms consistent with
Histoplasma species. Flow cytometry of bone marrow was nega-
tive for evidence of a clonal population of B cells or an abnormal
population of T cells. Cultures from a bronchoscopy done a
month ago at an outside hospital also resulted in histoplasmosis.
All the immunosuppressants were stopped. Infectious disease
was consulted and recommended administering amphotericin

B, followed by oral itraconazole, after which the patient reported
improvement.

Case study

A 62-year-old African American man with a past medical
history of long-standing sarcoidosis presented after hospital
admission with shortness of breath after a month with wors-
ening abdominal distention and pain for the last 3 weeks.
CT of the chest, abdomen, and pelvis revealed hepatosple-
nomegaly, bilateral adrenal lesions, and fibrotic changes in
the lung bases. Due to CT findings and pancytopenia, a bone
marrow biopsy was performed to rule out lymphoproliferative
disorders, which showed hypercellular marrow with multiple
noncaseating granulomas, and special stain GMS showed
fungal spores with rare budding forms consistent with
Histoplasma species. Amphotericin B was started, followed
by oral itraconazole.

DIFFERENTIAL DIAGNOSES

Differential diagnoses for this patient include sarcoidosis
flare-up, hematologic malignancy, disseminated histoplasmosis,
TB, HIV, primary lung cancer, and metastasis.

DISCUSSION

Sarcoidosis is an inflammatory disease characterized by
the formation of noncaseating granulomas in multiple organs
and tissues. Patients are predisposed to infections due to
immunosuppression. Histoplasmosis is the most prevalent
endemic mycosis in the US and is mainly found in Ohio and
Mississippi river valleys as well as in southeastern states (1).
Sarcoidosis and histoplasmosis can present very similarly,
involving uveitis, arthralgias, skin ulcers, erythema nodosum,
splenomegaly, and hepatitis, with similar radiologic findings of
hilar lymphadenopathy and reticulonodular opacities (2). The
most common findings in disseminated histoplasmosis include

Figure 4. Anterior mediastinal fluorodeoxyglucose-avid lymph
nodes, the largest measuring 1.5 cm in length on positron emission
tomography (arrow). Color figure can be viewed in the online issue,
which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.
25162/abstract.

Figure 3. A and B, Bilateral patchy ground-glass opacities and scarring on computed tomography of the chest (arrows).
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splenomegaly (72.0%), hepatomegaly (68.1%), and lymphade-
nopathy (41.2%) (3). Involvement in sarcoidosis constitutes
mediastinal lymphadenopathy (90%), peripheral

lymphadenopathy (40%), cutaneous (25%), ocular (25%),
hepatomegaly (20%), splenomegaly (6%), and musculoskele-
tal, including polyarthralgia (10%) (4).

Histoplasmosis can present clinically in varied forms, ranging
from asymptomatic infection, acute or chronic pulmonary
infection, mediastinal fibrosis or granulomas, or as chronic dis-
seminated histoplasmosis. Patients with disseminated histoplas-
mosis have high levels of antigenuria and antigenemia. It
provides rapid and accurate diagnosis with a sensitivity and spec-
ificity of >90% (5). The standard methodology for serology is
immunodiffusion, which is more specific (100%) than sensitive
(70%) (5). Histopathology is frequently used to diagnose histo-
plasmosis but lacks sensitivity (40%) and facilitates diagnosis pri-
marily in patients with acute, chronic disseminated infection or
severe pulmonary infection (5). Definitive diagnosis is still based
on isolating and identifying histoplasma, and the culture has a
sensitivity of almost 85% in disseminated histoplasmosis (5). The
treatment includes amphotericin B, and once there is improve-
ment in the symptoms, it can be transitioned to itraconazole after
1 or 2 weeks, which is continued for at least 1 year to reduce the
risk of relapses. Once started on itraconazole, histoplasma anti-
gens are checked in urine and serum for the first few months
and then at 3-month intervals until treatment is finished (6).

Immunosuppressed patients, e.g., transplant recipients,
patients with AIDS, and those receiving glucocorticoids, can-
not develop a proper cell-mediated immunity against the
pathogen, which leads to the dissemination of the fungi (7).
Patients with active sarcoidosis already have suppressed
cell-mediated immunity; doses of steroids and immunosup-
pressive medications further exacerbate this immunosup-
pression, increasing the risk for atypical/opportunistic
infections. Our patient presented with abdominal pain
and distention and was found to have hepatosplenomegaly
and lymphadenopathy, which are common symptoms of
both sarcoidosis and disseminated histoplasmosis. This
underscores the importance of conducting a thorough

Figure 5. Coronal view of a positron emission tomography scan
revealing hepatomegaly (white arrow), splenomegaly (black arrow),
and consolidation in the upper lobe of the left lung (black arrow with
white outline). Color figure can be viewed in the online issue, which is
available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25162/
abstract.

Figure 6. A and B, Intensely fluorodeoxyglucose-avid right adrenal mass measuring 3.5 cm in length (arrow in A) and left adrenal mass
measuring 2.4 cm in length (arrow in B), along with retroperitoneal nodes. Color figure can be viewed in the online issue, which is available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.25162/abstract.
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evaluation, including biopsy, culture collection, serology, and
radiography, to rule out any infectious causes before diag-
nosing a sarcoidosis flare. Improper treatment can lead to
significant morbidity and even mortality.

In summary, there is considerable overlap in the clinical,
pathologic, and radiologic presentations of histoplasmosis and
sarcoidosis. Therefore, physicians must remain vigilant and
consider the possibility of opportunistic infections when patients
with sarcoidosis experience worsening symptoms. Prompt and
accurate diagnosis can make a significant difference in patient
outcomes.

FINAL DIAGNOSIS

Disseminated histoplasmosis.
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B R I E F R E P O R T

Incorporating Telemedicine in Rheumatology Fellowship
Training Programs: Needs Assessment, Curricular
Intervention, and Evaluation

Marcy B. Bolster,1 Jason Kolfenbach,2 Alexandra Poeschla,1 Lisa Criscione-Schreiber,3 Faye Hant,4

Rumey Ishizawar,5 Beth Jonas,5 David Leverenz,3 Kenneth S. O’Rourke,6 Rachel M. Wolfe,7

and Lisa Zickuhr8

Objective. To increase the confidence of rheumatology fellows in training (FITs) in delivering virtual care (VC) and
prepare them for independent practice, we developed educational materials addressing gaps in their skills.

Methods. We identified gaps in telemedicine skills based on FIT performance in a virtual rheumatology objective
structured clinical examination (vROSCE) station on VC delivery using video teleconference technology and survey
(survey 1) responses. We created educational materials including videos of “mediocre” and “excellent” VC examples,
discussion/reflection questions, and a document summarizing key practices. We measured change in the confidence
levels of FITs for delivering VC with a post-intervention survey (survey 2).

Results. Thirty-seven FITs (19 first-year, 18 second- plus third-year fellows) from 7 rheumatology fellowship train-
ing programs participated in a vROSCE and demonstrated gaps in skills mapping to several Rheumatology Telehealth
Competency domains. Confidence levels of FITs improved significantly from survey 1 to survey 2 for 22 of 34 (65%)
questions. All participating FITs found the educational materials helpful for learning and reflecting on their own VC
practice; 18 FITs (64%) qualified usefulness as “moderately” or “a lot.” Through surveying, 17 FITs (61%) reported
implementing skills from the instructional videos into VC visits.

Conclusion. Continually assessing our learners’ needs and creating educational materials addressing gaps in
training are requisite. Using a vROSCE station, needs assessments, and targeted learning with videos and
discussion-guidance materials enhanced the confidence level of FITs in VC delivery. It is imperative to incorporate
VC delivery into fellowship training program curricula to ensure breadth in skills, attitudes, and knowledge of new
entrants into the rheumatology workforce.

INTRODUCTION

Telemedicine, the delivery of synchronous and asynchro-

nous patient care using technology platforms, was gaining

momentum when the onset of the COVID-19 pandemic occurred

in February 2020. The pandemic subsequently prompted wide-

spread clinical and educational integration of virtual care (VC), a

synchronous form of health care delivery through the use of

audio-only or video teleconference technology (1–5). A unique

skillset is necessary for patients and clinicians to effectively

engage in VC, including successfully interacting with technology,

addressing barriers to equitable access to VC, performing a virtual

physical examination, and developing “webside” manner (6).

Notably, 2 surveys of rheumatology fellows-in-training (FITs) in

2020 highlighted the interruption of clinical training alongside

inadequacies of teaching and supervision during VC encounters

(7,8). FITs perceived a reduced quality of clinical teaching during

VC encounters, with 70% of FITs reporting a negative or slightly

negative impact of VC on teaching quality (7), highlighting the

need for improved curricular content and clinical training.
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The rheumatology specialty has expanded its educational
footprint in VC to address the gaps identified in the 2020 FIT sur-
veys (7,8). The American College of Rheumatology (ACR) Core
Curriculum now includes telehealth topics. Additionally, based
on the Association of American Medical College’s Telehealth
Competencies (9), the ACR Committee on Training and Work-
force developed the Telehealth Competencies outlining the core
domains and skills necessary for VC in rheumatology (10). Despite
these initiatives, gaps in fellowship training persist and must be
addressed to keep pace with the continued implementation and
advancement of VC.

In this study, we present an updated needs assessment for
VC training, nearly 2 years after the 2020 FIT surveys (7,8), utiliz-
ing input from trainees and faculty from geographically diverse
programs, as well as direct observation of FIT clinical perfor-
mance during a simulated VC encounter. Second, guided by the
needs assessment, we implemented an educational initiative
and assessed its impact on FIT confidence in providing VC.

MATERIALS AND METHODS

Participants. FITs from 2 collaborative groups, represent-
ing 7 rheumatology fellowship training programs, participated
in this study. The first group comprised a well-established
collaborative between 5 fellowship training programs, the
Carolinas Fellows Collaborative-Massachusetts General Hospital
(CFC-MGH) group: Duke University; University of North Carolina;
Wake Forest University; Medical University of South Carolina;
and Massachusetts General Hospital. The second group com-
prised Washington University in St. Louis (WUSL) and the Univer-
sity of Colorado (CU) rheumatology fellowship training programs;
these programs were added based on ongoing collaboration
between study authors (MBB, JK, and LZ) with a specific focus
on fellowship training program curriculum design in telemedicine.

Assessment of baseline VC encounter skills. Both col-
laboration groups sponsored a virtual rheumatology objective

structured clinical examination (vROSCE) (February or March
2022) that included one station simulating a video teleconference
patient encounter in the rheumatology outpatient setting. This
station was created (by MBB, reviewed, edited, and approved
by all coauthors) to evaluate FITs providing VC, and assessment
was based on the Accreditation Council of Graduate Medical
Education (ACGME) Core Competencies (11) and ACR Telehealth
Competencies (10).

The VC station (see Supplementary Appendix A, available on
the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.25165) was 10 minutes in duration fol-
lowed by 2 minutes for feedback to the trainee. The FIT received
instructions prior to starting the vROSCE station. The simulated
video teleconference encounter featured a patient actor with sta-
ble lupus who was planning a pregnancy. There were 4 patient
actors, as each of the vROSCEs (CFC-MGH andWUSL-CU) con-
sisted of 2 simultaneous circuits to accommodate all FITs. Each
patient actor was provided with written instructions for the station
and received pre-ROSCE training for their roles by the lead faculty
preceptor. The faculty preceptor and patient actor used stan-
dardized checklists to assess fellows’ performance of VC delivery
and medical knowledge of reproductive health considerations for
patients with lupus. Faculty vROSCE checklist items specific to
VC mapped to the Rheumatology Telehealth Competencies
domains (10) of patient safety and appropriate use, communica-
tion skills, data acquisition and assessment, and systems-based
practice, while patient vROSCE checklist items mapped to the
2 domains of patient safety and appropriate use and communica-
tions skills.

Needs assessment survey. In the absence of a previously
validated survey that fit our study aims, we created a 34-question
survey (see Supplementary Appendix B, available on the Arthritis

Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.25165) assessing FIT confidence levels regarding
VC skill development, mapping survey 1 questions to domains
within the Rheumatology Telehealth Competencies (10).

Links and QR codes to survey 1 were distributed to FITs via
email after participation in the vROSCE. Survey participation was
voluntary and anonymous, and FITs provided consent for partici-
pation before submitting responses in RedCap. Survey develop-
ment occurred at MGH, and the MGH Institutional Review Board
approved its distribution.

Educational materials. The results of survey 1 and FIT
performance on the vROSCE station were used to develop VC
educational materials, addressing skills identified as areas of low
confidence by FITs and low performance by vROSCE preceptors.
Educational materials (see Supplementary Table 1, available on
the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.25165) included 2 videos of “mediocre”
and “excellent” staged outpatient visits to guide FITs in

SIGNIFICANCE & INNOVATIONS
• The targeted design of educational materials to

address gaps in virtual care (VC) skills enhances
the confidence levels of rheumatology fellows in
training (FITs) in VC delivery.

• Content conveyed through instructional videos and
accompanying educational materials demonstrat-
ing nuanced differences between “mediocre” and
“excellent” VC practices is highly transferrable to
the VC clinical practice of rheumatology FITs.

• Resource sharing within a broad rheumatology
education community will enrich the opportunities
for learning as well as strengthen the preparedness
of our FITs, the new entrants into our workforce.
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distinguishing nuances in VC delivery skillsets. The videos
depicted a virtual follow-up encounter with a patient actor
(AP) portraying a person recently diagnosed with rheumatoid
arthritis and a clinician (MBB). FITs also received a table outlining
the differentiating characteristics between the “mediocre” and
“excellent” videos, including features related to communication
skills (the clinician’s camera positioning, use of pointed versus
open-ended questioning for obtaining the history, “webside man-
ner”), data collection and assessment (virtual physical examina-
tion), patient safety and appropriate use (characteristics aligning
with suitability for virtual versus in-person care) and systems-
based practice (post-visit implementation of the patient care
plan). Last, FITs received self-reflection questions prompting
self-analysis of their abilities to deliver VC and areas for potential
development. Self-reflection data were not collected. The educa-
tional materials were distributed to the FITs (March through June
2022) after their participation in the vROSCE station. FITs volun-
tarily interacted with the educational materials, either individually
or as a small-group learning activity within their training programs.
We did not collect validity evidence in the use and distribution of
the educational materials because the materials were designed
with the intent of providing flexibility for implementation at various
programs; each training program was allowed to implement the
educational materials as best fit their setting and needs.

Evaluation of educational materials and skills
progression survey. The second survey (see Supplementary
Appendix C, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.25165) was dis-
tributed to FITs who completed survey 1, and it reassessed FIT
confidence in performing skills requisite to VC, comprising the
initial 34 questions (survey 1) with 8 additional questions about
learning and change in practice related to the educational mate-
rials. Survey 2 was distributed to FITs via email link and QR
code for completion in RedCap, 4 months after completion of
survey 1.

Statistical analysis. Statistical analyses were performed
using SPSS. Data are presented as the entire group of FITs as
well as a subgroup analysis of first-year FITs and second-
plus-year (second- and third-year) FITs. Chi-square analysis and
Mann-Whitney U tests determined demographic differences
between first- and second-plus-year FITs.

We calculated the total scores awarded by faculty and
patient actors on vROSCE checklists and the total confidence
scores submitted by FITs on survey 1 in each Rheumatology Tel-
ehealth Competency domain. Aggregate scores for each domain
were converted to total percentages and were compared across
FITs, faculty, and patient-generated data (limited to 2 domains
scored by the patient actors) using chi-square analysis, thereby
triangulating data sources to identify areas in which FITs could
benefit from additional training. Wilcoxon’s signed rank test was

used to compare pre- and post-survey responses for the entire
group, for first-year FITs, and for second-plus-year FITs.

RESULTS

Participants. Thirty-seven FITs (19 first-year fellows and
18 second-plus-year fellows) from 7 rheumatology fellowship
training programs participated in a vROSCE and were then invited
to complete survey 1. Thirty (30 of 37, 81%) FITs completed sur-
vey 1 (Table 1). Data from vROSCE for 35 FITs were available;
technology failures prevented 2 FITs from completing the
vROSCE station. Most fellows surveyed had participated in VC
for ≥18 months, although a significant proportion of first-year FITs
had <12 months of experience compared to the second-
plus-year group (P < 0.001).

Needs assessment: survey 1 and vROSCE. Faculty and
patient actor assessment of FIT vROSCE performance revealed
insufficiencies triangulating with fellows’ self-reported confidence
in VC skills (Table 2). Faculty identified a gap in FIT skills within
the Rheumatology Telehealth Competency domain of patient
safety and appropriate-use at a level commensurate with fellow
self-reported confidence, while patients scored FITs skills in
patient safety and appropriate-use more favorably (χ2 = 6.423,
P = 0.04). FITs and faculty similarly identified opportunities for
improvement in systems-based practice (χ2 =3.227, P = 0.072),
while FITs self-reported gaps in data acquisition (e.g., gathering
patient-generated data, conducting the virtual physical examina-
tion) and assessment at a significantly greater degree than faculty
observed (χ2 = 6.737, P = 0.009). FITs self-reported significantly
lower VC encounter communications skills than were observed
by faculty and patients during the vROSCE (χ2 = 9.233, P = 0.01).

Survey 1 contained questions mapping to content beyond
the scope of the vROSCE, further revealing that at least one-
fourth of participating FITs lacked confidence in developing rap-
port during audio-only encounters (45%), in engaging patients’
care partners during audio-only (90%) and video teleconference

Table 1. Demographic characteristics of fellows in training
participants*

Survey 1
(n = 30)

Survey 2
(n = 28)

Male sex 16 (53.5) 14 (50.0)
Year in fellowship
First 13 (43.3) 12 (42.9)
Second-plus† 17 (56.6) 16 (57.2)

Participated in ≥18 months
of virtual care

First year, no./total no. (%) 7/13 (54) –

Second-plus-year, no./total
no. (%)

16/17 (94) –

* Values are the number (%) unless indicated otherwise.
† Second-plus-year: second- and third-year fellows were combined
due to small numbers of third-year fellows.
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visits (45%), in obtaining comprehensive histories during
audio-only encounters (25%), in incorporating remote patient
data (35%), and in knowing the legal limitations of VC (60%).

FIT evaluation of educational materials and self-
assessment of skill progression (survey 2). Survey 2 was
completed by 28 of 30 FITs who completed survey 1 (93%), and
27 (94%) indicated educational materials utilization. FITs engaged
with the educational materials independently (54%) and in groups
(46%). All participating FITs deemed the educational materials
useful for considering their own VC practice, and 64% rated help-
fulness as “moderately” or “a lot.” Seventeen FITs (61%) reported
implementing skills from the educational materials into their own
VC visits.

A significant improvement in confidence levels was demon-
strated from survey 1 to survey 2 for 22 of 34 (65%) questions
(Table 3). Confidence in VC skills with most significant improve-
ment included recognizing and mitigating one’s own unconscious
biases, developing rapport in a video teleconference visit, engag-
ing the patient’s care partner in an audio-only visit, informing the
patient about pre-visit logistics, performing virtual physical exam-
inations, and knowledge of legal limitations. Areas in which confi-
dence levels were high in both surveys, thus not changing
significantly among the entire group of FITs, included the ability
of FITs to use and instruct a patient in VC technology, engaging
the patient’s care partner in a video teleconference visit, perform-
ing a comprehensive history, and instructing the patient in post-
visit care coordination.

In a subgroup analysis, first-year FITs demonstrated signifi-
cant improvement in level of confidence in only 4 survey items:
developing rapport within a video teleconference visit; conducting
a virtual musculoskeletal examination; being able to use the virtual
platform for a video teleconference visit; and acknowledging legal
limitations.

Second-plus-year FITs demonstrated significant improve-
ment in level of confidence in 16 items including: determining
appropriateness for a virtual care visit based on patient-and
disease-specific parameters; recognizing and mitigating uncon-
scious biases; establishing rapport in an audio-only and video
teleconference visit; engaging the care partner, pre- and post-visit
care and logistics; legal aspects of virtual care; shared decision-
making; and use of remote patient data.

Additionally, when asked on survey 2 to compare confidence
levels in VC abilities as compared to these abilities during in-person
visits, the second-plus-year FITs reported increased confidence in
performing valuable virtual musculoskeletal, skin, and neurologic
physical examinations, participating in shared decision-making,
and pre- and post-visit coordination of care within the VC setting
in the time period between survey 1 and survey 2.

DISCUSSION

VC is now well integrated into the care of patients with rheu-
matic diseases, offering options for care delivery as well as poten-
tially improving access to care in underserved areas. In
recognizing the ongoing impact of the rheumatology workforce
shortage (12), in showing awareness of a maldistribution of rheu-
matologists across the US that provides large regions with limited
access to rheumatology clinicians (13), and in acknowledging
mobility limitations of many of our patients, virtual care is an asset
to enhancing access to rheumatology care. As such, it is impera-
tive that fellowship training programs incorporate VC delivery into
curricula (14) to ensure breadth in the skills, attitudes, and knowl-
edge of new entrants into the rheumatology workforce. VC curric-
ula must integrate tenets of the ACGME Core Competencies (11)
and Rheumatology Telehealth Competencies (10), while remain-
ing flexible to address evolving areas of need.

Two years into the pandemic, this study’s data highlight
ongoing gaps in training. Surveys of FITs early in the pandemic

Table 2. Comparison of mean scores from Survey1 (fellows in training [FITs] self-assessment of confidence levels) and virtual rheu-
matology observed structured clinical examination (vROSCE) checklist items (faculty and patient actor assessment of FITs) across
rheumatology telehealth competency domains*

Rheumatology TH competency
domains

FIT
self-assessment

Faculty assessment
of FIT

Patient actor
assessment of FIT

χ2 for TH
domain P

Patient safety and appropriate
use†

68.7 (33.3–100) 57.4 (25–100) 86.9 (20–100) 6.42 0.04

Communication skills‡ 62.9 (50–100) 96.5 (86.5–100) 98.2 (90–100) 9.23 0.01
Data collection and assessment§ 59.8 (33.3–100) 92.0 (66.6–100) – 6.74 0.009
Systems-based practice¶ 63.6 (33.3–100) 85.8 (62.5–100) – 3.23 0.072

* Values are the mean score % (% range) unless indicated otherwise. TH = telehealth.
† Included items related to teaching patients about the use and application of the video teleconference platform and determining if
a patient is appropriate for a virtual care visit based on patient- and disease-specific parameters.
‡ Included items related to establishing rapport during a video teleconference visit, speaking respectfully to patients, and informing
patients about post-visit care.
§ Included items related to gathering a history, examining the patient, and collecting other clinical data during a video teleconfer-
ence visit; patient actors did not assess this domain during the vROSCE.
¶ Systems-based practice included items related to establishing workflow expectations with the patient and acknowledging the
limitations of virtual care; patient actors did not assess this domain during the vROSCE.
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identified deficiencies in supervision, inadequate teaching of the
virtual physical examination, concerns regarding accurate clinical
assessments in the VC environment, and enhancing the VC visit

experience for patients and clinicians as areas of concern (7,8).
While some aspects of the VC visit, faculty supervision, and
teaching have likely improved since the time of the initial FIT

Table 3. Change in levels of confidence among the entire group of fellows in training (FITs)*

Question Survey1 Survey2† P

I can teach my patient about the use and application of the audio-only
telemedicine platform

2.17 ± 0.592 2.43 ± 0.634 0.097

I can teach my patient about the use and application of the video telemedicine
platform

2.13 ± 0.629 2.36 ± 0.621 0.058

I can determine if my patient is appropriate for a virtual care visit based on
patient-specific parameters

2.07 ± 0.521 2.39 ± 0.567 0.007

I can determine if my patient is appropriate for a virtual care visit based on
disease-specific parameters

2.03 ± 0.615 2.43 ± 0.504 0.002

I am able to recognize my own unconscious biases and mitigate the impact on
patient care

1.60 ± 0.563 2.25 ± 0.585 <0.001

I can address my patient’s ability to access the telemedicine platform 1.77 ± 0.568 2.11 ± 0.567 0.007
I can select a patient for a telehealth visit such that it will enhance the care I am
providing

2.03 ± 0.490 2.25 ± 0.518 0.058

I am able to develop rapport with my patient in an audio- only virtual care visit 1.67 ± 0.547 2.00 ± 0.544 0.013
I am able to develop rapport with my patient in a video virtual care visit 1.30 ± 0.535 1.86 ± 0.591 0.001
I am able to engage my patient’s care partner during an audio-only virtual care
visit

1.17 ± 0.461 1.68 ± 0.670 0.003

I am able to engage my patient’s care partner during a video virtual care visit 1.60 ± 0.563 1.86 ± 0.591 0.071
I am able to inform my patient about pre-visit preparation for the telehealth visit 1.57 ± 0.626 2.04 ± 0.508 0.003
I am able to inform my patient about post-visit care (includes labs, x-rays, follow-
up scheduling)

2.13 ± 0.507 2.25 ± 0.585 0.317

Compared to in-person visits, I am able to informmy patient about post-visit care
(includes labs, x-rays, follow- up scheduling)

1.90 ± 0.481 2.11 ± 0.416 0.034

I can participate in shared decision making with my patient via telehealth visit 2.0 ± 0.371 2.25 ± 0.441 0.020
Compared to in-person visits, I can participate in shared decision making with my
patient via telehealth visit

1.87 ± 0.434 2.04 ± 0.331 0.025

Compared to in-person visits, I can obtain a comprehensive history via a
telehealth encounter

1.87 ± 0.507 2.04 ± 0.429 0.046

I can obtain a comprehensive history via an audio-only telehealth encounter 2.0 ± 0.587 2.21 ± 0.499 0.132
I can obtain a comprehensive history via a video telehealth encounter 2.13 ± 0.507 2.29 ± 0.460 0.317
I can conduct a valuable MSK physical examination via telehealth 1.37 ± 0.615 1.93 ± 0.604 <0.001
I can conduct a valuable skin physical examination via telehealth 1.40 ± 0.563 1.89 ± 0.629 0.003
I can conduct a valuable neuro physical examination via telehealth 1.20 ± 0.484 1.79 ± 0.686 0.001
Compared to in-person visits, I can conduct a valuable MSK physical examination
via telehealth

1.10 ± 0.403 1.50 ± 0.694 0.005

Compared to in-person visits, I can conduct a valuable skin physical examination
via telehealth

1.17 ± 0.431 1.46 ± 0.693 0.021

Compared to in-person visits, I can conduct a valuable neuro physical
examination via telehealth

1.07 ± 0.365 1.46 ± 0.693 0.005

I can incorporate remote patient data collection into my telehealth visit (such as a
pre-visit Rapid 3)

1.73 ± 0.583 2.07 ± 0.604 0.033

Compared to in-person visits, I can incorporate remote patient data collection
into my telehealth visit (such as a pre-visit Rapid 3)

1.67 ± 0.547 2.00 ± 0.609 0.013

I can use the virtual platform to conduct an audio-only telehealth visit 2.17 ± 0.531 2.29 ± 0.600 0.564
I can use the virtual platform to conduct a video telehealth visit 2.10 ± 0.607 2.36 ± 0.559 0.109
I know the legal limitations for conducting a telehealth visit 1.43 ± 0.626 2.07 ± 0.716 0.001
I am able to provide HIPAA-compliant care via a telehealth visit 1.87 ± 0.629 2.32 ± 0.548 0.005
Compared to in-person visits, I am able to provide HIPAA- compliant care via a
telehealth visit

1.80 ± 0.551 2.00 ± 0.609 0.132

I can establish workflow expectations with my patient in a virtual care visit 1.90 ± 0.607 2.11 ± 0.567 0.096
Compared to in-person visits, I can establish workflow expectations with my
patient in a virtual care visit

1.77 ± 0.626 1.96 ± 0.508 0.096

* Values are the mean ± SD unless indicated otherwise. Survey1 and survey2 asked FITs to indicate their level of confidence as 1) “Lack
confidence,” 2) “Feel confident,” or 3) “Confident in rolemodeling and teaching this to others.”When comparing level of confidence for a virtual
care encounter to an in-person encounter, FITs indicated their level of confidence as 1) “Have less confidence,” 2) “Feel equally confident,” or
3) “Feel more confident.” HIPPA = Health Insurance Portability and Accountability Act; MSK = musculoskeletal.
† Survey2 was conducted 4 months after survey1.
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surveys (7,8), our study demonstrates areas warranting continued
enrichment. Current lack of standardization and definition of best
practices represent challenges for faculty development in the area
of teaching in the VC setting. The virtual physical examination (part
of the Rheumatology Telehealth Competencies domain of Data
Acquisition and Assessment) is highlighted as a gap in training in
our study. We identified low levels of fellows’ confidence in addi-
tional areas such as optimizing the VC experience for patients,
developing rapport, engaging the care partner, and outlining
pre-visit preparation for VC encounters for the patient. These fea-
tures are integral for the development of “webside manner,” an
area uniquely deserving of attention in the training environment.
FITs expressed low confidence levels in areas not identified as
gaps by faculty or patients, and it is important to address these
and include this content in curricular initiatives to build trainees’
confidence in VC practice.

Based on survey data and evaluations from a vROSCE sta-
tion, we created educational materials in the form of instructional
videos, comparison tables outlining the distinguishing character-
istics between the “mediocre” and “excellent” videos, and dis-
cussion questions that were well received. The vROSCE station
itself can be used as a formative assessment tool to provide direct
observation and immediate feedback to FITs on skills in the VC
setting. This study describes the piloted implementation of these
curricular elements in 7 fellowship training programs, thereby
enhancing the generalizability for successful implementation
within the wider rheumatology education community.

Survey 2 was administered 3–4 months after survey 1, as it
was expected that FITs would gain confidence in many aspects
of rheumatology ambulatory care by virtue of accomplishing
another 25–33% of a year of training. Additionally, targeted edu-
cational materials addressing areas of low confidence levels and
vROSCE station-identified gaps in VC skills by FITs were pro-
vided. Interestingly, the second-year FITs noted a significant
improvement in level of confidence on more survey questions
(16 questions) compared to the first-year FITs (4 questions), and
this is likely multifactorial. Most second-plus-year FITs had had
>18 months of VC experience, and additionally, toward the end
of the second year of training, FITs have greater skills in general
rheumatology patient care and thus may be more apt to focus
on distinctive areas of professional growth, such as VC delivery.
First-year FITs may still be focused on areas of more foundational
learning, thus the expansion of VC skills may come later, such as
during years 2 and 3 of training. The educational videos similarly
may have provided more nuanced educational value for second-
plus-year compared to first-year FITs.

Limitations of this study include its small size and anonymity,
permitting assessment of data in aggregate, and that it precluded
assessment of an individual’s improvement. VC skills were
assessed with direct observation (a strength); however, the
vROSCE station had a 10-minute-imposed time limit, which may

contribute to erroneously identified skillset gaps based on time
limitations. While reassessment of the confidence levels of FITs
was collected (survey 2), a follow-up vROSCE VC station was
not conducted to reassess the skills acquisition of FITs over time.
The vROSCE station was limited to a video teleconference
assessment activity; audio-only VC visits, although assessed in
survey 2 for FIT confidence levels, were not part of the formative
assessment of the vROSCE station. Not all trainees found high
value in the VC educational materials, and solicitation of additional
feedback from this group would be useful to aid in the future
development of materials with both appeal and effectiveness for
our trainees. Additionally, improvements in FIT confidence
between survey 1 and survey 2 may not have been attributable
solely to the educational materials, but rather have stemmed from
instruction in their individual training programs as well as the
growth that occurs with greater time in training.

The strengths of this study include a targeted approach to
addressing gaps in FIT education as identified by a combination
of a needs assessment survey, FIT performance in a simulated
VC setting, and published areas of identified concern (7,8). Further,
this study broadly represents differing program sizes and geo-
graphic locations. There was a high response rate on both surveys,
and the surveys identified many areas of significant improvement
with the implemented curricular additions. Additionally, the curricu-
lar tools of the vROSCE station and the educational videos do not
require in-person participation; these could feasibly be shared with
any rheumatology fellowship training program.

Published surveys of FITs (7,8), integrated with foundational
tools such as the ACGME Core Competencies (11) and Rheuma-
tology Telehealth Competencies (10), contribute to directing cur-
ricular design in a time of an evolving landscape of VC, fulfilling
the educational best practice of continually reassessing learners’
needs and addressing gaps in training. Our educational materials
can be adapted to other training programs, including pediatric
rheumatology and other specialties, where different skillsets can
be addressed. Resource sharing within a broad rheumatology
education community will enrich the opportunities for learning,
as well as strengthen the preparedness of our FITs, the new
entrants into our workforce.
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B R I E F R E P O R T

Virtual Learning and Assessment in Rheumatology
Fellowship Training: Objective Structured Clinical
Examination Revisited

Rachel M. Wolfe,1 Faye N. Hant,2 Rumey C. Ishizawar,3 Lisa G. Criscione-Schreiber,4 Beth L. Jonas,3

Kenneth S. O’Rourke,5 and Marcy B. Bolster6

Objective. With the onset of the COVID-19 pandemic, an annual multi-institutional face-to-face rheumatology
objective structured clinical examination (ROSCE) was transformed into a virtual format. The educational goals of the
virtual ROSCE (vROSCE) were to reproduce the educational value of the previous in-person ROSCE, providing a valu-
able formative assessment of rheumatology training activities encompassing the 6 Accreditation Council for Graduate
Medical Education (ACGME) core competencies for fellows-in-training (FITs). This article describes the novel design,
feasibility, and stakeholder value of a vROSCE.

Methods. Through an established collaboration of 5 rheumatology fellowship training programs, in February 2021,
a vROSCE was created and conducted using a Zoom platform. Station development included learning objectives, FIT
instructions, faculty proctor instructions, and a checklist by which to provide structured formative feedback. An anon-
ymous, optional web-based survey was sent to FIT participants to evaluate the experience.

Results. Twenty-three rheumatology FITs from 5 institutions successfully rotated through 6 stations in the
vROSCE. Immediate feedback was given to each FIT using standardized rubrics structured around ACGME core com-
petencies. A total of 65% of FITs (15 of 23) responded to the survey, and 93% of survey respondents agreed or strongly
agreed that the vROSCE was a helpful educational activity and identified individualized opportunities for improvement.

Conclusion. A vROSCE is an innovative, feasible, valuable, and well-received educational technology tool. The
vROSCE enriched rheumatology FITs’ education and offered collaborative learning experiences across institutions.

INTRODUCTION

The objective structured clinical examination (OSCE) is a
well-described tool used in medical education, providing both for-
mative and summative assessments (1–4). Since 2006, the Caro-
linas Fellows Collaborative, a multi-institutional collaboration
composed of the fellows-in-training (FITs) and program directors
from Duke University, Medical University of South Carolina
(MUSC), University of North Carolina (UNC) at Chapel Hill, and
Wake Forest (WF) School of Medicine, with the addition of Massa-
chusetts General Hospital (MGH) in 2014, has conducted an
annual rheumatology OSCE (ROSCE) (5). This activity provides
assessments to individual FITs to help identify knowledge gaps
and to the program directors to inform additional training and

educational activity development within and between fellowship
training programs. The annual ROSCE has included 6–8 stations,
assessing FITs’ performance through station-specific checklists,
with FITs receiving immediate feedback following direct observa-
tion by faculty and/or simulated patients. The composite scope
of the stations provides assessment across all 6 Accreditation
Council for Graduate Medical Education (ACGME) core compe-
tencies, which include patient care, medical knowledge, interper-
sonal and communication skills, professionalism, problem-based
learning and improvement, and systems-based practice (6).

To maintain delivery of a yearly ROSCE in the 2020–2021
academic year, a year enveloped by the COVID-19 pandemic,
adapting the ROSCE to the virtual setting was necessary to com-
ply with ongoing public health recommendations regarding
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restrictions on travel and group meetings. Building on the experi-

ence gained by others using virtual formats to perform OSCEs

(7,8), we created and implemented a virtual ROSCE (vROSCE).

Here we describe the transition of a successful annual multi-

institutional in-person ROSCE to a virtual educational and assess-

ment activity with enriched station content for the virtual land-

scape, learner, and program evaluations, and we identify

strengths and limitations of a vROSCE.

SUBJECTS AND METHODS

The vROSCE planning committee (the authors), included a
collective 92 years of experience as program directors and com-
prised 5 current program directors, 1 division director, and 1 com-
munity practice rheumatologist. The vROSCE participants
included first- and second- year FITs from 5 rheumatology fellow-
ship training programs. All FITs were required to participate unless
pre-excused by their respective program director. There were
23 FITs who completed the vROSCE, with the following comple-
ment of FITs participating from each institution: 7 from Duke,
5 from MUSC, 4 from UNC, 3 from WF, and 4 from MGH. In total,
there were 12 first-year FITs and 11 second-year FITs. The edu-
cational aim of the vROSCE was to provide, in a virtual setting,
assessments for the 6 ACGME core competencies for FITs as
previously provided through an annual in-person ROSCE. The
vROSCE was administered using the Zoom virtual platform.

vROSCE design. The vROSCE stations were modeled after
ROSCE stations previously implemented at in-person Carolinas
Fellows Collaborative ROSCEs and were designed to address
fundamental skills for rheumatology FITs, as outlined in the
ACGME Program Requirements for Graduate Medical Education
(GME) in Rheumatology (9). The vROSCE included 2 parallel

circuits of 6 stations run concurrently, with 12 faculty proctors
from the participating institutions. Planning faculty developed
instruction forms for each station, including station content, learn-
ing objectives, and expectations. Station authors provided train-
ing and scripting for station proctors to ensure accurate station
information, highlight important details and clarifications, and pro-
vide guidance on the assessment tools. A unique virtual care tele-
medicine station, simulating a virtual ambulatory visit, included
2 patient actors; both are actual patients of the telemedicine sta-
tion proctors. Patient actors were provided similar instruction
forms to guide the virtual encounter vROSCE station. Similar to
the previous in-person ROSCE, all FITs received instructions and
an overview of each vROSCE station scenario and expectations
via email prior to participation.

Assessment tools. Each vROSCE station included a
checklist tool for FIT performance. Most checklist tools were pre-
viously used for similar in-person ROSCE stations, several of
which had been previously validated (10). These tools were
adapted as indicated for the specific content of the vROSCE.
Each station’s checklist delineated the ACGME core competen-
cies being assessed; the telehealth vROSCE station additionally
incorporated the Association of American Medical Colleges tele-
health competencies into the assessment tool (11). These check-
list forms provided the basis for the feedback provided to each FIT
immediately upon completion of each station during the allotted
feedback time.

Station design and competency assessment. The
vROSCE stations (Table 1) were designed to assess skills span-
ning the ACGME core competencies and topics crucial to rheu-
matology practice, with the intent of providing immediate
feedback to FITs to identify areas for growth. Interactive stations
were precepted by a faculty proctor and included 1 simulated vir-
tual patient encounter, 2 simulations involving giving advice via
telephone to a colleague, and 3 oral examination-style stations.
Some stations from the prior in-person ROSCE were not suitable
for the virtual format, such as an interactive rehabilitation station
with ambulatory aids or braces and a procedural station; thus
these were not integrated into the vROSCE. The faculty proctor
observed FIT performance with the video turned off to better rep-
licate the true clinical scenario in 2 vROSCE stations: New patient
virtual care visit and PCP phone call.

Most performance assessment forms evaluated skills on a
4-point scale: 1) incorrect or not addressed/discussed, 2) incom-
plete and/or partially correct, 3) generally correct and/or com-
plete, and 4) complete and/or correct. Forms also included
global ratings for medical knowledge. For several stations, com-
petencies including professionalism, systems-based practice,
and interpersonal communication skills were rated using a
4-point rubric from 1 = not done to 4 = completed fully. Space
was included for narrative comments from the proctor. A sample

SIGNIFICANCE & INNOVATIONS
• This study describes the design, feasibility, and

stakeholder value of a virtual rheumatology objec-
tive structured clinical examination (vROSCE).

• Fellows-in-training (FITs) from 5 institutions suc-
cessfully completed a vROSCE and received imme-
diate formative feedback using standardized
rubrics structured around Accreditation Council for
Graduate Medical Education core competencies.

• A novel telemedicine station incorporated a patient
actor and case for which learners were evaluated
on their virtual patient care delivery and communi-
cation skills.

• The vROSCE was rated highly by FITs and identified
individualized opportunities for improvement.

• A vROSCE provides an opportunity to leverage
multi-institution expertise and cross collaboration
across training programs.
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assessment form can be found in Supplementary Figure 1, avail-
able on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25170.

Faculty proctors. All 12 faculty proctors are currently or
were previously affiliated with academic institutions and are
involved in the education and training of FITs. Most of the proctors
had prior experience with participating in the traditional in-person
ROSCE. During the vROSCE some faculty assessed their own
trainees, as the FITs’ rotations were randomly assigned.

Scheduling logistics. To accommodate 23 FITs, the
group was split in 2 groups (group A and group B). During
90 minutes, group A completed the vROSCE. For logistic pur-
poses, using a separate Zoom link, an additional faculty proctor
led group B through the self-administered insurance letter appeal
writing exercise outside the vROSCE, permitting some time for a
break from on-camera Zoom.

The vROSCE stations were duplicated in parallel. Each sta-
tion lasted 10 minutes, with 2 additional minutes for feedback,
signaled by a Zoom message sent by the program coordinator.
After the feedback, the program coordinator shifted FITs to the
next assigned station within the 1-minute time allotted for this
task. Faculty proctors remained in their virtual breakout rooms
throughout the duration of the vROSCE. A sample schedule is
shown in Table 2.

At the start of each station, instructions and pertinent clin-
ical information were provided to the FITs via a PowerPoint
slide using the shared screen function in each Zoom virtual
room. Once the FITs had completed the station or the
2-minute warning was received (whichever happened first),
the faculty proctor (and patient actor, if applicable) gave the
FITs immediate feedback, reviewing the structured evaluation
assessment forms. Upon completion, evaluation forms were

sent to the respective program director of each of the FITs for
review and use in aggregate. After 90 minutes, the groups
were exchanged. Group B rotated to complete the vROSCE
circuit in parallel and group A participated in the educational
session.

Participant feedback. FITs’ feedback was solicited
immediately following the vROSCE through an anonymous,
web-based survey. Participants rated each station and their over-
all vROSCE experience using 5-point Likert scales (strongly dis-
agree = 1, disagree = 2, neutral = 3, agree = 4, and strongly
agree = 5). For each station, the FITs were asked to evaluate
whether audiovisual materials enhanced the presentation,
whether material was presented in an interesting and effective
manner, and whether the presentation met their educational
needs. Additionally, FITs responded as to whether the vROSCE
station helped them identify areas for improvement/further study
and whether the station was deemed a helpful educational activ-
ity. Space was also provided for FITs’ narrative comments.
Although a formal survey of faculty was not performed, most of
the faculty proctors participated in a debriefing following the
vROSCE to discuss experiences, challenges, lessons learned,
and constructive feedback on the process.

RESULTS

In February 2021, 23 first- and second-year rheumatology
FITs from the 4 Carolinas Fellows Collaborative institutions and
MGH participated in the ROSCE, which was successfully con-
ducted in a virtual format. There were no technical malfunctions,
and the vROSCE was completed in the allotted time, with all FITs
completing each of the stations.

Table 2. Sample rotation of fellows*

Start–end times
Room 1: new patient

virtual visit
Room 2:

radiographs

Room 3:
medication
counseling

Room 4:
pathology

Room 5: PCP
phone call

Room 6: bone
densitometry

First group
9:00–9:14 AM Fellow 1 Fellow 2 Fellow 3 Fellow 4 Fellow 5 Fellow 6
9:14–9:28 AM Fellow 2 Fellow 3 Fellow 4 Fellow 5 Fellow 6 Fellow 1
9:28–9:42 AM Fellow 3 Fellow 4 Fellow 5 Fellow 6 Fellow 1 Fellow 2
9:42–9:56 AM Fellow 4 Fellow 5 Fellow 6 Fellow 1 Fellow 2 Fellow 3
9:56–10:10 AM Fellow 5 Fellow 6 Fellow 1 Fellow 2 Fellow 3 Fellow 4
10:10–10:24 AM Fellow 6 Fellow 1 Fellow 2 Fellow 3 Fellow 4 Fellow 5
10:24–10:40 AM BREAK – – – – –

Second group
10:40–10:54 AM Fellow 13 Fellow 14 Fellow 15 Fellow 16 Fellow 17 Fellow 18
10:54–11:08 AM Fellow 14 Fellow 15 Fellow 16 Fellow 17 Fellow 18 Fellow 13
11:08–11:22 AM Fellow 15 Fellow 16 Fellow 17 Fellow 18 Fellow 13 Fellow 14
11:22–11:36 AM Fellow 16 Fellow 17 Fellow 18 Fellow 13 Fellow 14 Fellow 15
11:36–11:50 AM Fellow 17 Fellow 18 Fellow 13 Fellow 14 Fellow 15 Fellow 16
11:50 AM–12:04 PM Fellow 18 Fellow 13 Fellow 14 Fellow 15 Fellow 16 Fellow 17

* Duplicated in a second circuit for rooms 7–12 (fellows 7–12 and 19–23). PCP = primary care physician.
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Participant feedback results. Fifteen of 23 FITs (65%)
completed an electronic survey evaluation of the vROSCE educa-
tional activity. Respondents included 8 first-year and 5 second-
year FITs; 2 FITs did not indicate their training level. To help keep
anonymity, the survey did not ask the FITs to identify their institu-
tions, given the small size of each training program. A total of
93% of respondents agreed or strongly agreed that the vROSCE
was a helpful educational activity and identified individual oppor-
tunities for improvement. For 4 stations, 93% of respondents
agreed or strongly agreed that the learning activity was presented
in an interesting and effective manner, and 93% agreed or
strongly agreed that the station met their educational needs
(Table 3). For the remaining 2 stations, new patient virtual care
visit and pathology, 73% and 80% of respondents, respectively,
agreed or strongly agreed that the material was presented in an
interesting and effective manner. For the new patient virtual care
visit station, 60% of FITs who responded agreed or strongly
agreed that it met their educational needs. In all, 73% agreed or
strongly agreed that the pathology station met their educational
needs.

The vROSCE performed well compared to the in-person
ROSCE evaluations from 2020. The evaluation format (Likert
scale and questions) was the same in both years although admin-
istered on paper on 2020 and online in 2021. In 2020, 24 of the
26 participants (92%) in the ROSCE completed the evaluation
forms. While the stations’ content was not identical between the
2 years, we compared 3 stations that evaluated similar educa-
tional objectives both years: 1) bone densitometry, 2) radiographs
and 3) primary care physician phone call. Although the numbers
are too small for meaningful statistical evaluation, the evaluations
of the stations were similar in both formats.

Narrative comments from the vROSCE and the traditional
ROSCE shared similar themes. FITs noted that both ROSCE for-
mats were valuable to their education and learning. A sample FIT

comment from the in-person ROSCE, “Although nerve racking,
the ROSCE activity was very stimulating and helpful, revealing
areas of knowledge gaps and future areas of learning.” From the
vROSCE, a FIT commented “Excellently structured [vROSCE].
Very helpful for my learning.” In both the ROSCE and vROSCE,
some FITs found completing the assigned task in the allotted time
difficult on some of the stations, with heterogeneity of the stations
mentioned, as the survey question was free-response.

DISCUSSION

Since the COVID-19 pandemic and the ensuing transition to
a virtual environment, graduate medical education curricular
development has benefitted from a focus on optimizing virtual
learning (12). In our case, the vROSCE serves as an innovative
form of educational technology that is a feasible way to continue
to assess and provide feedback to rheumatology FITs. Educa-
tional technology in medicine should be valued for how well the
technologic process informs, aids learning, and preserves clinical
expertise (13). Although the literature is still limited, virtual OSCEs
across specialties and health professions maintain reliability in
evaluation despite the transition to a virtual platform (14,15).
Equally important, stakeholder evaluations in published studies
of virtual OSCEs have been similarly positive, as shown in our
study.

Using the virtual platform to perform a ROSCE expands on
traditional teaching methods, prompting FITs to interact with edu-
cational information in different ways and tapping into educational
theory as well. As a teaching strategy that aligns with the best
principles of cognitive learning theory and memory formation, the
OSCE is an effective method to reduce extraneous load, the effort
required to process new information due to the way it is pre-
sented (16). In the clinical setting, learners (or FITs) are presented
not only with novel presentations of cases but also with many

Table 3. Evaluations of the ROSCE and vROSCE*

ROSCE 2020 (n = 24) vROSCE 2021 (n = 15)

Station
Interesting and
effective manner

Met
educational

need
Interesting and
effective manner

Met
educational

need

New patient virtual
care visit

– – 4.1 (73) 3.9 (60)

Radiographs 4.4 (95) 4.3 (79) 4.6 (93) 4.6 (93)
Bone densitometry 4.1 (62) 4.2 (83) 4.5 (93) 4.5 (93)
PCP phone call 4.6 (88) 4.6 (92) 4.5 (93) 4.5 (93)
Medication
counseling

– – 4.5 (93) 4.5 (93)

Pathology – – 4.3 (80) 4.3 (73)
Infusion reaction 4.8 (95) 4.6 (92) – –

Physical
rehabilitation

4.8 (95) 4.7 (92) – –

Pediatric transition
station

4.2 (92) 4.3 (79) – –

* Values are the number (%). PCP = primary care physician; ROSCE = rheumatology objective structured clinical
examination; vROSCE = virtual ROSCE
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unpredictable complexities. This load can be decreased by hav-
ing learners practice whole tasks in increasingly realistic settings
(16,17). In our vROSCE, the new patient virtual care visit was truly
a telehealth visit, as the FIT, the patient, and even the faculty proc-
tor were not in the same physical location. An OSCE as an
instructional technique also represents a form of retrieval practice.
Memory/learning is well established to be enhanced and made
durable through retrieval practice, such as occurs in an OSCE,
as well as with formal testing (18). With these additional facets
included, virtual technology allows for more robust pursuit of
competency within rheumatology (12,19,20). Additionally, while
our study did not aggregate competency data, there is a growing
body of evidence to suggest that OSCEs can help identify gaps in
competency that may otherwise be missed by standard assess-
ments (21). For our study, each FIT’s assessments from the
vROSCE were collated and given to their respective program
director; subsequently, program directors reviewed with each
FIT individually and used program-specific results to adjust
scheduled FIT educational content, if need.

Expanding on new educational opportunities that did not
exist in an in-person iteration, the vROSCE allowed for participa-
tion of faculty preceptors from several institutions. FITs interacted
with a larger group of faculty members across institutions, each
with unique expertise and teaching skills to impart to FITs. This
aspect is particularly important for smaller training programs with
limited faculty numbers, commonly occurring in rheumatology, to
enrich the experience and exposure of their FITs. Additionally,
the vROSCE could allow for faculty expertise across geographi-
cally diverse training programs (when previous geographic logis-
tics prohibited participation in the in-person ROSCE). An
expanding collective of participating faculty, who help to develop
the content, would likely enrich an enduring collection of materials
for both future virtual and in-person ROSCEs.

Novel ROSCE stations are also possible in the virtual space.
For example, as mentioned above, a new patient virtual care visit
was created to directly observe FITs performing this more recently
used, and now routine, clinical activity. Given the expanding tele-
medicine presence, an acknowledged need has arisen to incor-
porate formal telemedicine curricular elements and assessment
of competency in graduate medical education (12,19,22,23). As
these skills have not historically been routinely taught, applied, or
evaluated, educational technologies like the vROSCE emerge as
a useful tool for assessment, adding to the educational armamen-
tarium in this area.

Limitations for this vROSCE included the inability to incorpo-
rate hands-on and procedural stations in the virtual setting. FIT
feedback raised the concern over sufficient time to complete each
station during the vROSCE, which had similarly occurred in the
ROSCE. Performing a ROSCE, whether in-person or virtual,
requires well-orchestrated timing and a predetermined workflow.
Stations within an OSCE must be of the same duration for transi-
tions to successfully occur. Although lengthening ROSCE/

vROSCE station times is a consideration, this extension can lead
to a longer event, with fatigue for both the FITs and proctors,
which has been cited in other OSCEs, specifically virtual OSCEs
(8,24). Faculty station developers incorporate this feedback to
adjust station design for subsequent ROSCEs and vROSCEs.

It is important to note that the low total numbers of FIT
responses (15 total) may skew the results in terms of stakeholder
acceptability, despite a high response rate (65%). Aligned with
others’ experiences (8), more detailed questions in the survey
would likely yield more data to help inform future virtual events.
Key areas to improve would be to assess whether FITs found
the vROSCE station content, as a simulated experience, to be
reflective of clinical practice. Additionally, including a formalized
faculty survey of the process would help to identify areas for hon-
ing and future development.

It is also important to recognize that virtual educational tools,
including the vROSCE, decrease direct nonverbal interaction and
peer support among FITs. To address these concerns, face-
to-face group interactions among FITs during the parallel educa-
tional session as well as face-to-face feedback from faculty during
the vROSCE was of paramount importance. In developing a
vROSCE, considering station duration, participant (FIT and fac-
ulty) fatigue, and other opportunities is similarly important, to opti-
mize the educational experience and value.

In conclusion, as many medical education and training activ-
ities have transitioned into the virtual environment, educational
innovation absolutely must include more than adaptation of
didactic learning to the virtual environment. The virtual environ-
ment provides the opportunity to look beyond training programs
functioning independently with limited cross-collaboration and to
better leverage expertise to enhance training. This multi-
institutional vROSCE provides an educational technology tem-
plate for formative assessment of rheumatology FITs.
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Pediatric Rheumatology Care and Outcomes Improvement
Network’s Quality Measure Set to Improve Care of Children
With Juvenile Idiopathic Arthritis
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Objective. To describe the selection, development, and implementation of quality measures (QMs) for juvenile
idiopathic arthritis (JIA) by the Pediatric Rheumatology Care and Outcomes Improvement Network (PR-COIN), a multi-
hospital learning health network using quality improvement methods and leveraging QMs to drive improved outcomes
across a JIA population since 2011.

Methods. An American College of Rheumatology–endorsed multistakeholder process previously selected initial
process QMs. Clinicians in PR-COIN and parents of children with JIA collaboratively selected outcome QMs. A com-
mittee of rheumatologists and data analysts developed operational definitions. QMs were programmed and validated
using patient data. Measures are populated by registry data, and performance is displayed on automated statistical
process control charts. PR-COIN centers use rapid-cycle quality improvement approaches to improve performance
metrics. The QMs are revised for usefulness, to reflect best practices, and to support network initiatives.

Results. The initial QM set included 13 process measures concerning standardized measurement of disease
activity, collection of patient-reported outcome assessments, and clinical performance measures. Initial outcomemea-
sures were clinical inactive disease, low pain score, and optimal physical functioning. The revised QM set has 20 mea-
sures and includes additional measures of disease activity, data quality, and a balancing measure.

Conclusion. PR-COIN has developed and tested JIA QMs to assess clinical performance and patient outcomes.
The implementation of robust QMs is important to improve quality of care. PR-COIN’s set of JIA QMs is the first com-
prehensive set of QMs used at the point-of-care for a large cohort of JIA patients in a variety of pediatric rheumatology
practice settings.

INTRODUCTION

Launched in 2011, the Pediatric Rheumatology Care and

Outcomes Improvement Network (PR-COIN) is a learning health

network to improve implementation of evidence-based care for

pediatric rheumatic diseases using quality improvement science

(1). Leveraging the Institute for Health Care Improvement Break-

through Series approach and the model for improvement, PR-
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COIN emulated ImproveCareNow, a learning health network for

pediatric inflammatory bowel disease, whose work has increased

remission rates (2–4). Learning health networks are an effective

organizational infrastructure to enact quality improvement in

health care (5,6). PR-COIN is a growing voluntary network of

23 academic pediatric rheumatology centers in the US and

Canada. Its mission is “to build a thriving and inclusive community

of patients, families, clinical teams, and researchers that uses

quality improvement science to deliver exceptional and equitable

health care to children with rheumatic disease and to bring

research discovery to patients faster.” PR-COIN initially focused

its efforts on improving care of children and adolescents with juve-

nile idiopathic arthritis (JIA) (7).
JIA, which affects approximately 1 per 1,000 children, is a

chronic autoimmune disease complicated by significant morbidity
and disability (8–12). Large pediatric rheumatology research organi-
zations, such as the Pediatric Rheumatology Collaborative Study
Group, the Pediatric Rheumatology International Trials Organization,
and the Childhood Arthritis and Rheumatology Research Alliance,
have facilitated clinical trials and comparative effectiveness studies
to overcome barriers to studying rare pediatric rheumatic diseases
and to improve outcomes (13,14). PR-COIN team members work
to improve patient outcomes by facilitating the rapid adoption of best
practices, quicker implementation of new research findings, and
elimination of unintended variation in care.

A learning health network needs to develop and track quality
measures (QMs) to assess whether changes/interventions are
resulting in improvement. Process measures of clinical performance
track patients’ receipt of care per best practices. Outcome QMs are
crucial to assess response to interventions on patient outcomes. A
recent systematic review of QMs for inflammatory arthritis found that
the vast majority of QM sets were for adult rheumatoid arthritis

(RA) (15). Lovell et al published a proposed set of process QMs for
JIA in 2011 with the intention that they would be tested and used
by the newly forming PR-COIN (16). There are no previous studies
reporting the performance of these process QMs for patients with
JIA. Additionally, there is a gap in the literature with respect to JIA
outcome QMs. Although there are several different standardized
outcome assessments for JIA, QMswith specific, well-defined oper-
ational definitions are lacking (17). Similarly, a recent review of QMs
for inflammatory arthritis found that only 3% of published QMs for
RA assessed outcomes (15). Therefore, we describe the selection,
development, and implementation of JIA QMs in PR-COIN and
how they are used to monitor not only processes of care but also
disease outcomes to optimize patient care.

PATIENTS AND METHODS

PR-COIN membership and structure. PR-COIN was
launched in 2011, and the initial cohort included 12 pediatric
rheumatology member centers. A coordinating center provides
quality improvement specialist consultation, quality improvement
education and maintenance of certification programs, data man-
agement, data analysis, legal and regulatory oversight, program
management and administration, and supports the network
development. The Anderson Center for Health Systems Excel-
lence at Cincinnati Children’s Hospital created a Learning Net-
work Core (led by Carole Lannon, MD, MPH) that fostered a staff
experienced with QM development and coordinating learning
health networks (5,6). PR-COIN operationalizes activities within a
committee structure, including Quality Measures, Outcomes,
Informatics, Family Engagement (Parent Working Group, Patient
Advocacy Team), Scientific Development and Oversight
(Research), and Finance and External Partnership Committees.
Committee leads form an Executive Committee that with the
Improvement Advisor oversee network improvement activities
consistent with the network’s mission/vision. A volunteer Steering
Committee reviews and approves network activities. Participating
sites of PR-COIN are shown in Appendix A.

A shared patient registry platform was designed to aggre-
gate structured JIA patient data collected at the point-of-care to
enable monitoring of QM performance. Patient or parent consent
was obtained for participation in PR-COIN, or an Institutional
Review Board waiver of need for consent was granted at the
PR-COIN sites. Two sites had to leave the network due to lack
of resources. Thirteen additional pediatric rheumatology centers
joined PR-COIN over time, so the current number of participating
PR-COIN sites is 23.

SIGNIFICANCE & INNOVATIONS
• Our article describes the selection and develop-

ment of a quality measure (QM) set for the Pediatric
Rheumatology Care and Outcomes Improvement
Network (PR-COIN).

• We illustrate how QMs are used to monitor pro-
cesses of care and disease outcomes to optimize
the care provided to children with juvenile idio-
pathic arthritis (JIA).

• PR-COIN’s set of JIA QMs is the first comprehensive
set of QMs used at the point-of-care for a large
cohort of JIA patients in a variety of pediatric rheu-
matology practice settings.
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PR-COIN member centers are typically rheumatology
practices based at an academic medical center. Each center
forms a local quality improvement team composed of pediatric
rheumatologists (clinicians and clinical researchers), nurses, med-
ical assistants, social workers, occupational and physical thera-
pists, and research coordinators. Some centers have local
quality improvement specialist support. Because the voices of
patients and families are invaluable to inform the challenges to
care and impact of disease, patient/parent representatives are
also included. Members conduct quality improvement projects
using rapid-cycle improvement (e.g., plan-do-study-act cycles)
at their respective clinics, collaborate on network-wide initiatives,
and share best practices via monthly webinars and at semi-
annual conferences (7). Supportive tools for QM use include

change packages that guide PR-COIN sites with implementation
of quality improvement interventions.

QM selection process. Figure 1 illustrates the QM develop-
ment process. PR-COIN’s initial JIA QM set was developed by a pilot
working group in 2011. The pilot working group included pediatric
rheumatologists, a data analyst, a data manager, a programmer,
and a quality improvement specialist. A formal PR-COIN Measures
Committee was assembled in 2013 and was composed of the
above members as well as volunteers from center teams and JIA
parent representatives who served as a liaison with the PR-COIN
Parent Working Group to share valuable parent/patient feedback.

PR-COIN representatives had previously participated in
American College of Rheumatology (ACR) JIA QM development

Figure 1. Flow diagram. Pediatric Rheumatology Care and Outcomes Improvement Network (PR-COIN) quality measure (QM) development.
FDA = Food and Drug Administration; JIA = juvenile idiopathic arthritis; QI = quality improvement.
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published by Lovell et al, which was informed by surveys com-
pleted by patients and parents, so these published JIA process
QMs were used as a starting point (16). Given the patient-
centered focus of PR-COIN, patient-reported outcome measures
were prioritized along with provider-reported outcomes. Based
on clinical experience and prior focus group work with parents
that prioritized relief of pain and physical function as outcomes,
the pilot working group chose outcome measures that incorpo-
rated existing published validated JIA outcome assessments in
those domains (18–20).

Measurement of disease activity was also emphasized. Out-
come measures assessed included clinical inactive disease,
which requires the patient to meet all of the following: active joint
count = 0, physician global assessment (PhGA) of disease activity
score = 0, morning stiffness duration ≤15 minutes, no active uve-
itis, no elevation of serum inflammatory marker (if measured), and
no active systemic features for children with systemic JIA (18).
The Juvenile Arthritis Disease Activity Score (JADAS) outcome
measures were later adopted. The clinical JADAS10 (cJADAS10)
version was selected as the scoring system, as this instrument
was most feasible at the point-of-care. The cJADAS10 is the
sum of patient (or parent) global assessment (PtGA) of overall
well-being, number of joints with active arthritis based on a
complete joint examination (up to a maximum value of 10),
and PhGA (21). Exclusion of an inflammatory marker (which is
incorporated as part of the regular JADAS score) increased
the simplicity and feasibility of calculating the cJADAS10 score
at the point-of-care so that data could be used in clinical
decision-making during the visit. We used published cutoffs
for cJADAS10 scores that designate states of inactive disease
and minimal, moderate, or high disease activity for certain JIA
subtypes (22).

PR-COIN quality improvement initiatives and priorities
helped shape the PR-COIN QM set over time. A network-wide
self-management support initiative led to the development of a
self-management support QM. In addition, when a treat-to-target
strategy was adopted by PR-COIN as a network-wide initiative
due to evidence suggesting this intervention would help improve
outcomes, process QMs for treat-to-target were devised and
added to the measurement set to track performance on
PR-COIN’s treat-to-target project (23–25). In this manner, new
research and best practices informed iterative development and
selection of QMs. PR-COIN’s treat-to-target intervention is
described elsewhere (23).

Factors considered in QM selection included the importance
of the measure to stakeholders, feasibility of data collection at
PR-COIN centers, ability to influence performance on a measure,
sensitivity to change, and usefulness for quality improvement
work. Incorporating stakeholder input, an iterative approach was
taken to finetune the list of QMs. Consensus on QMs selected
was reached via committee discussions. The team developed an
operational definition for each process and outcome measure

that included numerator, denominator, and inclusion and exclu-
sion criteria. Once a measure was programmed, sample clinical
data were used to test each measure for validation.

QMs were created to monitor the quality of PR-COIN
registry data. PR-COIN created a data QM that tracks the per-
centage of visits with completeness of all critical data elements
recorded. The critical data elements are the data needed to be
able to calculate performance on outcome measures. Another
data QM monitors the timeliness of enrollment into the PR-
COIN registry after JIA diagnosis, to ensure inclusion of newly
diagnosed patients, who typically have higher disease activity.
A third data QM looks at whether data are entered into the
registry soon after clinic visits. This measure helps ensure that
there is timely data entry into the registry, as this will impact
the usefulness of the data to improve care and the validity of
QMs as a reflection of the state of clinical practice. Finally,
the percentage of eligible patients with JIA at PR-COIN sites
who are enrolled in PR-COIN is reported monthly (based on
the total number of JIA patients seen at a given site, assessed
annually), to ensure that the sample is representative, inclusive,
and generalizable to the entire clinic population.

In 2018, PR-COIN reconsidered the entire QM set due to
movement to a new registry platform. Some QMs were revised
and updated, and others were discontinued if no longer
needed for quality improvement work. Operational definitions
for all the QMs were reviewed, clarified, and revalidated in the
new registry. A new revised set of QMs was finalized in 2019,
with programming completed in 2020. Transition to another
registry platform in 2022 has seen repetition of this process
of measure reprogramming and validation of the 2019
measure set.

Statistical methods for QM performance display.
Statistical process control is used for analysis and interpretation
of data in PR-COIN (26). Statistical process control is the
accepted methodology used in quality improvement, as it is bet-
ter suited to consider random variation in measurement and
allows for more timely analysis of performance than traditional
statistical analysis methods (26). Statistical process control
charts are used to display performance on the QMs for both
site-specific and aggregate data (Figure 2). Data are displayed
with center line (mean) and upper and lower control limits
(±3 SE of the mean) to monitor for statistically significant
change in performance, known as special cause variation.
Probability-based rules are used to analyze control charts to
detect evidence of change (26,27). Center lines can be shifted
to indicate statistical change in performance when 8 successive
points occur on the same side of the center line, when 6 succes-
sive points increase or decrease, or if a data point occurs out-
side the control limits. PR-COIN team members monitor site
and aggregate control charts regularly to see whether change
in performance on the QMs has occurred.
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RESULTS

Thirteen process measures, 3 outcome measures, and
2 data QMs were adopted by PR-COIN as the initial set of JIA
QMs (Table 1). Twelve process measures were selected using
the 2011 published proposed set of process QMs for JIA (16).
These measures assess the collection of patient- and provider-
reported outcome scores, uveitis screening, and medication
safety laboratory monitoring. One additional process measure,
serious adverse event reporting to the US Food and Drug Admin-
istration, was created to focus on safety of medications used to
treat JIA. The PR-COIN pilot working group created 3 outcome
QMs, including the percentage of patients with clinical inactive
disease, arthritis pain score ≤3, and optimal physical function.

Figure 2 shows graphic examples of PR-COIN performance
on 2 initial process measures. Some sites found that they were
not performing and/or not documenting certain aspects of rec-
ommended care (such as medication counseling or performing a
joint count). Auditing allowed sites to see which items they were
not doing reliably and to take steps to improve. For some process
QMs, including collection of arthritis-related pain and PhGA, PR-
COIN achieved high performance that was sustained, success-
fully completing this measure >90% of the time. For example,
PR-COIN sites collected complete joint counts in 99% of patients
from 2012 through 2016. PR-COIN sites that were not collecting/
documenting patient-reported outcomemeasures and physician-
reported measurements, i.e., PhGA scores or active joint counts,
before joining the network were able to start collecting these data
with high reliability. By tracking performance over time, PR-COIN
observed sustainability in collection of these components in a vari-
ety of practice settings over a 4-year period. Therefore, these pro-
cess measures were later removed from the revised QM set due
to mastery. Measurement of health-related quality of life (HRQoL)
was identified as important. However, due to the length of HRQoL

questionnaires and associated licensing fees, this measure was
not considered broadly feasible for adoption. Tuberculosis
screening for patients on biologics was retired from the PR-COIN
QM set because screening is now required by insurance compa-
nies during the prior authorization process. Aiming to keep the
number of measures manageable and desiring to focus on out-
come measures, PR-COIN removed other process measures
such as behavioral/medication counseling for patients on
disease-modifying antirheumatic drugs. New QMs were added
to measure performance on prioritized interventions.

The performance on certain measures did not change over

time or required a prolonged time to show change. For example,

the network was unable to improve uveitis screening, even

though many PR-COIN sites focused on quality improvement

interventions designed to improve this metric, so this measure

was removed from the QM set. Failure to improve this measure

may have been due to the measure definition relying on an exter-

nal party (ophthalmologist) to obtain confirmatory documentation.

In addition, the QM “percentage of patients with clinical inactive

disease” was slow to change (Figure 3). The state of clinical inac-

tive disease is a hard outcome to achieve as this factor is a binary

measure. Patients can move in and out of an inactive disease

state with a change in only 1 parameter. Therefore, the need clearly

arose for a continuous outcome measure that could detect incre-

mental improvement over time. This need led to adoption of the

JADAS outcome measures (21,28). The JADAS QMs permit PR-

COIN to track whether patients aremoving into lower disease activ-

ity states, even if they have not yet reached clinical inactive disease.

Figure 3 illustrates 1 JADAS outcome measure adopted by PR-

COIN. Describing the extent of JIA outcome improvements, which

requires detailed report of the interventions and further analysis, is

beyond the scope of this article and will be a subject of future

publications.

Figure 2. Pediatric Rheumatology Care and Outcomes Improvement Network juvenile idiopathic arthritis process measure examples. A, Per-
centage of patients on disease-modifying antirheumatic drugs who had visits in the month and had medication counseling within the past
12 months. B, Percentage of visits where physician’s global assessment of disease activity was performed. Y axis represents the percent who
achieved the measure; X axis represents time; red line = mean; blue diamond = aggregate data each month; dotted lines = control limits; green
line = goal.
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Parent engagement in PR-COIN was instrumental in shaping
our new revised QM set. Patients and parents conveyed the
importance of the single-item measure PtGA of overall well-being.
Therefore, 2 related outcome QMs were created and added to
the revised QM set by the PR-COIN Measures Committee.
Figure 4 shows 1 PR-COIN patient-reported outcome measure,
the percentage of patients who had a PtGA overall well-being

score ≤2. The percentage of patients who reported a low pain
score and optimal physical functioning were among the original
PR-COIN measures and remained in the revised QM set, as they
are highly valued by patients/parents and providers. PR-COIN’s
revised set of QMs was finalized in 2019. Table 1 shows both
the original and revised PR-COIN JIA QMs. The rationale for addi-
tion or discontinuation of a measure is noted.

Table 1. PR-COIN JIA quality measures*

Measure classification, subgroup, and measure title
Original
measure

Current
measure

Reason code for measure
addition or deletion†

Outcome
Disease control
JIA patients with oligoarthritis or polyarthritis with inactive disease or
low disease activity by cJADAS10

– X A

Mean cJADAS10 score for all JIA patients X A
JIA patients with clinical inactive disease X X –

Mean active joint count for all JIA patients – X A
JIA patients with oligoarthritis or polyarthritis who achieve inactive or
low disease activity by 6 months

– X A

Quality of life
Patients with optimal physical function X X –

Patients with pain score ≤3 X X –

Patients with patient global assessment ≤2 – X B
Mean patient global assessment of overall well-being – X B
Patients with pain interference T score <60 – X B

Process
Model treatment
Polyarticular course patients with treatment target set – X C
Visits with provider attestation of disease activity status for T2T – X C
Visits where clinical decision support was used – X C
Patients who received self-management support – X D

Safety monitoring
Ongoing DMARD toxicity laboratory monitoring X X –

Baseline toxicity laboratory monitoring for patients starting DMARDs X – E
Behavioral counseling for patients starting DMARDs‡ X – E
Annual behavioral counseling for patients on DMARDs‡ X – E
Tuberculosis screening prior to starting biologic X – E
Annual tuberculosis screening for patients on biologics X – E
Serious adverse events reported to FDA X – E

Disease activity monitoring
Uveitis screening per Heiligenhaus guidelines (ref. 41) X – F
Complete joint count every 180 days X – G
Physician global assessment of disease activity at every visit X – G

Patient-reported assessment
Functional assessment every 180 days X – E
Health-related quality of life every 180 days X – H
Arthritis-related pain at every visit X – G

Balancing
Time between hospitalization for infections for all patients – X C

Data quality
Complete data for clinical inactive disease X – E
All critical data recorded – X I
Patients with a visit recorded in last 13 months – X I
Patients enrolled in PR-COIN within 90 days of diagnosis – X I
Percentage of JIA population that is enrolled in PR-COIN X X –

* cJADAS10 = clinical Juvenile Arthritis Disease Activity Score 10; DMARD = disease-modifying antirheumatic drug; FDA = Food and Drug Admin-
istration; JIA = juvenile idiopathic arthritis; PR-COIN = Pediatric Rheumatology Care and Outcomes Improvement Network.
† A: Measure added because PR-COIN desires additional disease activity quality measures (QMs); B: Measure added due to parent/patient input
about what outcome was important to them; C: Measure added due to treat-to-target (T2T) initiative in PR-COIN; D: Measure added due to self-
management support initiative in PR-COIN; E: Measure retired due to being less useful for quality improvement work or deemed lower priority;
F: Measure retired due to lack of responsiveness to multiple improvement efforts; G: Measure retired due to high performance rate over time;
H:Measureabandoneddueto lackof feasibility; I:NewdataQMsselectedbasedonnewQMsanddataqualityareas identifiedthatneed improvement.
‡ Behavioral counseling was later changed to the term “medication counseling.”
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DISCUSSION

With patient/parent and clinician input, we selected from
existing JIA QMs and developed de novo QMs to allow for
robust quality improvement for patients with JIA in PR-COIN.
Certain attributes should be considered when creating QMs,

including clinical and public health importance, scientific validity,

acceptability, feasibility, reliability, and sensitivity to change

(29,30). A systematic review of QMs for inflammatory arthritis

published in 2018, which conducted a quality appraisal of

13 QM sets published in the literature, also emphasized that

Figure 3. Pediatric Rheumatology Care and Outcomes Improvement Network juvenile idiopathic arthritis (JIA) disease activity
outcome measures. ACR = American College of Rheumatology; cJADAS10 = clinical Juvenile Arthritis Disease Activity Score 10; CRP =
C-reactive protein; ESR = erythrocyte sedimentation rate.
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measures should be well-defined and incorporate appropriate
stakeholder input (15).

Striving for improvement in JIA outcomes is an important,
worthwhile task. JIA is the most common pediatric rheumatic dis-
ease and was identified as a priority disease category for future
ACR QM development (29). PR-COIN JIA QMs, based on evi-
dence, were developed using ACR published recommendations
for process QMs in JIA and standardized JIA outcome assess-
ments currently used in pediatric rheumatology (16–18,31). In
addition to having clinical importance and being evidence-based,
PR-COIN QMs are characterized by several other strengths.
Stakeholder input has been paramount. Measures have been
selected based on the importance to patients and families. Addi-
tionally, rheumatology providers from different practice settings
have contributed to selection of QMs, based on usefulness and
feasibility in clinical practice.

PR-COIN teams have developed processes and tools to
support ease and practicality of QM use across pediatric rheuma-
tology centers with different resources. The centralized PR-COIN
patient registry serves as the platform to facilitate data collection
for components needed to calculate performance on the QMs.
The burden of data collection to calculate the QMs must be con-
sidered with respect to feasibility of measurement. One solution
in PR-COIN has been the creation of a structured template
embedded in the electronic medical record (EMR) to collect dis-
crete data elements during clinic visits, e.g., an Epic SmartForm
that is available to any customer (32). These data can then be
extracted from the EMR and securely transferred into the
PR-COIN registry on an automated basis, reducing the need for

double data entry. This process of creating a system of electronic
data capture from an EMR to feed into a centralized quality
improvement registry has been described elsewhere (33). Other
centers rely on standardized data collection forms and web-
based data entry. By having access to the unique environments
of multiple pediatric rheumatology practices conducting routine
clinical care and collecting process and outcome data at each
clinic visit, PR-COIN has been able to test JIA QMs for feasibility
in everyday practice. The learning health network provides an
ideal setting in which to test for both achievability and practicality
of QMs.

Elements such as which patients are included, the period at
risk, and the reporting period must be precisely delineated in opera-
tional definitions (30). PR-COINmeasures are well-definedwith care-
ful attention to detail in the operational definitions, which are readily
accessible to users within the PR-COIN registry platform. Revisions
to the operational definitions are made over time, as needed, based
on experience with using the measures and the subsequent realiza-
tion of items needing further standardization or clarification.

Many previously published QM sets for inflammatory arthritis
have not been tested in practice (15). By tracking site and aggre-
gate measure performance since 2011, PR-COIN has been
afforded a unique opportunity to evaluate how the JIA QMs per-
form over time. Stakeholders analyze and revise QMs as neces-
sary to make sure the measure set remains useful and to
determine whether new measures are needed. For example, the
Measures Committee created the cJADAS outcomes measures
once a need for an outcome measure that is more sensitive to
change became evident. A report of lessons learned during

Figure 4. Pediatric Rheumatology Care and Outcomes Improvement Network juvenile idiopathic arthritis patient-reported outcome measure.

PR-COIN JIA QUALITY MEASURE SET 2449



measure development for inflammatory bowel disease sheds light
on the importance of revisiting and revising QMs over time (34).
According the ACR White Paper on Quality Measurement, QMs
should be reviewed and updated every 3 years (29).

The Institute of Medicine highlights 6 key domains of
quality in health care, including effectiveness, safety, patient-
centeredness, timeliness, efficiency, and equity (35). PR-COIN’s
QM set addresses the first 3 of these domains. The PR-COIN
JIA QM set clearly addresses effectiveness of care, as there are
5 outcome measures focused on disease activity and 5 outcome
measures pertaining to quality of life. These outcome measures
incorporate both patient- and provider-reported outcomes. The
medication safety laboratory monitoring QM and time between
hospitalization for infections QM monitor safety of immunosup-
pressive medications. Several PR-COIN JIA QMs focus on
patient-centeredness, including the measures assessing self-
management support, treat-to-target, PtGA overall well-being,
arthritis-related pain, and physical function.

Some domains of quality in health care have not been
included in the PR-COIN JIA QM set. PR-COIN does not measure
access to care, despite recognizing its importance, in part due to
difficulty obtaining data from each hospital scheduling center.
Patient experience during care delivery, efficiency of care, and
equity of care are key domains where there is opportunity for fur-
ther work. In the review of QMs for inflammatory arthritis, Cooper
et al found that only 11% addressed timeliness of patient care,
12% efficiency of care, and 1% equity (15). Assessment of health
equity underscores the importance of complete QM data ascer-
tainment across the entire population of JIA patients served.

When collecting patient data for QMs, making sure that the
majority of patients eligible for inclusion in the measure are being
counted is essential, in order to have accurate representation of
performance on that QM for the patient population being studied.
PR-COIN sites strive to enroll at least 75% of JIA patients at their
site to have a representative population, but optimal enrollment
has not yet been achieved at some sites. In addition, patient data
elements necessary to calculate performance on the QMs are
sometimes not collected or captured in the registry. Due to
incomplete data, not all enrolled patients are included in the mea-
sure performance. The data QMs assist PR-COIN sites in moni-
toring missing data. Efforts are underway in PR-COIN to improve
data completeness for race, ethnicity, primary language, and
insurance status to measure dimensions of health equity.

A weakness of our final QM set is that these measures were
not all created using formal consensus methods (e.g., the Delphi
process) apart from the process measures in the initial QM set pre-
viously published (16). However, the outcome measures (pain,
physical function, overall well-being) were subsequently all selected
via Delphi and consensus voting to be included in the Outcome
Measures in Rheumatology core domain set for JIA, validating
their inclusion in PR-COIN (36). Other PR-COIN QMs were devel-
oped with specific network-prioritized interventions in mind,

e.g., treat-to-target, and were therefore derived by committee rec-
ommendations. Other groups have used formal consensus build-
ing techniques when creating QMs, but there is variability in
techniques used (15,37,38). The ACR has published the process
they use to endorse QMs used in rheumatology and has endorsed
QMs for several rheumatic diseases, including RA (29,39). Those
working on future QM development in PR-COIN and other learning
health networks may formalize the process of consensus building
using standard methodologies. PR-COIN QMs were developed
for purposes of continuous quality improvement efforts by centers
who voluntarily assembled into a learning health network and were
not developed to be used for systems of reimbursement by third
party health care payers. Hence, further analysis of the measures
and risk adjustment might be warranted prior to using PR-COIN
measures for pay-for-performance programs (40).

In summary, PR-COIN’s set of JIA QMs is the first compre-
hensive set of QMs used at the point-of-care for a large cohort
of patients with JIA in a variety of hospital-based pediatric rheu-
matology practice settings. The PR-COIN JIA QMs demonstrate
strong clinical importance, acceptance by stakeholders, and fea-
sibility with performance tracked over 10 years. A need exists for
performance outcome measures in rheumatology, and PR-COIN
has helped to advance this work, particularly with regard to test-
ing the measures in practice. PR-COIN will continue to use stake-
holder expertise and reevaluate the JIA QM set to drive quality
improvement work, with the ultimate goal of improving health out-
comes in patients with rheumatic diseases.
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APPENDIX A: PEDIATRIC RHEUMATOLOGY CARE AND
OUTCOMES IMPROVEMENT NETWORK
PARTICIPATING SITES

The Pediatric Rheumatology Care and Outcomes Improvement Network
participating sites are Boston Children’s Hospital, Boston, MA; Children’s

of Alabama, University of Alabama at Birmingham, Birmingham, AL; Chil-
dren’s Hospital of Philadelphia, Philadelphia, PA; Children’s Mercy Kansas
City, Kansas City, MO; Cincinnati Children’s Hospital Medical Center, Cin-
cinnati, OH (Coordinating Center 2011–2021); Cincinnati Children’s
Research Informatics Shared Facility, Cincinnati, OH (Registry and Data
Coordinating Center 2011–2022); Cohen Children’s Medical Center of
New York, Queens, NY; Hackensack University Medical Center, Hacken-
sack Meridian Health, Hackensack, NJ; Hospital for Special Surgery and
Weill Medical College of Cornell University, New York, NY; Levine Chil-
dren’s Hospital, Atrium Health, Charlotte, NC; London Health Sciences
Centre, Western University, London, ON, Canada; McMaster Children’s
Hospital, McMaster University, Hamilton, ON, Canada; Medical College
of Wisconsin–Children’s Wisconsin, Milwaukee, WI; Medical University of
South Carolina, Charleston, SC; Nationwide Children’s Hospital, The Ohio
State University, Columbus, OH; Nemours Children’s Hospital, Orlando,
FL; Penn State Children’s Hospital, Penn State College of Medicine, Her-
shey, PA; Phoenix Children’s Hospital, Phoenix, AZ; Seattle Children’s
Hospital, University of Washington School of Medicine, Seattle, WA
(Seattle Children’s Research Institute serves as the Coordinating Center
2022–present); Stanford Medicine Children’s Health, Stanford University,
Stanford, CA; Texas Children’s Hospital, Baylor College of Medicine,
Houston, TX; The Hospital for Sick Children, University of Toronto,
Toronto, ON, Canada; University of Minnesota Masonic Children’s Hospi-
tal, Minneapolis, MN; and University of Mississippi Medical Center,
Jackson, MS.
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Proposed Response Parameters for Twelve-Month Drug
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Objective. Juvenile systemic sclerosis (SSc) is an orphan disease, associated with high morbidity and mortality.
New treatment strategies are much needed, but clearly defining appropriate outcomes is necessary if successful ther-
apies are to be developed. Our objective here was to propose such outcomes.

Methods. This proposal is the result of 4 face-to-face consensus meetings with a 27-member multidisciplinary
team of pediatric rheumatologists, adult rheumatologists, dermatologists, pediatric cardiologists, pulmonologists,
gastroenterologists, a statistician, and patients. Throughout the process, we reviewed the existing adult data in this
field, the more limited pediatric literature for juvenile SSc outcomes, and data from 2 juvenile SSc patient cohorts to
assist in making informed, data-driven decisions. The use of items for each domain as an outcome measure in an open
label 12-month clinical trial of juvenile SSc was voted and agreed upon using a nominal group technique.

Results. After voting, the domains agreed on were global disease activity, skin, Raynaud’s phenomenon, digital
ulcers, musculoskeletal, cardiac, pulmonary, renal, and gastrointestinal involvement, and quality of life. Fourteen out-
come measures had 100% agreement, 1 item had 91% agreement, and 1 item had 86% agreement. The domains of
biomarkers and growth/development were moved to the research agenda.

Conclusion. We reached consensus on multiple domains and items that should be assessed in an open label,
12-month clinical juvenile SSc trial as well as a research agenda for future development.

INTRODUCTION

Juvenile systemic sclerosis (SSc) is an orphan disease

with an estimated prevalence of 3 in 1,000,000 children, with

a high morbidity (1,2). Currently no medications are licensed

for juvenile SSc. This proposal is for an open label, 12-month

clinical trial in juvenile SSc. To develop such a trial, and for use

in any well-done treatment trial in juvenile SSc, clearly defining

outcomes and tailoring the outcomes for juvenile SSc is

necessary.
The only existing outcome scoring system that has been

developed specifically for use in the juvenile SSc population is

the Juvenile Systemic Sclerosis Severity Score, which was

adapted from an adult SSc severity score, the Medsger Severity
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Score (3,4). More recent efforts have been proposed for disease

activity indices in SSc (rather than severity/damage scores), which

would be more sensitive to clinical change and applicable to

clinical trials. Such activity indices for adult SSc include measures

like the Composite Response Index in Systemic Sclerosis (CRISS)

(5), which is based on a 2-step approach. First, significant disease

worsening or new-onset organ damage is defined as nonrespon-

siveness. In patients who did not fulfill the criteria of part 1, a prob-

ability of improvement is calculated for each patient, based on the

modified Rodnan Skin Score (mRSS), the percent predicted

forced vital capacity (FVC%), the physician global assessment

(PhGA), and the patients’ Health Assessment Questionnaire dis-

ability index (HAQ DI). These efforts have been applied only to

adult SSc (5–7), and there is no such disease activity or response

index for juvenile SSc. Our goal was to define disease activity out-

come parameters in juvenile SSc that would be sensitive to

change and useful in an open label, 12-month clinical trial in

juvenile SSc.

MATERIALS AND METHODS

These recommendations were developed over a span of
years by a dedicated group of multinational pediatric and adult
scleroderma experts who are interested in juvenile SSc and out-
come measure development, starting with electronic surveys in
2014 and refining juvenile SSc outcome domains and items
through an annual face-to-face meeting, through Delphi and
nominal group technique processes, hosted at the Hamburg
Symposium of Juvenile Scleroderma starting in 2014–2018 (see
Figure 1 for details). The final 2018 juvenile SSc consensus meet-
ing is explained in detail here. By consensus, the meeting recom-
mended 12 domains and 22 items for an open-label, 12-month
clinical juvenile SSc trial.

In December 2018, international pediatric and adult rheumatol-
ogy scleroderma experts, dermatologists, pediatric cardiologists,

pulmonologists, gastroenterologists, a statistician, and patients met
for a 2-day conference. The first day was dedicated to a series of
talks and discussions regarding an adult scleroderma expert presen-
tation of the CRISS (by DK) and items included in the CRISS, with
possible pediatric performance and adaptations (8), a “lessons
learned” talk regarding the response of clinical outcomes from recent
clinical trials in adult SSc (by CD), cohort data from the International
Juvenile Systemic Sclerosis Inceptions cohort (n = 150) (IF and JK)
(1) and from the Childhood Arthritis and Rheumatology Research
Alliance (CARRA) juvenile SSc cohort (n = 64) (KST) (9) relevant to
the prior voted domains and items of interest, and finally, with pediat-
ric scleroderma workgroup presentations on updates of the various
organ systems in juvenile SSc and related outcomes. These discus-
sions provided a background for the second day of the conference,
whose goal, using the nominal group technique (by DEF), was to
develop consensus recommendations for items to be used in an
open, 12-month clinical trial in children with SSc (not clinical practice
or general research). The items (n = 22) and domains (n = 12)
remaining after the 2017 Hamburg consensus meeting (Figure 1)
were reevaluated at the 2018 meeting. Twenty-two of the 27 multi-
disciplinary members at the 2018 conference voted, with 75%
(16 of 22) having been at the preceding 2017 consensus conference
(see Supplementary Table 1, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/acr.
25171).

General guidelines. Some general guidelines were dis-
cussed and agreed upon at the start of the second day of the
consensus 2018 meeting, including the following: validated out-
comes should have priority; outcomes validated in adults with
SSc would be sufficient for application in juvenile SSc; although
previously agreed items (from the 2016 and the 2017 consensus
meetings) were defined in terms of change, those items will be
defined in terms of their absolute value, independent of change
per se (e.g., the item “change in mRSS” would now be “mRSS”);
and estimation of change from baseline and the significance of
change would be examined through statistical analysis. For uni-
formity and clarity when patients or clinicians used the measures,
a scale of 0–10 or 0–100 was to be employed when visual analog
scales (VAS) were used as items. The specific length of the scale
could be decided on a protocol basis. The minimum clinically
important difference (MCID) for any VAS was to be 1.0 for 0–10
and 10.0 for 0–100 scales. This decision was slightly less than
that in the literature (7–27 mm, dependent on baseline pain), but
participants felt it was easy to use and remember (22 of
22 agreed). Unfortunately, other MCIDs were usually not available

SIGNIFICANCE & INNOVATIONS
• This is the first proposal for outcome measures for

a 12-month open label clinical trial for juvenile sys-
temic sclerosis (SSc).

• The proposed outcome measures span the main
domains of the organ system involvement in juve-
nile SSc.

• Patient-reported outcomes are included in the out-
comes proposed.
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for consideration or voting. There was also consensus (22 of
22 agreed) that the time frame for any VAS was to be 7 days
unless specifically stated differently. The CRISS, a validated com-
bined measure of response in adult SSc, although discussed at
length the day prior, was not voted upon as a composite outcome
during the second day consensus meeting, since it comprised
multiple important elements that were instead individually voted
on within their respective domain.

The consensus process. The process included the fol-
lowing: review of each of the 12 domains and items within each
domain, led by the moderator (DEF). Some minimal back-
ground was first given for orientation (usually from the leader
of the organ working group); during discussion, there was to
be 1 speaker at a time, voting (22 members, later 21 members
as 1 member had to leave) would close the discussion and
consensus (see Supplementary Table 1, available on the Arthri-
tis Care & Research website at http://onlinelibrary.wiley.com/
doi/10.1002/acr.25171). Voting was not anonymous, and
options included agree, disagree, or do not know. Consensus
was defined a priori, as agreement by ≥80% of voting members
present. If consensus was not reached, more discussion
ensued, and ultimately, without consensus, the item was
recorded as “no consensus reached,” and if applicable,
referred to the research agenda.

Three scribes compared notes after the meeting to ensure
accuracy. KT merged the notes and DEF reviewed and edited.
Consultants were invited to participate in the prior day’s meeting
and provided some discussion points during the consensus
meeting, but they refrained from voting (see Acknowledgments
and Supplementary Table 1, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.25171). There were 2 SSc patients present (AZ, KF), both cur-
rently adults with ages of onset of 8 years and 26 years, who
actively participated and were voting members.

RESULTS

Domain 1: patient global assessment (PtGA) and
PhGA of disease activity. The PhGA and PtGA VAS
(0–100 mm) of disease activity over the previous 7 days have been
used in the Juvenile Systemic Sclerosis Inceptions cohort (1), with
data in 47 juvenile SSc patients over 12 months demonstrating an
MCID of 20 of 100 mm change (P < 0.001) in PhGA and a 15 of
100 change in PtGA (P < 0.001). Voting was unanimous (22 of
22 for each) to use the PhGA and PtGA of disease activity in juvenile
SSc trials (Table 1 and Supplementary Appendices A and B, avail-
able on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25171). There was con-
sensus to include knowledge of the patient’s previously available
clinical data (22 total: 19 agreed, 3 disagreed, 0 did not know). By

Figure 1. Outcomes important for juvenile systemic sclerosis (SSc) were determined from 2014 to 2016, later defined in context to responsive-
ness in 2017, and ultimately refined to those appropriate for a 12-month clinical trial in juvenile SSc. The final list includes 22 items within
12 domains through voting at in-person consensus meetings. * = 2014 respondents: all participants of the pediatric rheumatology email board,
the members of the members of the Paediatric Rheumatology European Society (PRES) juvenile scleroderma working group and the active partic-
ipants of the juvenile scleroderma inception cohort project were invited to participate. In total, 70% of the respondents were experienced pediatric
rheumatologists (>10 years of experience in the field). The mean number of patients followed-up by respondents was 12.3 juvenile SSc patients.
Total number of patients followed-up by all respondents was 574. In all, 95% of respondents work at academic medical hospitals. decr. =
decreased; jSSc = juvenile systemic sclerosis; ǂ = moderated by DEF; ** = items also considered in context of the adult Composite Response
Index in Systemic Sclerosis, developed by Dinesh Khanna (The American College of Rheumatology Provisional Composite Response Index for
Clinical Trials in Early Diffuse Cutaneous Systemic Sclerosis. Arthritis Rheumatol 2016;68:299–311).
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Table 1. Domains and items suggested as outcome measures for a 12-month clinical trial in juvenile systemic sclerosis (SSc) from the 2018
International Consensus Meeting*

Metric, range Considerations

Physician-measured outcomes
Physician global assessment of
disease activity

VAS: 0–10 or 0–100 Should take into account past 7 days
Allowable to consider patients features/conditions
compared to prior visit

Same physician to assess at study visit for clinical trial
Modified Rodnan Skin Score Whole number score: 0–51 Physical examination at date of study visit

Consider other cutaneous findings in context to scoring
children’s skin

DUCAS Number scale 0.5 digit: 0–19.5 Physical examination at date of study visit
Musculoskeletal, total active
joint count

Whole number score: 0–75 Physical examination at date of study visit
Number of joints that have either joint swelling or LOM
with pain/tenderness that is considered secondary to
juvenile SSc

Cardiac
Left ventricular ejection
fraction

Echocardiogram value, % (30–80) Echocardiogram closest to date of study visit

New-onset LV failure Echocardiogram evaluation, yes/no Echocardiogram closest to date of study visit
New-onset clinically
important arrythmia

EKG evaluation, yes/no EKG closest to study date

Development of pulmonary
arterial hypertension

Echocardiogram evaluation, yes/no Echocardiogram closest to date of study visit

Pulmonary
Forced vital capacity Pulmonary function test (PFT) value, % of

predicted (20–100)
PFT closest to study date
Several demographic variables collected to calculate
international standard

DLCO PFT value, % of predicted (20–100) PFT closest to study date (age eligible)
Hemoglobin collected to determine hemoglobin-
corrected DLCO value

6-minute walk test (6MWT) Walking test with respiratory therapist, meters
(0–700)

6MWT closest to study visit
Lowest SpO2 during the test also important to evaluate
desaturation

Forehead or ear probe preferred over finger probe
(Raynaud’s)

Development of new
scleroderma renal crisis

Clinical phenotype present, yes/no Blood value abnormalities in setting new hypertension

Body mass index Measurement for pediatrics using Z scores;
Z ≤ –2 is flagged as malnutrition

Weight and height used to calculate

Patient-reported outcomes
Patient global assessment of
disease activity

VAS: 0–10 or 0–100 Should take into account past 7 days
Parent of child to fill, depending on age (typically age
≥8 years can self-report)

Must be consistent person scoring over the length of the
trial

Global health and function
C-HAQ Score 0–3 (without any difficulty to unable to

do); total score, divided among the
8 domains scores,
which are modified if aids or devices are
used

Patients age <16 years
If child is age <8 years, a parent will fill in this form; for age
≥8 years, if developmentally appropriate, the child will
fill this form

Timeframe in the past 7 days
Health Assessment
Questionnaire

Score 0–3, same scoring system as C-HAQ Patients age ≥16 years
Traditional HAQ, which has been widely validated

Organ systems and general
VAS captured in the C-SHAQ
and SHAQ

VAS: 0–100 Same questions C-SHAQ and SHAQ, since childhood
version adapted from adult

Patients age ≥16 years fill out SHAQ
Timeframe in the past 7 days

Affected by pain because of
scleroderma

VAS: 0–100 General, global health

Intestinal problems
interfered with daily
activities

VAS: 0–100 Gastrointestinal domain

(Continued)
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general agreement, voters recommended having instructions in the
protocol or in the “Manual of Procedures” as to how the PhGA of
disease activity was to be done and specified that it was to be per-
formed by the same investigator at each visit. Voters also unani-
mously agreed that either child or parent may answer the PtGA of
disease activity (age and child dependent), so long as it is consis-
tent throughout the protocol. Patients ages ≥8 years are encour-
aged to complete patient-reported outcomes as is routine for
several pediatric rheumatology registry studies (9).

Domain 2: patient-reported global health and
function. Patient-reported outcomes are essential in clinical
drug trials. For juvenile SSc, several patient-reported outcomes,
including quality of life (QoL) measures, were voted on in 2017
and resupported in 2018. The patient-reported outcome mea-
sures to include were unanimously agreed (22 of 22 agreed) to
be the Childhood Health Assessment Questionnaire (C-HAQ)
(10,11) and the scleroderma-specific VAS, derived from the
Scleroderma-HAQ disability index (12,13) (Table 1 and Supple-
mentary Appendices A and B, available on the Arthritis Care &

Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.25171, for detail of questions).

The C-HAQ is a standard patient-reported outcome, a child-
directed assessment of function, modified from the multiply vali-
dated adult HAQ DI (10–15). The C-HAQ ascertains results over
8 functional domains and has been used in 2 large juvenile SSc
cohorts (the International Inception and the CARRA Juvenile Sys-
temic Sclerosis cohorts), with mean scores of 0.45 and 0.40
(range 0–3), respectively, (1,9). The C-HAQ, although it has floor
effects, reflects the domains that are important to the function of
the patient. Thus, it correlates with global well-being, health-
related QoL, and organ systems of importance to patients with
juvenile SSc (9). The group voted unanimously (22 of 22) in favor
of including the C-HAQ for SSc patients age <16 years and the
HAQ DI for patients age ≥16 years.

No formal MCID has been defined for the C-HAQ in juvenile
SSc, but the Juvenile Systemic Sclerosis Inceptions and the
CARRA network cohorts demonstrated that juvenile SSc
patients improved by 24% and 44% over 1 and 2 years,

respectively, and corresponded with improvements in PtGA
and PhGA of disease activity (P = 0.02) (1,9,16). Voting at the
consensus meeting then took place in regard to the MCID of
C-HAQ in juvenile SSc and voters agreed to apply the MCID
and cut points from juvenile idiopathic arthritis (JIA) and adult
rheumatoid arthritis to the juvenile SSc cohorts (22 total:
20 agreed, 0 disagreed, 2 did not know). For reference, among
67 JIA patients followed longitudinally, those rated without
change had a median C-HAQ change of 0, and for those rated
as having change, the MCID was –0.188 for improvement and
+0.125 for worsening (17).

The other main group of patient-reported outcome mea-
sures discussed were VAS scales from the Scleroderma-HAQ
DI. In juvenile SSc, these VAS scales have been piloted in the
National Registry of Childhood Onset Scleroderma (NRCOS)
cohort (principal investigator Torok; n = 20), one of the few to have
direct patient input (unpublished). All of the VAS measurements
captured in the Scleroderma-HAQ DI were voted upon in their
respective organ or general categories, with a unanimous vote
(22 of 22) that they are important patient-reported outcome mea-
sures in a juvenile SSc trial (Table 1). The Scleroderma-HAQ DI
includes scales for the following components: pain overall, gas-
trointestinal problems, breathing problems, Raynaud’s severity,
finger ulcer severity, and PtGA, which capture the SSc patient’s
perspective on the level of interference with normal activity in
these domains over the past week (12). Modifications to the ques-
tionnaire for patients ages <8 years may say “your child” instead
of “you.”

Further discussion regarded the numerous other pediatric
QoL instruments available and validated in other connective tissue
diseases, particularly JIA. Available QoL instruments include:
PedsQL (18), Peds Rheum QL (19), Family QL (20), Child Health
Questionnaire (21), and Child Health Questionnaire-9D (22).
These measures were not included in the current published juve-
nile SSc cohort, and so their performance characteristics are
unknown in juvenile SSc. Although which QoL instrument is to
be used is unknown, voters decided unanimously (22 of 22) that
QoL (in addition to the C-HAQ and Scleroderma-HAQ DI VAS) is
important to capture in juvenile SSc patients.

Table 1. (Cont’d)

Metric, range Considerations

Breathing problems
interfered

VAS: 0–100 Pulmonary domain

Raynaud’s phenomenon
interfered

VAS: 0–100 Raynaud’s phenomenon domain

Finger ulcers interfered VAS: 0–100 Digital ulcers domain
All the ways (pain,
discomfort, limitations of
daily life, body changes)

VAS: 0–100 General, global health

* C-HAQ = Childhood Health Assessment Questionnaire; C-SHAQ = Childhood Scleroderma Health Assessment Questionnaire; DLCO = diffusion
capacity of the lungs for carbon monoxide; DUCAS = Digital Ulcer Clinical Assessment Score; EKG = electrocardiogram; HAQ = Health Assess-
ment Questionnaire; LOM = Limitation of Motion; LV = Left Ventricular; SHAQ = Scleroderma Health Assessment Questionnaire; SpO2 = oxygen
saturation; VAS = visual analog scale.
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Domain 3: skin. ThemRSS is apivotal outcomemeasure for
any therapeutic trial in diffuse adult and juvenile-onset SSc, assess-
ing the degree of skin thickness over 17 body sites (0–3 per skin
area, range 0–51). The mRSS is fully validated via Outcome Mea-
sures in Rheumatology filters in adult SSc (23). The mRSS has not
been formally validated in juvenile SSc, but it has been widely
adopted in clinical practice and larger observational cohort studies
(1,24). The mRSS was unanimously agreed on at the 2017 and
2018meetings (22 of 22 agreed) as the only item in the skin domain.

Since the mRSS was developed, studied, and validated in
adult SSc patients, with typical average age of onset between
40 to 50 years, a few cutaneous variables to consider in the scor-
ing approach in children were suggested (based on expert
opinion). These pediatric rheumatology experts considered addi-
tional qualitative features, such as the texture of the skin
(i.e., waxy, smooth, hard) compared to other areas in that region
of the body, the appearance of the skin (i.e., shininess, yellow/
waxy appearance), lack of hair, thin skin with visible veins, dyspig-
mentation, and atrophy (dermal or subcutis) (2). While the mRSS
is to be used in juvenile SSc clinical trials, it needs further thorough
examination in juvenile SSc in the future (16). As no MCID has
been developed, voters decided to use the absolute mRSS and
a statistical change as a measure of skin response in a juvenile
SSc trial (22 of 22 agreed) (Table 1).

Domain 4: Raynaud’s phenomenon. SSc-associated
Raynaud’s phenomenon (SSc-RP) is the most common disease-
specific manifestation of SSc (25). SSc-RP was ranked by adult
patients as having the highest impact on QoL and perception of
illness severity (26). RP was recorded in 75% of the patients in the
juvenile SSc inception cohort (27). In a clinical trial, RP should be
measured in a standardized manner to assess whether a proposed
new treatment is effective. Raynaud’s outcomes are primarily
patient reported, including frequency, severity, and duration, but
may be confounded by pain and coping strategies (25,28).

In the 2017 juvenile SSc meeting, 24 of the 25 participants
voted that RP should be assessed. After some discussion regard-
ing the Raynaud’s condition score, Raynaud’s VAS from the
Scleroderma-HAQ DI, and the physician’s assessment of Ray-
naud’s phenomenon, the Raynaud’s VAS from the Scleroderma-
HAQ DI was agreed on for a juvenile SSc trial (22 of 22) (Table 1).
As no MCID was available, voters agreed (22 of 22) to use a statis-
tically significant difference in the VAS across timepoints as a useful
measure in juvenile SSc trials.

Domain 5: digital ulceration. SSc-related digital ulcers
(DUs) are a frequent and disabling clinical complication of juvenile
SSc, affecting approximately 50% of patients in the cohort of
150 patients (1). DUs occur most frequently on the fingers or toes
and can be the consequence of endothelial damage, trauma, or
calcinosis. DUs impair hand function and compromise patients’
QoL (29). To measure the burden of finger/digital/skin ulcers, the

DU clinical assessment score (DUCAS) was developed and vali-
dated in adult SSc patients (30). The DUCAS captures the num-
ber of DUs, new DUs, gangrene, surgery needed, infection,
unscheduled hospitalization for DUs, and analgesics for DU pain
(most in a yes/no fashion). The DUCAS plus the digital ulcer
Scleroderma-HAQ DI VAS encompass the items suggested in a
survey of the European Scleroderma Trials and Research group
regarding the DU impact in SSc (31). Voters unanimously decided
(22 of 22) to include the DUCAS score and the digital ulcer
Scleroderma-HAQ DI VAS as an outcomes measure for digital
ulcers in a juvenile SSc trial (Table 1).

Domain 6: musculoskeletal system. Musculoskeletal
manifestations, including joint, muscle, and/or tendon involve-
ment, occur in 75–82% of juvenile SSc patients, with 19% having
documented inflammatory arthritis in prospective cohort studies
(1,9,24). In 2017, several variables constituting musculoskeletal
involvement were considered, including swollen joint count,
limited joint range of motion, change in muscle strength assessed
by the childhood myositis assessment scale or manual muscle
testing, new occurrence of tendon friction rubs, and change in
muscle enzyme levels (creatine kinase, aldolase). The group
reached consensus on including the swollen joint count and not
the other discussed variables.

The swollen joint count variable was voted to be included at
the 2017 meeting and was discussed again at the 2018 meeting,
though with an emphasis on the fact that measuring swollen joints
alone captured only a portion of the musculoskeletal involvement
in juvenile SSc (e.g., not capturing tenosynovitis, contracture),
while also missing inflammation, because joint swelling is difficult
to measure in SSc (32). Ultimately, voters decided by a unani-
mous vote (22 of 22) to collect musculoskeletal involvement in a
juvenile SSc trial, as the number of joints that have either joint
swelling or limitation in range of motion associated with joint pain
or tenderness that is considered secondary to juvenile SSc, thus
including tenosynovitis (Table 1). The joint count will be called
the “active joint count,” will be a total score, and will be very sim-
ilar to the joint counts in JIA (thus not requiring special training).

Domain 7: cardiac involvement. Although in juvenile
SSc cardiac involvement is relatively infrequently detected clini-
cally (5–15%), it is one of the major causes of noninfectious mor-
tality in juvenile SSc (24,33). A consensus meeting among
European cardiologists and rheumatologists (34) indicated the
need to examine for arrhythmias (electrocardiogram, Holter mon-
itor), and to include an imaging measure to examine fibrosis
(i.e., magnetic resonance imaging of the heart), plus patient
response outcomes, and echocardiogram to define cardiac
involvement in SSc.

Several cardiac variables were discussed in the context of
the 2017 and 2018 juvenile SSc meeting, and there was 100%
agreement (22 of 22) on the following parameters (Table 1): 1) a
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measure of ejection fraction was appropriate as an inclusion mea-
sure; 2) new onset of left ventricular failure and/or new “clinically
important arrhythmia (malignant/non-benign)” were appropriate
measures defining lack of response in a juvenile SSc trial; 3) the
development of pulmonary hypertension “by accepted criteria”
is a sign of nonresponse; 4) the development of new carditis
should be removed from consideration as not well defined; and
5) the N-terminal pro b-type natriuretic peptide (NT-proBNP), not
validated in juvenile SSc, was to go into the research agenda. Par-
ticipants noted that 2 of these consensus items are included as
the step 1 CRISS criteria for adult SSc: new-onset left ventricular
failure and new-onset pulmonary hypertension, though both are
specified further in adult SSc with “≤45% ejection fraction requir-
ing treatment” and “measured via right cardiac catheterization
requiring treatment,” respectively (5).

Domain 8: pulmonary involvement. Interstitial lung dis-
ease (ILD) occurs in approximately 50% of patients in juvenile SSc
(1,35). It is a major reason for mortality in adult patients with SSc
(5,36). Screening for ILD in adult and pediatric SSc patients tradi-
tionally includes a pulmonary function test (PFT) with FVC and
single-breath diffusion capacity for carbon monoxide (DLCO)
(37,38). In children, assessment of FVC is fairly standardized from
age 3 years, while DLCO is more reliable starting at age 8 years
(39,40). The combination of high-resolution computed tomogra-
phy (HRCT; low radiation protocols) and PFTs are now used to
both detect and follow ILD progression and regression in adults
(37,41). In children, HRCT has been eschewed because there is
concern regarding radiation, though this is now being reconsid-
ered (35). The 6-minute walk test (6MWT) is a sensitive measure,
with an MCID of 10 meters (42,43), and normal values for healthy
children exist for comparison (44), although in adults with SSc the
6MWT is not responsive to treatment, as it is confounded by joint
contracture, muscle weakness, and fatigue.

At the 2017 consensus group meeting, voters agreed that
the core CRISS variables, including the change in FVC (5), were
appropriate for juvenile SSc, and in the 2018 consensus meeting
there was 100% consensus to include FVC and age-eligible DLCO
in juvenile SSc trials. The group decided to include the 6MWT
assessment in the core set (18 of 21 agreed, 3 of 21 disagreed),
measured as absolute meters using within-patient changes for
statistical comparisons (Table 1). Because there remained con-
cerns of an increased risk of malignancy after repeated HRCT of
the lungs (45), the group unanimously rejected it as a required
outcome measure in a juvenile SSc trial.

Domain 9: renal involvement. The course of renal
involvement in juvenile SSc is usually benign, but a broad spec-
trum of renal manifestations exist in juvenile SSc, from mild pro-
teinuria to acute renal failure. The most severe type is
characterized by new-onset hypertension accompanied by acute
kidney injury, proteinuria, hematuria or signs of microangiopathy

(thrombocytopenia or hemolysis), or scleroderma renal crisis,
which is a rare event in children (1) but it remains a major risk fac-
tor for mortality.

The consensus group agreed unanimously (21 of 21) to
include the new occurrence of scleroderma renal crisis as an out-
come measure criterion for a juvenile SSc trial (Table 1). This
occurrence is also an adult CRISS step 1 criterion, which would
consider the patient as not improved (5). The criterion was
adjusted, accounting for the definition of high blood pressure in
children and adolescents (46) and the Kidney Disease: Improving
Global Outcomes definition of acute kidney injury (47). Other
items related to renal involvement, namely new diagnosis of
hypertension, new persistent proteinuria, and decrease of the
glomerular filtration rate, were unanimously (21 of 21) rejected
by the group as outcome measure criteria for juvenile SSc treat-
ment trials, because those items lacked specificity and/or had a
low prevalence in juvenile SSc patients.

Domain 10: gastrointestinal involvement. Gastro-
intestinal manifestations of SSc have been reported in 25–92%
of children and are associated with poor QoL (9,48). Gastrointes-
tinal manifestations in adult SSc patients range from mild oropha-
ryngeal dysphagia to malnutrition (15–56%) and increased
mortality (49). Malnutrition is a major concern in the growing child
and has been shown to predict mortality in other pediatric chronic
illnesses with gastrointestinal absorption issues, such as chronic
kidney disease (50). Typical measures in children to assess mal-
nutrition include midarm circumference and triceps skinfold thick-
ness (51), but in juvenile SSc these measures may be confounded
by skin manifestations. Another indicator of malnutrition in chil-
dren, very low body mass index (BMI) (Z score ≤2), indicating
moderate to severe malnutrition, can be used in juvenile SSc, with
very low BMI documented in 14% of the juvenile SSc CARRA reg-
istry patients and correlating with poor QoL measures (9). Multiple
other nonspecific laboratory tests (vitamins, pre-albumin level,
etc.) may not be reliable in juvenile SSc. Voters unanimously
agreed in both the 2017 and 2018 (21 of 21) consensus meetings
to include the BMI as a single assessment for response regarding
gastrointestinal involvement (Table 1).

Domain 11: biomarkers. No peripheral blood biomarker
has been fully validated to the extent that it can be used to mea-
sure response in a juvenile SSc trial. Voters unanimously agreed
(21 of 21) that it is appropriate to collect biosamples, when possi-
ble and available, though a particular serologic biomarkers was
not targeted (Table 1).

Domain 12: growth and development. In growing chil-
dren, normal growth and development is important. In the 2017
and 2018 consensus meetings, both a delay in sexual maturation
and a decrease in growth velocity were considered as potential
outcome measures for a juvenile SSc study; however, voters
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unanimously rejected both as included outcome measures
(Table 1). The consensus was that too many factors contribute
to growth and development (e.g., sex, age, nutrition) to be reliable
as measures of response to treatment in a juvenile SSc trial.

DISCUSSION

In JIA, guidance for measurements and clinical trials is avail-
able (52). The present effort is the first such guidance in juvenile
SSc (Table 1 and Supplementary Appendices A and B, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.25171). We specifically aimed this
proposal at a 12-month, open label juvenile SSc clinical treatment
trial. It was not aimed at clinical practice or other trial designs
(e.g., double-blind design), because this design is common in
pediatric rheumatology and is a simple design to carry through.

This proposal has some significant strengths. It called together
diverse medical specialties concerned with SSc as well as patients,
and it built on knowledge of the literature (mostly adult SSc and JIA
studies). Also, this proposal was developed over several years and
included updated data from 3 juvenile SSc registries (Inceptions,
CARRA, andNRCOS) as well as a review of the literature, thus sup-
plying as much factual background as possible and on an ongoing
basis. Of note, all the core variables for the composite validated
adult SSc outcome measure, CRISS, were captured in our juvenile
SSc international consensus (5). Our juvenile SSc consensus mea-
sures include 3 of the 4 nonresponse criteria of CRISS step 1 (only
a decrease of FVC ≥15% was not included in juvenile SSc)
(Table 1), and all components of CRISS step 2 (mRSS, FVC%,
PhGA, and PtGA). One of the next steps of this group is consider-
ing the validation of CRISS in juvenile SSc.

There are also limitations. This proposal was oriented toward
a 12-month, open label clinical trial, and additional considerations
would be needed if one were to consider a single-blind or double-
blind study design. Some measures were dependent on expert
opinion alone (e.g., mRSS) and will need validation. Some novel
tools in juvenile SSc, such as capillaroscopy and sonography,
have only been used in juvenile SSc in observational setting and
are a matter of future research.

The goal in the near future is to pilot these outcomes (see
Supplementary Appendices A and B, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.25171) in the juvenile SSc cohorts, with particular
focus on new or established patients starting medications, to
evaluate the change of these outcomes in juvenile SSc. Both indi-
vidual outcomes will be evaluated as well as a composite mea-
sure, with options to weigh measures.
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Serum Urate Monitoring Among Older Adults With Gout:
Initiating Urate-Lowering Therapy in Ontario, Canada

Timothy S. H. Kwok,1 Bindee Kuriya,1 Gillian Hawker,2 Ping Li,3 Gregory Choy,4 and Jessica Widdifield5

Objective. To assess the proportion of, and factors associated with, older adults with gout receiving a serum urate
(SUA) test after starting urate-lowering therapy (ULT).

Methods. We performed a population-based retrospective cohort study in Ontario, Canada in patients ages
≥66 years with gout, newly dispensed ULT between 2010 and 2019. We characterized patients with SUA testing within
6 and 12 months after ULT dispensation. Multilevel logistic regression clustered by ULT prescriber evaluated the fac-
tors associated with SUA monitoring within 6 months.

Results. We included 44,438 patients with a mean ± SD age of 76.0 ± 7.3 years and 64.4%male. Family physicians
prescribed 79.1% of all ULTs. SUA testing was lowest in 2010 (56.4% at 6months) and rose over time to 71.3% in 2019
(P < 0.0001). Compared with rheumatologists, family physicians (odds ratio [OR] 0.26 [95% confidence interval (95%
CI) 0.23–0.29]), internists (OR 0.34 [95% CI 0.29–0.39]), nephrologists (OR 0.37 [95% CI 0.30–0.45]), and other special-
ties (OR 0.25 [95% CI 0.21–0.29]) were less likely to test SUA, as were male physicians (OR 0.87 [95% CI 0.83–0.91]).
Patient factors associated with lower odds of SUA monitoring included rural residence (OR 0.81 [95% CI 0.77–0.86]),
lower socioeconomic status (OR 0.91 [95% CI 0.85–0.97]), and patient comorbidities. Chronic kidney disease, hyper-
tension, diabetes mellitus, and coprescription of colchicine/oral corticosteroids (OR 1.31 [95%CI 1.23–1.40]) were cor-
related with increased SUA testing.

Conclusion. SUA testing is suboptimal among older adults with gout initiating ULT but is improving over time. ULT
prescriber, patient, and prescription characteristics were correlated with SUA testing.

INTRODUCTION

A treatment principle of gout involves the lowering of serum
urate (SUA) below crystallization thresholds to avoid sequelae of
hyperuricemia such as tophi, nephrolithiasis, and inflammatory
arthritis (1,2). This principle has subsequently been endorsed in
current rheumatology clinical practice guidelines, promoting a
treat-to-target urate level strategy with urate-lowering therapy
(ULT) (3,4). A key step in guiding the titration of ULT to target
levels is the monitoring of SUA. This monitoring is critical in gout
management, as multiple dose escalations may be needed to
reach target levels (5). Consequently, SUA monitoring has
been endorsed in the American College of Rheumatology
(ACR) Electronic Clinical Quality Measures for Gout, with the

recommendation that SUA should be measured, at minimum,

within 6 months after ULT initiation (6).
To date, there have been few studies evaluating adherence

to SUA monitoring benchmarks, especially in the older adult pop-

ulation. This lack of evidence presents an important knowledge

gap, as the burden of gout increases with age (7). Studies thus

far have uniformly shown SUA monitoring to occur infrequently

after starting ULT, ranging from 17% to 45% within 6 months

(8,9). However, past analyses have not studied temporal trends

and did not analyze associated patient- and physician-level fac-

tors of SUA monitoring, nor did they focus on the older adult pop-

ulation. Our aim was to fill this knowledge gap and describe the

proportion of older adults with gout undergoing SUA testing
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within 6 months after ULT initiation. We also analyzed patient- and

physician-level factors associated with SUA testing.

PATIENTS AND METHODS

Setting and study design. This study was conducted in
Ontario, Canada’s most populous province. Ontario residents of
all ages are insured under the Ontario Health Insurance Plan
(OHIP), a single-payer health care system that covers medically
necessary services and procedures (such as laboratory tests).
These contacts for health services are recorded in administrative
databases that enable comprehensive evaluations of health ser-
vices. Within Ontario, adults ages 65 years and over also auto-
matically qualify for the Ontario Drug Benefit program for
prescription medications.

We analyzed a retrospective population-based cohort of
patients with gout age ≥66 years who were dispensed ULT
between January 1, 2010, and March 31, 2019, sampled from
health administrative data. The primary outcome was the pres-
ence of SUA testing within 6 and 12 months of ULT initiation.

This study was approved by a privacy impact assessment at
ICES (formerly called the Institute for Clinical Evaluative Sciences).
The use of the data was authorized under section 45 of Ontario’s
Personal Health Information Protection Act, which does not
require review by a research ethics board.

Data sources and definitions. Data sources for this
study included the province-wide Registered Persons Database
(to ascertain patient-level demographic information), the OHIP
claims database (to ascertain diagnosis codes during physician
encounters and SUA tests performed), the Ontario Drug Benefit
pharmacy claims database (to ascertain ULT dispensations), the

Canadian Institute for Health Information Discharge Abstract
Database (to ascertain inpatient diagnosis codes), the National
Ambulatory Care Reporting System (to ascertain diagnosis codes
during emergency department [ED] encounters), the Ontario Lab-
oratories Information System (to ascertain SUA values), and the
ICES Physician Database to identify specialty type and relevant
physician characteristics of ULT prescribers.

Patient sampling commenced with the requirement of indi-
viduals age ≥66 years having a ULT dispensed (a prescription that
was filled at a pharmacy) between January 1, 2010, and March
31, 2019, and who had a diagnosis code for gout (International
Classification of Diseases [ICD], Ninth Revision 274 or 712, and
ICD-10 M10). The date of the first ULT prescription served as
the index date.

Patients were excluded if they were not permanent residents
of Ontario, if they had missing data on age, sex, or location of res-
idence, or had prior ULT claims. Patients with ULT dispensations
in the 1-year period prior to age 66 years or January 1, 2010 were
thus excluded, to identify new ULT starts. To ensure that the
cohort was taking ULT for a diagnosis of gout, individuals without
at least 1 gout diagnosis code were excluded. To further exclude
patients taking ULT for conditions other than gout, we excluded
patients with certain types of acute hematologic malignancy
(i.e., all hematologic malignancies except for multiple myeloma
and indolent lymphomas), tumor lysis syndrome (TLS) or end-
stage renal disease (ESRD) with a look-back window of 2 years
before the index date. Multiple myeloma and indolent lymphomas
did not form a part of our exclusion criteria, as they are not
strongly associated with TLS (10). Patients with an acute hemato-
logic malignancy associated with TLS or TLS itself were excluded,
as these patients may have an alternate indication for ULT other
than gout, in the prevention or treatment of TLS (10). Patients with
ESRD were excluded as allopurinol may have been used in pre-
venting renal disease progression, as guided by historical evi-
dence (11). Patients with ULT dispensed and a gout diagnosis
code and who also had chronic kidney disease (CKD) were not
excluded, given CKD’s strong associations with hyperuricemia
(12). The diagnosis codes used to ascertain gout, hematologic
malignancies, TLS, and ESRD are detailed in Supplementary
Table 1, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.25167.

Covariates were measured on the index date of ULT dispen-
sation. Patient-level variables included age in years, sex, income
quintile, rural versus urban residence, calendar year of ULT pre-
scription, coprescription of colchicine/oral corticosteroids at the
time of or within 2 weeks of ULT prescription, ULT type/dose,
and comorbidities, including CKD, hypertension, prior cardiovas-
cular events, diabetes mellitus, chronic obstructive pulmonary
disease (COPD), nephrolithiasis, or an incident cancer diagnosis
in the past 2 years. Patient-level health care usage factors
included ED visits for gout within 2 years prior to the index date,
and whether patients had a designated primary care provider

SIGNIFICANCE & INNOVATIONS
• Serum urate (SUA) monitoring is variable and sub-

optimal (according to most international recom-
mendations) but is improving over time in older
adult patients with gout.

• Rheumatologists and family physicians have the
highest and lowest percentages, respectively, of
their patients having SUA monitoring after starting
urate-lowering therapy (ULT).

• Chronic kidney disease, hypertension, diabetes
mellitus, ULT prescribed by rheumatologists at
lower starting doses, in more recent years, and col-
chicine/oral corticosteroid prophylaxis were associ-
ated with higher odds of having SUA monitoring.

• Increasing patient age, rural residence, low socio-
economic status, male ULT prescriber, chronic
obstructive pulmonary disease, and prior cardio-
vascular events were associated with lower odds of
having SUA monitoring.
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(PCP). Physician-level variables included age, sex, volume of gout
visits, and specialty of the ULT prescriber. Gout practice volume
was defined by the total patient visits per year for gout during a
12-month observation window and was described using quin-
tiles. All covariates including comorbid conditions were identified
using hospital inpatient and outpatient diagnosis codes in the
2 years prior to cohort entry, and where possible were derived
from previously validated case definitions, with details in Supple-
mentary Table 1, available on the Arthritis Care & Research web-
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.25167.

Statistical analysis. Descriptive statistics determined the
proportion of patients with at least 1 SUA test performed within
6 months of starting ULT. The characteristics of the patient popula-
tions with and without SUA tests were compared using standard-
ized differences (computed as the difference in means or
proportions divided by the SE) with >0.1 (10%) considered a signif-
icant effect size (13,14). We also examined the distribution of the
first SUA test (after index ULT dispensation) by month. Annual
trends in the proportion of patients with SUA monitoring by 6 and
12 months after starting ULT were also determined, overall and
stratified by prescriber specialty. The Cochrane-Armitage trend test
was used to evaluate trend significance. Multilevel logistic regres-
sion clustered by ULT prescriber evaluated factors associated with
optimal SUA monitoring by 6 months. This logistic regression
model was done using generalized estimating equations with an
independent correlation structure, as we were interested in analyz-
ing the first SUA performed. Patient-level variables included demo-
graphic information, including age in years, sex, income quintile
(discerned based on the patients’ postal code and census neigh-
borhood income, with the fifth quintile representing the highest
income), rural versus urban residence (defined using the Rurality
Index for Ontario), calendar year of ULT prescription, coprescription
of colchicine/oral corticosteroids, ULT type/dose, and comorbidi-
ties. Patient-level health care usage factors included ED visits for
gout within 2 years prior to the index date, and whether patients
had a designated PCP (defined as not rostered, rostered, or virtu-
ally rostered). Physician-level variables included age, sex, and prac-
tice characteristics, including the volume of gout visits and specialty
of the ULT prescriber. Individuals with missing ULT prescriber phy-
sician data were excluded from the multivariable analyses.

Recognizing the potential low sensitivity of gout diagnosis
codes accompanying individuals with a ULT claim, we performed
a sensitivity analysis to see whether a secondary cohort who met
entry criteria but did not have gout diagnosis codes was similar to
our study population. To do so, we created a secondary cohort in
which a gout diagnosis code within 2 years prior to ULT initiation
was not required for cohort entry. We compared our primary
cohort with gout diagnosis codes to the secondary cohort without
gout diagnosis codes, in terms of differences in patient and pre-
scriber characteristics as well as the proportions of patients
undergoing SUA testing. The data sets were linked using

unique encoded identifiers and analyzed at ICES using SAS,
version 9.4.

RESULTS

After pertinent exclusion criteria were applied, the primary
cohort comprised 44,438 patients (Figure 1). Overall, 28,473
patients (64.1%) with gout had at least 1 SUA test within 6 months
of starting ULT. Patients who had SUA testing within 6 months after
ULT initiation (versus those who did not) were more likely to have
been prescribed ULT in recent years within the study time period,
to reside in urban areas, to have been prescribed colchicine or oral
corticosteroids at the time of or within 2 weeks of ULT prescription,
to be prescribed lower doses of allopurinol, to have CKD or diabe-
tes mellitus, and to have had their ULT prescribed by rheumatolo-
gists as opposed to family physicians (Table 1).

The overall percentage of patients with SUA testing within
6 and 12 months of receiving ULT was 64.1% and 75.2%,

Figure 1. Flow diagram for cohort creation. ESRD = end-stage
renal disease; OHIP = Ontario Health Insurance Plan; ULT = urate-
lowering therapy. Color figure can be viewed in the online issue, which
is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25167/
abstract.
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Table 1. Comparison of baseline patient characteristics for those with and without SUA testing by 6 months after ULT
initiation*

Characteristics
With SUA testing

(n = 28,473)
Without SUA testing

(n = 15,965)
Standardized
difference

Patient characteristics
Age, mean ± SD years 76.0 ± 7.2 76.1 ± 7.5 0
Male 18,198 (63.9) 10,435 (65.4) 0.03
Female 10,275 (36.1) 5,530 (34.6) –

Income quintile
1 (lowest) 5,512 (19.4) 3,202 (20.1) 0.02
2 6,103 (21.4) 3,444 (21.6) 0
3 5,667 (19.9) 3,396 (21.3) 0.03
4 5,701 (20.0) 3,066 (19.2) 0.02
5 (highest) 5,421 (19.0) 2,806 (17.6) 0.04

Rural residence 3,703 (13.0) 2,610 (16.3) 0.10
Chronic kidney disease 6,104 (21.4) 2,304 (14.4) 0.18
Hypertension 25,469 (89.4) 13,995 (87.7) 0.06
Diabetes mellitus 11,082 (38.9) 5,441 (34.1) 0.10
Chronic obstructive pulmonary disease 7,636 (26.8) 4,431 (27.8) 0.02
Prior cardiovascular event 2,917 (10.2) 1,701 (10.7) 0.01
Nephrolithiasis 615 (2.2) 311 (1.9) 0.01
Cancer 905 (3.2) 511 (3.2) 0

Prescription characteristics
Calendar year of ULT prescription
2010 3,020 (10.6) 2,332 (14.6) 0.12
2011 2,975 (10.4) 2,037 (12.8) 0.07
2012 2,812 (9.9) 1,887 (11.8) 0.06
2013 3,084 (10.8) 1,785 (11.2) 0.01
2014 2,874 (10.1) 1,514 (9.5) 0.02
2015 3,112 (10.9) 1,627 (10.2) 0.02
2016 3,385 (11.9) 1,639 (10.3) 0.05
2017 3,246 (11.4) 1,486 (9.3) 0.07
2018 3,309 (11.6) 1,394 (8.7) 0.10
2019† 656 (2.3) 264 (1.7) 0.05

Coprescription of colchicine/oral corticosteroids within
2 weeks of ULT dispensation

3,792 (13.3) 1,514 (9.5) 0.12

ULT type
Allopurinol 28,364 (99.6) 15,902 (99.6) 0
Febuxostat 65 (0.2) 23 (0.1) 0.02
Probenecid 44 (0.2) 40 (0.3) 0.02

ULT dose
Allopurinol: ≤50 mg/day 879 (3.1) 220 (1.4) 0.12
Allopurinol: 51–100 mg/day 12,956 (45.7) 6,128 (38.5) 0.14
Allopurinol: >100 mg/day 14,529 (51.2) 9,554 (60.1) 0.18
Febuxostat: ≤40 mg/day 7 (10.8) ‡ –

Febuxostat: >40 mg/day 58 (89.2) ‡ –

Health services characteristics
Emergency department visits for gout within

2 years prior to index date
0 23,948 (84.1) 13,414 (84.0) 0
1 3,763 (13.2) 2,082 (13.0) 0.01
≥2 762 (2.7) 469 (2.9) 0.02

Presence of primary care provider§
Not rostered 208 (0.7) 124 (0.8) 0.01
Rostered 24,883 (87.4) 13,453 (84.3) 0.09
Virtually rostered 3,382 (11.9) 2,388 (15.0) 0.09

ULT prescriber characteristics
Specialty, no. (% of total)
Internal medicine 1,635 (5.7) 707 (4.4) 0.06
Nephrology 789 (2.8) 244 (1.5) 0.09
Family medicine 21,640 (76.0) 13,506 (84.6) 0.22
Rheumatology 2,441 (8.6) 346 (2.2) 0.29
Other specialty 1,012 (3.6) 627 (3.9) 0.02
Unknown 956 (3.4) 535 (3.4) 0

* Values are the number (%) unless indicated otherwise. Percentages may not add up to 100% due to missing data related
to postal codes (income quintile). SUA = serum urate; ULT = urate-lowering therapy.
† Not a full calendar year due to the observation period ending on March 31, 2019, as per study design.
‡ Exact value cannot be provided due to adjacent small cell.
§ Having a primary care provider defined as being rostered (officially enrolled) or virtual rostered (repeatedly seeing same
physician) at any time within 2 years prior to the index date.
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respectively, and increased significantly over the study period
(P < 0.0001), from 56.4% and 69.5%, respectively, in 2010, to
71.3% and 79.6% in 2019 (Figure 2). SUA testing after ULT pre-
scription increased over time for all physician specialties (Figure 3).

SUA testing was consistently highest among rheumatologists, fol-
lowed by nephrologists and internists. Family medicine and other
specialty prescribers (i.e., not family medicine, internal medicine,
nephrology, or rheumatology) were less likely to perform SUA
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Figure 2. Trends in the annual percentage of patients with serum urate (SUA) tests performed within 6 months (180 days) and 12 months
(365 days) of urate-lowering therapy (ULT) initiation between 2010 and 2019.
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Figure 3. Percentage of gout patients with serum urate (SUA) testing within 6 months after index urate-lowering therapy (ULT) prescription,
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testing within 6 months (only 54.9%). The percentage of patients
with SUA tests within 6 months modestly improved to 67.4% in
2019 for family medicine. This finding drastically contrasts to rheu-
matologists prescribing ULT, as 75.8% of patients had SUA testing
within 6 months in 2010, increasing to 93.9% in 2019.Within the 6-
and 12-month observation window, 28,437 and 33,439 patients,
respectively, had SUA tests performed. Of these, 12,314 patients
(36.8%) had tests performed within the first month and 28,473
(85.1%) within the first 6 months.

In hierarchical logistic regression analyses (Table 2), increas-
ing patient age (OR 0.99 [95% CI 0.99–1.00]), residing in rural
areas (OR 0.81 [95% CI 0.77–0.86]), and being in the lowest
income quintile (OR 0.91 [95% CI 0.85–0.97]) were associated
with lower odds of having SUA testing. Moreover, patients with
concomitant CKD (OR 1.40 [95% CI 1.32–1.49]), hypertension
(OR 1.11 [95% CI 1.04–1.18]), and diabetes mellitus (OR 1.17
[95% CI 1.12–1.22]) had higher odds, while patients with COPD
(OR 0.94 [95% CI 0.90–0.99]) and prior cardiovascular events
(OR 0.85 [95% CI 0.79–0.91]) had lower odds of SUA testing.
From a ULT prescriber perspective, patients of male physicians
were less likely to have SUA testing (OR 0.87 [95% CI 0.83–
0.91]). Patients with ULT prescriptions from family physicians
(OR 0.26 [95% CI 0.23–0.29]), internists (OR 0.34 [95% CI
0.29–0.39]), nephrologists (OR 0.37 [95% CI 0.30–0.45]), and all
other specialties (OR 0.25 [95% CI 0.21–0.29]) were less likely to
have SUA testing compared with rheumatologists. ULT prescrip-
tion characteristics also played a role in SUA testing, with allopuri-
nol starting doses of 51–100 mg (OR 0.72 [95% CI 0.61–0.84]),
>100 mg (OR 0.55 [95% CI 0.47–0.65]), febuxostat (OR 0.57
[95% CI 0.34–0.97]) and probenecid (OR 0.43 [95% CI
0.27–0.70]) all being associated with a lower OR compared to a
starting dose of allopurinol of 50 mg. Patients with ULT prescribed
in 2015–2019 (OR 1.26 [95% CI 1.21–1.31]) compared to
2010–2014 and the coprescription of colchicine/oral corticoste-
roids (OR 1.31 [95% CI 1.23–1.40]) were both associated with a
higher likelihood of SUA testing. Sensitivity analyses demon-
strated similar results (see Supplementary Table 2 and Supple-
mentary Figure 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.25167).

DISCUSSION

We evaluated SUA testing after starting ULT in older adults
with gout in Ontario, Canada. Among 44,438 gout patients who
initiated ULT between 2010 and 2019, 64% of patients had SUA
testing within 6 months of ULT initiation. SUA testing improved
over time for all prescribers at all time points, while rheumatolo-
gists and family physicians had the highest and lowest rates of
testing, respectively.

Our rates of SUA testing are higher than those of others in the
literature. In particular, a prior retrospective claims analysis found

Table 2. Logistic regression analysis for factors and their associa-
tion with SUA testing within 6 months after starting ULT in older adult
patients with gout*

Characteristic
Adjusted OR
(95% CI) P

ULT prescribing physician-level
factors

Age <45 years (ref. ≥65 years) 1.02 (0.96–1.09) 0.504
Age 45–64 years (ref. ≥65 years) 1.02 (0.97–1.08) 0.411
Male (ref. female) 0.87 (0.83–0.91) <0.001
Gout practice volume

(ref. 4, top quartile)
1 1.05 (0.98–1.12) 0.163
2 1.06 (0.99–1.13) 0.055
3 1.06 (0.99–1.12) 0.072

Specialty (ref. rheumatology)
Family medicine 0.26 (0.23–0.29) <0.001
Internal medicine 0.34 (0.29–0.39) <0.001
Nephrology 0.37 (0.30–0.45) <0.001
Other specialty 0.25 (0.21–0.29) <0.001

Patient-level factors
Age (by 1 year of age) 0.99 (0.99–1.00) <0.001
Male (ref. female) 0.99 (0.95–1.04) 0.822
Income quintile (ref. 5, highest)

1 (lowest) 0.91 (0.85–0.97) 0.006
2 0.93 (0.88–1.00) 0.037
3 0.88 (0.82–0.94) <0.001
4 0.99 (0.93–1.06) 0.790

Rural residence
(ref. urban residence)

0.81 (0.77–0.86) <0.001

Comorbidities (ref. absence of
specific comorbidity)

Chronic kidney disease 1.40 (1.32–1.49) <0.001
Hypertension 1.11 (1.04–1.18) 0.002
Diabetes mellitus 1.17 (1.12–1.22) <0.001
Chronic obstructive pulmonary

disease
0.94 (0.90–0.99) 0.009

Prior cardiovascular event 0.85 (0.79–0.91) <0.001
Nephrolithiasis 1.06 (0.92–1.22) 0.434
Cancer 0.94 (0.83–1.05) 0.250

Prescription-level factors
Calendar year of ULT prescription

2015–2019 (ref. 2010–2014)
1.26 (1.21–1.31) <0.001

Coprescription of colchicine/oral
corticosteroids within 2 weeks
of ULT prescription (ref. no
coprescription)

1.31 (1.23–1.40) <0.001

ULT dose
(ref. allopurinol ≤50 mg daily)

Allopurinol 51–100 mg 0.72 (0.61–0.84) <0.001
Allopurinol >100 mg 0.55 (0.47–0.65) <0.001
Febuxostat 0.57 (0.34–0.97) 0.039
Probenecid 0.43 (0.27–0.70) 0.001

Health care usage factors
ED visits for gout within 2 years

prior to index date (ref. none)
1 1.00 (0.94–1.07) 0.937
≥2 0.91 (0.81–1.04) 0.161

Presence of primary care provider
(ref. absence)

Rostered 1.18 (0.93–1.49) 0.175
Virtually rostered 0.93 (0.73–1.18) 0.555

* 95% CI = 95% confidence interval; ED = emergency department;
OR = odds ratio; ref. = reference; SUA = serum urate; ULT = urate-
lowering therapy.
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that 17% of patients with gout on allopurinol had SUA measured
within 6 months of ULT initiation (8). This finding was contrasted
to a study of American veterans, where 62% of patients had
SUA tested within 6 months (9). In addition, an electronic medical
record–based study found that only 45% patients had SUA test-
ing within 6 months of starting allopurinol (15). These findings are
not just isolated to the US, as prior studies in New Zealand have
also demonstrated similar trends in gout care (16). Hence, our
data suggest a practice variation in SUA testing after starting
ULT as measured against current quality standards (6).

We identified a significant improvement over time in SUA
testing within 6 months of ULT dispensation, at 56% in 2010
and increasing over time to 71% by 2019. Additionally, we found
that a large proportion of SUA testing performed after index ULT
prescription was within the first month, at 36.8% of patients within
a 12 month period. These data suggest that for the subset of pre-
scribers who are indeed monitoring SUA after ULT prescription
for their patients with gout, monitoring begins very early. More
importantly, whether this close monitoring translates to dose
adjustments with regard to ULT dose titration is unknown. The
frequency of ongoing monitoring, factors related to ongoing mon-
itoring, and whether waning in monitoring occurs over time war-
rant further research. To our knowledge, this is the first study
reporting temporal trends in SUA monitoring in North America.
Whether or not improvements over time are reflective of sequen-
tially published clinical practice guidelines is unknown. A recent
study from the UK assessed the influence of gout clinical practice
guidelines on treat-to-target benchmarks and found no effect,
showing that secular trends in improvements began prior to
guideline dissemination (17).

The first references to a treat-to-target paradigm recom-
mending the monitoring of SUA levels were the 2006 EULAR
guidelines and subsequently the 2007 British Society for Rheu-
matology (BSR) guidelines (18,19). The subsequent chronology
of guidelines that occurred during our study observation period
included the 2012 ACR guidelines, which was the first set of
guidelines for gout developed by a North American rheumatology
society, and subsequently the 2017 American College of Physi-
cians (ACP) guidelines (20,21). Subsequent guidelines were pub-
lished during the study period and were developed in Europe,
thus leading to a questionable effect on our study population in
Canada. Since multiple international guidelines were published
during our study period, assessing the temporal influence of any
specific one is difficult.

We found that the rate of postprescription testing was signifi-
cantly higher for specialists than for PCPs. There has been a pau-
city of prior studies assessing the effect of physician specialty on
SUA monitoring. A prior study found that patients of specialist
ULT prescribers were more likely to undergo SUA monitoring com-
pared with patients receiving care from generalist practitioners
(68% versus 39%) (9). Gout management within primary care has
been previously studied in a US survey of physicians, which

demonstrated that SUA monitoring is suboptimal according to
international gout guidelines (22). There are many potential expla-
nations. Rheumatologists have the most advanced inflammatory
musculoskeletal disorder medical training in comparison to the
other specialties and may also be more likely to remain involved in
the ongoing care of gout patients as the principal care physician
overseeing the patient’s gout management, whereas other special-
ties (such as nephrologists) may be prioritizing the management of
the comorbid illness (e.g., kidney disease). While these other spe-
cialties may initiate ULT if indicated, there may be an expectation
for the PCP to provide ongoing gout care management. Moreover,
training in musculoskeletal medicine is limited in medical school
curricula, with knowledge gaps in musculoskeletal medicine dem-
onstrated among early career physicians and PCPs (23). The other
possibility is that the various specialties are adhering to different
sets of guidelines, with family medicine and internal medicine
potentially subscribing to the ACP guidelines that do not recom-
mend for or against SUA monitoring, while rheumatologists are
subscribing to the EULAR, BSR, and ACR guidelines, which rec-
ommend a treat-to-target SUA-level strategy (21).

For patient-level factors, increasing patient age, residence in
a rural area, and being in the lowest income quintile were associ-
ated with lower odds of having SUA testing. Considering the older
age of patients in this study with a high prevalence of comorbidi-
ties, the increasing complexity of multimorbidity management
may have impacted the quality of gout care due to competing
demands from other health conditions. Rural residence is often
associated with lower quality of care due to reduced health ser-
vices available in rural areas compared to urban centers, and
other sociodeterminants of health differences across regions
(24). The relationship between comorbidities and SUA testing var-
ied by condition. Those with concomitant CKD, hypertension, and
diabetes mellitus had higher odds of SUA testing, while patients
with COPD and prior cardiovascular events had lower odds.
These findings can possibly be explained by the nature of each
comorbidity. Namely, conditions such as CKD, hypertension,
and diabetes mellitus all require routine blood work for monitoring
as per their respective clinical practice guidelines, whether stem-
ming from the underlying disease itself or from associated phar-
macotherapy (25–27). Thus, the health care provider may have
added SUA to the monitoring blood work perhaps not solely for
the patient’s underlying gout, and the patient may have already
been present for blood work for other reasons besides gout.
However, why patients with prior cardiovascular events (who
should be undergoing serial laboratory monitoring for cholesterol
levels, for example) were less likely to have SUA testing is unclear.
Yet within Canada, significant deficiencies in cardiovascular care
have been reported, highlighting a need for quality improvement
initiatives to strengthen health service provisions to patients expe-
riencing major cardiovascular events (28).

Moreover, ULT prescription characteristics played a role in
SUA testing, with lower allopurinol starting doses at 50 mg daily
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being associated with a higher uptake of SUA monitoring. These
findings may have been explained by the fact that prescribers
who initiated lower doses of ULT may have been more likely to
dose escalate as per guideline recommendations by monitoring
SUA levels (3,4). Patients who were coprescribed colchicine/oral
corticosteroids were also associated with a higher likelihood of
SUA testing. Hence, patients who received SUA monitoring may
be the same patients whose ULT prescribers adhered to guideline
concordant care in terms of initiating gout flare prophylaxis ther-
apy when starting ULT.

A major study strength is the comprehensiveness of our data
within a universal health care program, where patients access the
majority of medical services and obtain laboratory investigations.
We also combined diagnosis codes alongside ULT data to
strengthen the ascertainment of our study population and per-
formed sensitivity analyses on our case ascertainment approach.
However, the use of health administrative data is marred by certain
limitations, as the data were not collected specifically for health
research purposes. First, the accuracy of identifying gout using
Ontario administrative data has not been quantified. While all indi-
viduals in this study were required to have both gout diagnosis
codes and, importantly, ULT dispensing claims, which greatly
reduced the potential for misclassification bias, we were not able
to use gout classification criteria for case definition (29). Conversely,
our approach to ascertain gout patients (which prioritizes specificity
and positive predictive value) possibly accompanied lower sensitiv-
ity at identifying all gout patients. Due to the limitations of adminis-
trative data, we lacked clinical information on gout severity and
gout flares, which may have influenced both physician and patient
behavior in SUA testing. Moreover, we were unable to identify tests
ordered by physicians in which patients failed to have their SUA
performed. Additionally, we did not assess adherence to ULT,
which could have been an important factor in influencing SUAmon-
itoring, as we may have overestimated the degree of SUA monitor-
ing in our cohort in assuming that all patients took ULT as
prescribed and should have undergone SUA testing.

We further assumed that physicians who prescribed ULT
were those responsible for ordering SUA, in analyzing the role of
the prescriber in gout care. In terms of generalizability of our data,
since our study was population-based within a universal health
care system where medically necessary services, including SUA
monitoring, are provided free of cost at the point of access to all
citizens, we expected that our rates of monitoring may be greater
than other jurisdictions with health care privatization. However, an
intrinsic limitation of administrative data is that we only included
patients with established gout diagnoses and initiated treatment,
and thus we were unable to identify individuals with undiagnosed
gout who are undertreated.

In conclusion, we demonstrated that SUA testing after index
ULT dispensation among older gout patients was lower than cur-
rently recommended by guidelines for gout, though SUA testing
appears to be improving over time. Large variation exists in

practice patterns for monitoring across different physician spe-
cialties, with rheumatologists and family physicians having the
highest and lowest percentages of their patients having SUA test-
ing, respectively. Last, our study suggests that patient, prescrip-
tion, health services, and ULT prescriber factors are correlated
with SUA testing. A need exists to further study the causal mech-
anisms behind which factors ultimately influence SUA testing and
to pinpoint tangible areas for improvement.
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Sex Differences in Pain and Quantitative Sensory Testing
in Patients With Rheumatoid Arthritis

Kelly Vogel,1 Lutfiyya N. Muhammad,1 Jing Song,1 Tuhina Neogi,2 Clifton O. Bingham,3

Marcy B. Bolster,4 Wendy Marder,5 Alyssa Wohlfahrt,6 Daniel J. Clauw,5 Dorothy Dunlop,1

and Yvonne C. Lee1

Objective. Women with rheumatoid arthritis (RA) have higher pain and worse functional outcomes compared to
men, even when treated with similar medications. The objective of this study was to identify sex differences in pain
intensity, pain interference, and quantitative sensory tests (QST), which are independent of inflammation, in patients
with RA.

Methods. This study is a post hoc analysis of participants in the Central Pain in Rheumatoid Arthritis cohort. Pain
intensity was assessed using a 0–10 numeric rating scale. Pain interference was measured using a Patient-Reported
Outcomes Measurement Information System computerized adaptive test. QST included pressure pain detection
thresholds, temporal summation, and conditioned pain modulation. Women and men were compared using multiple
linear regression, adjusted for age, education, race, research site, depression, obesity, RA disease duration, swollen
joint count, and C-reactive protein.

Results. Mean ± SD pain intensity was 5.32 ± 2.29 among women with RA, compared to 4.60 ± 2.23 among men
with RA (adjusted difference 0.83 [95% confidence interval (95% CI) 0.14, 1.53]). Women with RA had lower pressure
pain detection thresholds at the trapezius (adjusted difference –1.22 [95% CI –1.73, –0.72]), wrist (adjusted difference
–0.57 [95% CI –1.07, –0.06]), and knee (adjusted difference –1.10 [95% CI –2.00, –0.21]). No statistically significant dif-
ferences in pain interference, temporal summation, and conditioned pain modulation were observed.

Conclusion. Women reported higher pain intensity and lower pressure pain detection thresholds (higher pain sen-
sitivity) than men. However, pain interference, temporal summation, and conditioned pain modulation did not differ
between men and women.

INTRODUCTION

Women are disproportionately affected by autoimmune con-

ditions and chronic pain syndromes (1,2). For example, rheuma-

toid arthritis (RA) occurs at a female to male ratio of 3:1 (2), and,

compared to men with RA, women with RA suffer from more

active disease. Composite disease activity scores, such as the

Disease Activity Score in 28 joints (DAS28) include objective

(e.g., C-reactive protein [CRP] level) and subjective (e.g., patient

global assessment of disease activity, tender joint count [TJC])

components (3,4). The subjective components are highly

influenced by pain, which is in concurrence with women with RA

reporting higher pain ratings (5–7). Research suggests that the

disparity in pain is not fully explained by differences in disease

severity (i.e., structural damage) or access to treatment (8,9).
Variations in central nervous system (CNS) regulation of pain

may be one contributor to sex differences in pain intensity. CNS

regulation of pain can be assessed using quantitative sensory

tests (QST), including tests of pressure pain detection threshold

(PPTs), temporal summation (TS), and conditioned pain modula-

tion (CPM). Studies of healthy individuals have reported that

women are more sensitive to a wide range of noxious pain stimuli
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(pressure, heat, cold, ischemic, electrical, etc.) than men (10). In
addition, some studies suggest that healthy women have higher
TS of pain than healthy men, although these studies reveal more
mixed results than the studies on pain sensitivity (11). To our
knowledge, only one small study of 18 women and men has
examined sex differences in PPTs in patients with RA and did
not find significant differences in PPTs between men and women
(12).

In this study, we examine patient-reported pain intensity,
pain interference, and QST-based measures of CNS pain regula-
tion in women compared to men with RA. We hypothesize that
women with RA report higher pain intensity and higher pain inter-
ference and exhibit greater abnormalities in QST-derived mea-
sures of CNS pain regulation than men with RA. Furthermore,
we hypothesize that these differences are independent of poten-
tial sex-differences in peripheral and systemic inflammation.

PATIENTS AND METHODS

Study population. This study is a post hoc analysis of
baseline data from the Central Pain in Rheumatoid Arthritis
(CPIRA) cohort. CPIRA is a multicenter, prospective, observa-
tional study of participants designed to examine the association
between pain mechanisms, pain intensity, and treatment
response (13,14). Participants were recruited from 5 US aca-
demic medical centers from January 2014 to July 2017. Inclusion
criteria for the parent study (and hence this post hoc analysis)
were: 1) a diagnosis of RA based on the 2010 American College
of Rheumatology/EULAR criteria, and 2) starting or switching a
disease-modifying antirheumatic drug (DMARD) due to active
RA. Exclusion criteria were: 1) changing doses of centrally acting
pain medications (e.g., amitriptyline, gabapentin, or duloxetine)
within 3 months of enrollment; 2) >10 mg of prednisone daily or
its equivalent; 3) chronic opioid use or any opioid use within
24 hours of study date; 4) systemic autoimmune disease other
than RA; 5) severe Raynaud’s disease requiring pharmacologic
treatment; 6) severe peripheral vascular disease manifested by

claudication or ischemic rest pain; or 7) self-reported peripheral
neuropathy diagnosis.

The CPIRA study was approved by the institutional review
boards (IRBs) at each of the 5 participating academic medical
centers (Brigham andWomen’s Hospital, Massachusetts General
Hospital, Johns Hopkins University, University of Michigan,
Boston University). The Northwestern University IRB determined
that this study, which is a post hoc analysis of CPIRA data, met
the criteria for exemption from further IRB review.

Assessment of clinical variables. Baseline clinical vari-
ables were assessed at the initial study visit, prior to DMARD initi-
ation or change. These variables included age, sex, race,
education, body mass index (BMI), RA disease duration, and
patient global assessment. Race and ethnicity were self-reported
from a fixed set of categories. For race, this included American
Indian or Alaskan Native, Asian, Black or African American, Native
Hawaiian or other Pacific Islanders, White, or other. For ethnicity,
participants could select Hispanic or Latino or not Hispanic or
Latino. Sex was assessed by the question: “What is your gen-
der?”, with answer choices being male and female, consistent
with National Institutes of Health reporting guidelines. Serum from
the baseline visit was analyzed for CRP at a single laboratory. A
trained assessor performed a 28 swollen joint count (SJC) and
TJC; DAS28 score was calculated based on this information (15).

Patient-reported pain metrics. Pain intensity was
assessed by a 0–10 numerical rating scale with the lead question:
“In the past 7 days, how would you rate your pain on average?”.
Pain interference and depression were assessed by the Patient-
Reported Outcomes Measurement Information System
(PROMIS) computerized assessment tests. Participants were
considered to have symptoms consistent with depression if they
had a T score of ≥60 on the PROMIS bank v1.0 depression scale
(16).

QST. All participants underwent QST at baseline. We utilized
3 types of QSTs: 1) pressure pain detection thresholds (PPTs); 2)
temporal summation (TS); and 3) conditioned pain modulation
(CPM), as described in previous publications (17,18). Intraclass
correlation coefficients for PPT and TS measurements ranged
from 0.71 to 0.90, which is considered good to excellent. The
intraclass correlation coefficient for CPM was 0.45, which is con-
sidered fair (19).

PPTs. A Force 10 FDX algometer (Wagner) was used to
assess PPTs at the bilateral knees, wrists, trapezius muscles,
and thumbnails. The algometer probe was placed on the center
of the target, and force was applied at 0.5 kgf/second until pain
was reported. Three trials were performed per side. The PPT
was defined as the mean pressure at which pain was reported.
Low PPTs at extraarticular sites were considered to represent

SIGNIFICANCE & INNOVATIONS
• Women with rheumatoid arthritis (RA) reported

more intense pain than men, but there were no sta-
tistically significant sex differences in pain
interference.

• This study is the first to report that, compared to
men with RA, women with RA are more sensitive to
pressure applied at both articular and nonarticular
sites.

• Differences in pain intensity and pressure pain
detection thresholds remained despite controlling
for peripheral inflammation (assessed by swollen
joint counts) and systemic inflammation (measured
by C-reactive protein levels).
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increased pain sensitivity due to dysregulation of CNS pain mech-
anisms or other causes of widespread pain sensitivity, such as cir-
culating factors (cytokines), genetic factors, etc. Low PPTs at joint
sites were considered to reflect abnormalities in both central and
peripheral processes, including sensitization of the peripheral
nociceptor by joint inflammation (20). Differences in PPTs do not
represent a single mechanism of CNS dysregulation, and we are
unable to entirely disentangle differences in this metric from other
confounding psychological and cultural influences.

Temporal summation. Participants were tested with
6 blunt-tipped, punctate probes with forces ranging from 8 mN
to 256mN. Probes of increasing weight were tested on the partic-
ipant’s dorsal forearm until a pain score of 30–40 of 100 was pro-
duced. The probe generating a pain score between 30 and
40 was used for further testing. If no such pain rating was
achieved, the highest weighted probe was used. The selected
probe was tapped 10 times on the dorsal forearm. The participant
was asked to rate their pain on a 0–100 scale at taps 1, 5, and 10.
TS was calculated by subtracting the pain score at the first tap
from the pain score at the tenth tap. The mean TS was calculated
by taking the average of 3 trials. Higher TS values were indicative
of higher levels of central pain sensitization.

CPM. CPM was assessed using a painful conditioning stim-
ulus to activate the descending inhibitory pain pathways and a
test stimulus to assess pain sensitivity. The conditioning stimulus
was produced by inserting the participant’s right hand into a
5–7�C water bath. The test stimulus was pressure produced by
an algometer placed at the center of the contralateral trapezius.
PPTs were measured immediately prior to hand submersion in
the cold-water bath and after 20 seconds of cold-water submer-
sion. The ratio of the second PPT to the first PPT was calculated.
Inefficient (lower) CPM was considered indicative of abnormalities
in descending pain inhibition.

Statistical analysis. The primary outcomes were pain
intensity and pain interference. Secondary outcomes were PPT
at the knees, PPT at the wrists, PPT at the thumbnails, PPT at
the trapezius muscles, TS, and CPM. Means and SDs were cal-
culated and stratified by sex. The unadjusted and adjusted differ-
ences between women versus men as well as the 95%
confidence intervals (95% CIs) were calculated. Difference in pain
measures between sexes were examined using multiple linear
regression. The diagnostics of the multiple regression models
were checked during the construction of the models, and stan-
dard assumptions of linear regression were met. All adjusted
models included age, education, race, research site, depression,
and obesity as covariates because these variables may be related
to the pain outcomes (21–25). RA disease duration, SJC, and
CRP level were also included in the models to account for the
contribution of RA-related characteristics, including peripheral

and systemic inflammation, to pain (3,26). Sensitivity analyses
were performed, excluding depression and SJC as covariates.
Statistical testing used a nominal α = 0.05. All analyses were per-
formed using SAS software, version 9.4, and R.

RESULTS

Clinical characteristics. Of the 295 participants included
in the parent CPIRA study (242 female and 53 male), 280 individ-
uals (230 female and 50 male) had nonmissing data in all 7 out-
comes of interest. Following exclusion of participants with
missing predictor data (race, RA duration, or CRP level), 268 indi-
viduals remained (220 female and 48 male). Participants excluded
for missing data had similar baseline characteristics compared to
those included in the cohort, with the exception that excluded
participants were less likely to be White and less likely to have
some college education or higher (see Supplementary Table 1,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25178).

Most of the sample were women (82.1%). Most demo-
graphic characteristics were balanced between men and women,
although mean ± SD age was slightly lower for women (53.82
± 14.29 years) than men (and 58.06 ± 10.94 years). Compared
to women, a slightly higher proportion of men self-reported as
White (83.3% versus 73.2%), and a higher proportion of men
were obese (47.9% versus 33.2%) (Table 1). The metrics of

Table 1. Baseline characteristics of study participants*

Characteristic
Women
(n = 220)

Men
(n = 48)

Age, years 53.82 ± 14.29 58.06 ± 10.94
Race, no. (%)
White 161 (73.2) 40 (83.3)
African/African American/

Black
38 (17.3) 4 (8.3)

Asian 11 (5.0) 0 (0)
American Indian/Alaskan

Native
0 (0) 1 (2.8)

Unknown 10 (4.6) 3 (6.3)
Ethnicity, no. (%)
Spanish/Hispanic/Latino 15 (6.8) 3 (6.3)
Not Spanish/Hispanic/Latino 205 (93.2) 45 (93.8)

Some college or higher, no. (%) 169 (76.8) 34 (70.8)
BMI, kg/m2 28.02 ± 6.65 30.66 ± 6.07
Obesity, no. (%) 73 (33.2) 23 (47.9)
Depression, no. (%) 33 (15.0) 6 (12.5)
Disease duration, years 9.84 ± 11.58 9.81 ± 13.73
CRP, mg/liter 8.28 ± 12.83 7.11 ± 10.01
Swollen joint count 4.92 ± 4.57 5.58 ± 6.00
Tender joint count 10.61 ± 8.53 10.17 ± 7.89
Patient global assessment
score†

4.28 ± 2.47 3.81 ± 2.19

DAS28 score† 4.38 ± 1.22 4.24 ± 1.27

* Values are the mean ± SD unless indicated otherwise. BMI = body
mass index; CRP = C-reactive protein; DAS28 = Disease Activity Score
in 28 joints.
† Women: n = 186; men: n = 41.
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disease severity were balanced between men and women
(Table 1). Pain medication use was also similar between men
and women (see Supplementary Table 2, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.25178).

Patient-reported pain metrics. Compared to men,
women reported greater pain intensity on average (5.32 versus
4.60). This difference was statistically significant (unadjusted dif-
ference 0.72 [95% CI 0.004, 1.43]; adjusted difference 0.83
[95% CI 0.14, 1.53]; standardized mean difference 0.31 [95% CI
0.002, 0.63]). PROMIS pain interference scores were not signifi-
cantly different between men and women (unadjusted difference

0.99 [95% CI –1.25, 3.23]; adjusted difference 1.12 [95% CI
–1.04, 3.28]) (Figure 1 and Table 2).

Results of QSTs. Compared to men, women had signifi-
cantly lower PPTs at the trapezius, wrist, and knee in unadjusted
and adjusted analyses. On average, women also had lower PPT
at the thumbnail compared to men, although this difference was
not statistically significant (Figure 2 and Table 3). There were no
statistically significant differences in temporal summation (unad-
justed difference 2.06 [95% CI –2.55, 6.67]; adjusted difference:
1.54 [95% CI –3.19, 6.27]) or CPM between women and men
(unadjusted difference: 0.08 [95% CI –0.03, 0.19]; adjusted

Figure 1. Sex differences in patient-reported pain intensity and interference. Raw data points for women represented by circles and for men by
triangles. Within each box, horizontal lines denote the median; boxes extend from the 25th to 75th percentile of each group’s distribution of values;
and vertical lines extending from the boxes denote the most extreme values within 1.5 interquartile range of the 25th and 75th percentile of each
group.

Table 2. Sex differences in patient-reported pain intensity and pain interference*

Survey
Women
(n = 220)

Men
(n = 48)

Unadjusted difference
women vs. men (95% CI)

Adjusted difference
women vs. men (95% CI)†

Pain intensity numeric
rating scale

5.32 ± 2.29 4.60 ± 2.23 0.72 (0.004, 1.43)‡ 0.83 (0.14, 1.53)‡

PROMIS pain
interference scale

60.61 ± 7.40 59.63 ± 5.73 0.99 (–1.25, 3.23) 1.12 (–1.04, 3.28)

* Values are the mean ± SD unless indicated otherwise. 95% CI = 95% confidence interval; PROMIS = Patient-
Reported Outcomes Measurement Information System.
† Adjusted for research site, age, education, race, obesity, depression, disease duration, C-reactive protein level,
and swollen joint count.
‡ Significant.
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difference 0.06 [95% CI –0.05, 0.18]). Sensitivity analyses exclud-
ing depression and SJC as covariates yielded similar results.

DISCUSSION

The objective of this study was to identify sex differences in
pain, which are independent of peripheral and systemic inflamma-
tion, in patients with RA. In analyses adjusted for SJC and CRP,
women with RA reported higher pain intensity but no statistically
significant difference in pain interference. Women also had lower
PPTs at the trapezius, wrist, and knee. No statistically significant
differences in TS and CPM were observed between men and
women.

The finding that women reported higher pain intensity than
men is in concordance with a meta-analysis of individuals with
inflammatory arthritis. Barnabe and colleagues reported that all

but 1 of 24 studies found that women with RA reported higher
pain intensity than men with RA (5). The standardized mean differ-
ence between women and men was 0.21 (95% CI 0.16, 0.26;
P < 0.001) (5), which was similar to the standardized mean differ-
ence observed in our study (0.31 [95% CI 0.002, 0.63]).

While the difference in pain intensity between men and
women was statistically significant, the clinical significance of
these findings is less clear. The 95% CI of 0.14 to 1.53 represents
a range of potential true differences, which includes values above
and below the minimum clinically important difference (MCID) in
pain intensity of 1 unit on a scale of 0–10 (27). The relatively wide
confidence interval likely reflects variability in the data. This vari-
ability is expected because pain is a subjective experience that is
often multifactorial in etiology. Given the range in values, however,
we cannot conclude that the difference observed in this study is
clinically meaningful. Nevertheless, the consistency in our results

Figure 2. Sex differences in pressure pain detection thresholds. Raw data points for women represented by circles and for men by triangles.
Within each box, horizontal lines denote the median; boxes extend from the 25th to 75th percentile of each group’s distribution of values; and ver-
tical lines extending from the boxes denote the most extreme values within 1.5 interquartile range of the 25th and 75th percentile of each group.

Table 3. Sex differences in pressure pain detection thresholds*

Location
Women
(n = 220)

Men
(n = 48)

Unadjusted difference
women vs. men (95% CI)

Adjusted difference
women vs. men (95% CI)†

Thumbnail 3.65 ± 1.94 3.85 ± 2.04 –0.19 (–0.81, 0.42) –0.31 (–0.95, 0.32)
Trapezius 2.74 ± 1.49 4.02 ± 1.98 –1.28 (–1.77, –0.78)‡ –1.22 (–1.73, –0.72)‡
Wrist 2.85 ± 1.56 3.40 ± 1.74 –0.54 (–1.05, –0.04)‡ –0.57 (–1.07, –0.06)‡
Knee 5.28 ± 2.74 6.44 ± 3.06 –1.16 (–2.04, –0.28)‡ –1.10 (–2.00, –0.21)‡

* Values are the mean ± SD unless indicated otherwise. 95% CI = 95% confidence interval.
† Adjusted for research site, age, education, race, obesity, depression, disease duration, C-reactive protein level,
and swollen joint count.
‡ Significant.
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with the results of aforementioned meta-analysis (5) supports the
conclusion that these differences are real. Understanding
the mechanisms underlying these differences is necessary to
develop targeted therapies to improve pain management in this
era of precision medicine.

To our knowledge, no studies have examined sex-
differences in pain interference in patients with RA. In this study,
the point estimate of the adjusted difference in PROMIS pain inter-
ference was 1.12, which is small compared to the MCID of 2–3
(28,29). Furthermore, the 95%CI overlapped 0. Taken in conjunc-
tion with the small sex differences in pain intensity, this finding
suggests that pain-associated function does not differ in a clini-
cally meaningful manner between sexes. The range of possible
values in PROMIS pain interference, however, was relatively wide,
with a lower bound of –1.04 and an upper bound of 3.28. As
such, the clinical interpretation of this finding remains unclear.

This study is unique because, in addition to examining sex
differences in patient-reported pain intensity and pain interfer-
ence, we also assessed sex differences in QST measures. Con-
sistent with literature in the general population and other chronic
pain conditions, women reported lower PPTs compared to men
(30,31). The value of QST lies in the information that they, in
aggregate, provide on pain phenotype, which, in turn, provides
information regarding the neurobiological mechanisms underlying
that phenotype. Differences in PPTs at joint sites (wrists and
knees) could occur due to sex-based differences in peripheral
sensitization, central sensitization, or both (20). The observation
that women also reported lower PPTs at non-joint sites, though
only statistically significant at the trapezius, suggests that these
differences may be partially mediated by sex-based differences
in CNS regulation of pain. Alternatively, the underlying neurobio-
logical pathways may not differ between men and women, but
rather, the differences in PPTs may be related to differences in
psychological and/or cultural mechanisms that influence pain
reporting. While PPTs are thought to be objective measures of
pain sensitivity, they ultimately still rely on patient reporting of the
first sensation of pain.

To probe potential pathways leading to the observed differ-
ences in PPTs, we examined sex differences in TS and CPM. To
our knowledge, this was the first study to compare TS between
men and women with RA. We did not observe significant differ-
ences in TS between men and women with RA. Most studies in
healthy populations have reported higher TS in women than
men, although there have also been several studies showing no
differences between groups (11,32). One study of patients with
osteoarthritis (OA) reported increased TS in women compared
to men (33). Taken in totality, there is insufficient evidence to sup-
port sex-based differences in TS among patients with RA, OA,
and other arthritic disease populations.

This was the first study to examine sex differences in CPM
among patients with RA. We did not observe a difference in
CPM between men and women with RA. Similarly, a systematic

review by Racine et al reported that most studies involving healthy
subjects found no difference in CPM between women and men
(32). Interestingly, a recent study reported that inter-individual dif-
ferences accounted for 24–34% of the variance in CPMwhile age,
sex, and intensity of the conditioning stimulus together only
explained <3–12% of the variance (34). Possible inter-individual
differences contributing to CPM include genetic variations
(e.g., polymorphisms in a serotonin transporter gene), behavioral
differences (e.g., cardiovascular reactivity to pain), and psycho-
logical traits (e.g., anxiety, depression, catastrophizing) (35–37).

These findings may have important research implications. As
previously discussed, our results are consistent with multiple prior
studies showing that women with inflammatory arthritis report
higher pain intensity than men (5). In addition, our results are inter-
nally consistent. Compared to men, women had higher pain
intensity and lower PPTs across multiple body sites. This consis-
tency provides confidence that these differences are real. We
want to emphasize, however, that the clinical relevance of each
specific QST (e.g., PPTs, TS, CPM), taken in isolation, is unclear.
No data exist regarding the MCID in PPTs, TS, and CPM in
patients with RA. While some data exist for other populations
(e.g., patients with mandibular pain, neck pain, back pain), we
are not confident in the applicability of these results given differ-
ences in study population and testing procedures (38,39). Never-
theless, we believe the data in this manuscript reveal interesting
avenues for future research which should be pursued in larger
studies, which are specifically designed to examine sex differ-
ences in pain and pain mechanisms. Understanding these differ-
ences will be important for improving equity of care and
developing precision-based medicine approaches to pain
management.

Existing literature has identified sex-based neurobiological
differences in pain perception, which range from the level of tran-
scription in the dorsal root ganglia to differences in cell types
important for pain processing in the brain (40). For example,
expression of colony stimulating factor 1, a factor important for
inducing CNS changes to promote mechanical hypersensitivity,
was higher following chronic constriction injury in the dorsal gan-
glion of female rodents compared to their male counterparts
(41). In addition, animal studies have shown that microglia, a type
of central immune cell, are important mediators of pain hypersen-
sitivity in male but not female mice (42). Studies in humans, using
PET imaging to tag microglia, may be helpful in further under-
standing differences in CNS regulation between men and women.

In addition to differences in the neuroimmune regulation of
pain, hormonal differences may alter the pain experience through
multiple pathways. Testosterone seems to be antinociceptive
given the correlation between decreased androgen concentra-
tions and chronic pain, whereas the effect of estradiol and pro-
gesterone on pain appears to be more complex (43). Sex
hormones may also influence activation of brain opioid receptors.
Specifically, women with high estradiol have been found to have
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decreased pain sensitivity and increased brain mu-opioid recep-
tor binding compared to women with low estradiol (43).

Furthermore, sex/gender differences in psychological factors
(e.g., coping, catastrophizing, affect), as well as societal influences
on gender role expectations may have a large impact on pain (44).
Depression is more prevalent in women than men and is highly
comorbid with pain (24). Symptoms of depression are associated
with processes that may augment pain, including cognitive distor-
tions and lower levels of positive reinforcement (45). There may also
be a neurobiological underpinning to this association, given that
both pain perception and depression involve serotonin and norepi-
nephrine signaling (46). Furthermore, different coping strategies for
pain are established from a young age. For example, women score
higher on pain catastrophizing, a negative form of coping charac-
terized by amplified negative reactions to pain (24,47,48). Finally,
social pressures and stereotypes are also likely to influence differ-
ences in response to pain by gender. The gender expectation is
that men will exhibit stoicism and thus express less pain (49). Inter-
estingly, Robinson et al showed that gender differences in QSTs
are reduced when adjusting for gender role expectations (50).

There are limitations to our study. First, this work was a post
hoc analysis. The parent CPIRA study was not designed to look
for sex differences in pain, and the question used to assess sex
was not explicit about sex assignment at birth versus gender
identity. While it asked about “gender,” it did not include nonbi-
nary options. Given the timeframe during which data were col-
lected (2014–2017) and the lack of nonbinary answer options,
we infer that the participants understood this question to be
regarding their sex assigned at birth rather than a reflection of their
gender identity. However, we acknowledge that we cannot disen-
tangle the effects of the neurobiological effects of sex from the
influence of systemic and structural factors of gender identity that
may influence the pain experience. Second, the study population
may not be representative of all RA patients. We only enrolled par-
ticipants switching or initiating DMARD therapy due to active dis-
ease. Thus, they likely had more pain and inflammation than the
general RA population. Furthermore, the sample size of men in
this study was smaller than the sample size for women and may
have limited our ability to detect significant sex differences in sur-
vey and QST measurements. The difference in sample sizes likely
reflects the lower prevalence of men than women with
RA. However, we cannot exclude the possibility of a contribution
from selection bias. Third, a higher proportion of men than women
were taking as needed opioid medications, which could, in the-
ory, influence outcomes. We think this is unlikely given that we
excluded all patients who were taking opioids regularly (more
often than not over a 3-month period) from the study, thereby
excluding individuals who may have long-term changes in pain
processing, such as opioid-induced hyperalgesia. Short-term
effects of opioids were mitigated by requiring participants to hold
their opioids for at least 24 hours prior to study procedures.
Finally, while we controlled for SJC and CRP as markers of

peripheral and systemic inflammation, more sensitive methods
of detecting synovitis (e.g., ultrasound, magnetic resonance
imaging) were not utilized. Thus, we are not able to exclude the
possibility that residual differences in peripheral and/or systemic
inflammation may be confounding our analysis and contributing
to observed differences in pain.

Our study has multiple strengths. First, it controlled for differ-
ences in disease activity by including SJC and CRP as covariates
in the models, allowing us to assess sex differences in pain and
pain mechanisms, independent of peripheral and systemic inflam-
mation. Second, this is one of few studies with data on QST in
patients with RA, and the first to show a difference between
women and men in QSTs in this population. To our knowledge,
only one other study examined differences in PPTs between
men and women with RA, and that study included only 18 men
and 18 women (12).

In conclusion, our work demonstrates sex differences in pain
intensity and QST assessments of pain mechanisms in patients
with RA independent of inflammation. Women reported higher
pain intensity than men. Compared to men, women were more
sensitive to pain at articular and nonarticular sites, suggesting dif-
ferences in peripheral and CNS regulation of pain. These results
indicate that sex-based differences impact neurobiological func-
tioning and, ultimately, the pain experience, in patients with
RA. These observations are impactful because patients and
health care providers frequently consider pain as an indicator of
inflammation, and composite disease activity measures include
assessments that are influenced by the pain experience
(i.e., patient global assessment) and pain sensitivity (i.e., TJC).
However, there are no modifications to disease activity thresholds
based on sex or gender. Because these assessments directly
affect treatment decisions and outcomes, it will be increasingly
important for researchers and health care providers to consider
the impact of sex and gender on pain, particularly as the field of
rheumatology moves toward individualized treatment plans a part
of a precision medicine treatment approach.
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Trends in Fracture Rates Over Two Decades Among Veterans
With Ankylosing Spondylitis

Sali Merjanah,1 Jean W. Liew,1 John Bihn,2 Nathanael R. Fillmore,3 Mary T. Brophy,4 Nhan V. Do,4

and Maureen Dubreuil4

Objective. There is an increased risk of fracture in individuals with ankylosing spondylitis (AS) compared to the
general population, possibly due to systemic inflammatory effects. The use of tumor necrosis factor inhibitors (TNFi)
may reduce fracture risk by inhibiting inflammation. We assessed fracture rates in AS versus non-AS comparators
and whether these rates have changed since the introduction of TNFi.

Methods. We used the national Veterans Affairs database to identify adults ≥18 years old with ≥1 International
Classification of Diseases, Ninth Revision (ICD-9)/ICD-10 code for AS and at least 1 disease-modifying antirheumatic
drug prescription. As comparators, we selected a random sample of adults without AS diagnosis codes. We calculated
fracture incidence rates for AS and comparators, with direct standardization to the cohort structure in 2017.
To compare fracture rates from 2000 to 2002 (pre-TNFi) versus 2004–2020 (TNFi era), we performed an interrupted time
series analysis.

Results. We included 3,794 individuals with AS (mean age 53 years, 92%male) and 1,152,805 comparators (mean
age 60 years, 89% male). For AS, the incidence rate of fractures increased from 7.9/1,000 person-years in 2000 to
21.6/1,000 person-years in 2020. The rate also increased among comparators, although the ratio of fracture rates
(AS/comparators) remained relatively stable. In the interrupted time series, the fracture rate for AS patients in the TNFi
era was nonsignificantly increased compared to the pre-TNFi era.

Conclusion. Fracture rates have increased over time for both AS and non-AS comparators. The fracture rate in
individuals with AS did not decrease after TNFi introduction in 2003.

INTRODUCTION

There is mounting evidence of the impact of comorbidities on

disease activity, functional disability, and mortality in axial spondy-

loarthritis, including ankylosing spondylitis (AS) (1–3). Abnormali-

ties in bone metabolism, including osteoporosis and fractures,

are a concern due to their association with morbidity and mortal-

ity. The prevalence of fracture has been estimated to be 3.9% in

AS. The risk of vertebral fractures in AS is increased 2- to 4-fold

compared to the general population, and the risk of all nonverteb-

ral fractures is 10% higher in AS than age- and sex-matched

comparators, in 1 study (4,5). Cervical spine fractures were the

leading cause of in-hospital mortality in a study of hospitalized

AS patients (6).
The increased risk of vertebral fracture among this

population is thought to be primarily due to local bone remodel-

ing, causing some areas of excess bone formation and some

areas of decreased bone density (7). Excess bone in the spine

leads to higher spinal rigidity and vulnerability to fractures even

with trivial trauma. Increased fracture risk at sites outside the

spine is thought to be due to effects of systemic inflammation.

The proinflammatory cytokine tumor necrosis factor (TNF) has

been linked to increased bone resorption through activation of

osteoclasts (8–10).
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TNF inhibitors (TNFi) are theorized to lower the risk of osteo-
porosis and fracture by inhibiting TNF, the driver of inflammation in
AS (11,12). The first TNFi, etanercept, gained US Food and Drug
Administration approval for treatment of AS in 2003, and the use
of TNFi is recommended for those with AS who do not have clin-
ical improvement with use of nonsteroidal antiinflammatory
(NSAID) drugs. However, there is a paucity of evidence as to
whether TNFi have effects on clinical aspects of AS beyond spinal
inflammation and disease activity. No large-scale studies have
assessed the effect of TNFi on fracture risk in AS patients, despite
some studies suggesting increased bone density with TNFi use
among AS patients (13). Therefore, we studied the trends in the
incidence rates of fractures among those with AS in time periods
before and after the introduction of TNFi for treatment of AS, using
an interrupted time series (ITS) analysis.

MATERIALS AND METHODS

Data source. This study was conducted using the national
Veterans Affairs (VA) Clinical Data Warehouse (CDW), which col-
lates electronic health records of veterans seen at VA facilities
nationwide, including both outpatient visits and hospitalizations
(14). These data include diagnoses, detailed medication prescrip-
tions and pharmacy fill records, the results of laboratory and
imaging studies, procedure reports, and vital status. The longitu-
dinal nature of this data set makes it ideal for the study of chronic
disease outcomes (15–17).

Study population. We included adults ≥18 years old who
had ≥1 International Classification of Diseases, Ninth Revision
(ICD-9) or ICD-10 code for AS from an outpatient data source
separated by at least 7 days, and at least 1 disease-modifying

antirheumatic drug (DMARD), immunosuppressive treatment
(IST), or biologic medication fill or administration. The validity of
AS diagnosis based on ICD-9/10 codes has been established
and used for epidemiologic studies of AS with a positive predictive
value of 71.8% (18,19). To be more confident that individuals
classified as having AS truly had disease, we required at least 1 fill
or administration of a relevant medication (DMARD, IST, or bio-
logic) within 90 days before or 90 days after an ICD code for
AS. We included subjects from 2000 to 2017; the final year
for study entry was 2017, to allow for appropriate follow-up time
for the outcome of interest.

As non-AS comparators, we selected a 20% random sample
of adults without a prior AS diagnosis in each year and applied the
same age and other inclusion criteria as for the AS group. Within
each study year, we selected an eligible comparator for each indi-
vidual who fulfilled the definition of AS as defined above.

Subjects were excluded if they had ≥1 ICD-9/10 code for
rheumatoid arthritis (RA) or psoriatic arthritis (PsA), were miss-
ing age data, or if their age was <18 years on the date of AS
diagnosis. Additionally, if subjects had history of the outcome
of interest (radius, femoral, or vertebral fracture) prior to cohort
eligibility, they were excluded to allow identification of incident
outcomes.

Outcomes. The primary outcome of interest, any fracture in
the radius, femur, or vertebra, was defined by ICD-9/10 or
Current Procedural Terminology (CPT) codes (see Supplementary
Table 1, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.25166).

For each AS subject, follow-up time began at the time of AS
diagnosis as defined above. Follow-up for each comparator
began at the time they met other inclusion criteria (age and VA
health care utilization). Subjects were followed until they had a
fracture, reached age 90 years, died, were disenrolled from the
VA, or at the study end in December 2020.

Statistical analysis. We calculated fracture incidence
rates over 6-month time periods from 2000 to 2020 as the num-
ber of incident fractures in each cohort divided by the number of
person-years of follow-up for that cohort, separately for the AS
and comparison groups. For each time period, only patients
who received treatment at the VA within the calendar year, as
determined by outpatient service and billing data, were included
in the analysis.

For AS and comparators, direct standardization was used to
standardize rates to the structure of the cohort in the year 2017
(the final year of diagnosis eligibility for the study). Incidence rates
were stratified by sex. For male patients for whom the sample size
was larger, rates were further stratified for age categories (<50,
50–59, 60–69, 70–79, 80–89 years) and race (White, Black,
other, or unknown). In order to assess whether fractures were
increasing more in AS than in comparators over time, we

SIGNIFICANCE & INNOVATIONS
• The risk of fracture is increased in individuals with

ankylosing spondyloarthritis (AS) compared to the
non-AS comparators of the same age and sex, pos-
sibly due to systemic inflammation. Despite some
studies suggesting improved bone density with
tumor necrosis factor inhibitor (TNFi) use among
AS patients, no large-scale studies have assessed
the effect of TNFi on fracture risk in this population.

• In this study, fracture rates increased over the past
2 decades for both individuals with AS and non-AS
comparators. These findings suggest increasing
detection and diagnosis of fractures over time
overall.

• In the interrupted time series, there was no reduc-
tion in fracture rates in AS patients with the intro-
duction of TNFi. Therefore, more work needs to be
done to explore other potential interventions
beyond screening and treating traditional risk fac-
tors for fractures among people with AS.
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calculated the ratio of fracture rates in the AS group versus
comparators in each 6-month study period.

ITS. To assess for changes in fracture rates following the
introduction of TNFi for use in AS, we then carried out an ITS anal-
ysis comparing the trends in 6-month incidence rates of fractures
in 2 periods: the pre-TNFi era (2000–2002) and the TNFi-era
(2004–2020). The 1-year interruption period, representing the
introduction of TNFi for use in AS in the US, was set as the year
2003, which was when etanercept was approved for this indica-
tion. Fractures during the 1-year interruption period were not
included in calculations of event rates in the pre-TNFi era (prior
to 2003) or the TNFi era (2004–2020).

Upon visually inspecting the data, the AS fracture rate was
substantially higher in the first half of 2001 (14.5 AS
fractures/1,000 person-years) than all other points during this
study period (range 4.5–8 AS fractures/1,000 person-years).
Therefore, we excluded this point prior to running the ITS analysis.
Additionally, to test the robustness of our results, we performed
sensitivity analyses using different interruption periods (2004,
2005, and 2006) for the ITS, as changes in prescriptions and TNFi
use implementation likely took place gradually following the
approval of etanercept in 2003.

Lastly, to assess whether a certain type of fracture accounted
for the overall fracture trend, we looked at the incidence rates of
vertebral, femoral, and radius fracture separately using the

Figure 1. Flow diagram of study inclusion for the ankylosing spondylitis (AS) group. Disease-modifying antirheumatic drugs (DMARDs) and
immunosuppressive therapy (IST) included apremilast, azathioprine, chloroquine, hydroxychloroquine, cyclosporine, methotrexate, leflunomide,
sulfasalazine, mycophenolate mofetil and cyclophosphamide. Biologics included infliximab, adalimumab, etanercept, golimumab, certolizumab,
secukinumab, ixekizumab, ustekinumab, rituximab, anakinra, abatacept, tocilizumab and sarilumab. ICD-9 = International Classification of
Diseases (ICD); RA = rheumatoid arthritis. PsA = psoriatic arthritis.
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nonstandardized incidence rates for each period, in order to show
the change in these fracture rates over time.

RESULTS

Baseline characteristics. We identified 3,794 patients
with AS who met the eligibility criteria for the study and
1,152,805 non-AS comparators. The flow diagram of study inclu-
sion is shown in Figure 1.

Demographicandclinical characteristicsofASandcomparator
cohorts are shown in Table 1. For the AS group, themean± SD age

was 53 ± 15 years, 92.2% were men, and 77% were White. The
comparator group had a mean ± SD age of 60 ± 16 years, 89.4%
were men, and 69.8% were White. The mean length of follow-up in
patients with AS and in comparators was 5.7 years and 7.9 years,
respectively. The use ofNSAIDs, glucocorticoids, conventional syn-
thetic DMARDs, TNFi, and non-TNFi biologicswasmore frequent in
the AS group, as was prevalence of extra-musculoskeletal manifes-
tations of AS, including enthesitis, uveitis, inflammatory bowel dis-
ease, and psoriasis. The prevalence of comorbidities, including
diabetes mellitus, chronic kidney disease, and end stage renal dis-
ease was similar between both groups. Obesity (body mass index
30+ kg/m2) and smoking were more commonly seen in the AS
group.

Primary results. Among AS patients, the fracture
incidence rate was 7.9/1,000 person-years in the first half of
2000 compared to 3.4/1,000 person-years in the comparator
cohort. The fracture rates were increased to 21.6 and 7.2
fractures/1,000 person-years among AS and comparators,
respectively, at the end of the study in December 2020. Stan-
dardized fracture rates are shown in Supplementary Table 2
(available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25166). The ratio of
fracture rates in the AS group compared to the comparison
group ranged from 2.3 in 2000 to 3 in 2020 with a range from
1 to 4.1 (Figure 2).

ITS analysis. For the AS group in the pre-TNFi era
from 2000 to 2002, the fracture rate increased by 0.04
fractures/1,000 person-years per each 6-month period after
January to June 2000. Following the interruption period in 2003,
the fracture incidence rate in the TNFi era increased by 0.19
fractures/1,000 person-years for each 6-month period

Figure 2. Fracture rates for ankylosing spondylitis (AS) and com-
parators. The yellow line represents the ratio of fracture rates for AS
versus non-AS comparators. PY = person-year.

Table 1. Demographic and clinical characteristics of AS and com-
parator groups*

AS group
(n = 3,794)

Comparison group
(n = 1,152,805)

Age, mean ± SD years 53.3 ± 15.2 60.2 ± 16.7
Follow-up time, years 5.7 7.9
Sex†
Female 7.8 10.6
Male 92.2 89.4

Race†
Black 12.5 16.8
Other or unknown 10.5 13.4
White 77.0 69.8

Ethnicity†
Not Hispanic or Latino 90.4 86.2
Hispanic or Latino 6.0 6.1
Unknown 3.6 7.6

NSAIDs 77.8 42.3
Glucocorticoids 54.6 28.5
csDMARDs +IST† 45.3 1.3
TNFi 82.8 0.3
Non-TNFi biologics‡ 11.1 0.1
Enthesitis 26.8 14.0
IBD 19.3 5.1
Psoriasis 5.9 2.8
Uveitis 25.5 1.2
Diabetes mellitus 30.8 32.1
Hypertension 63.4 65.5
Chronic kidney disease 10.6 9.9
Peptic ulcer disease 51.4 38.5
Obesity (BMI ≥ 30 kg/m2) 46.0 38.4
Smoking 37.2 29.0
Cancer§ 2.4 2.8
Congestive heart failure 7.7 8.0
ESRD 1.9 1.8
HIV 2.7 0.5
Ischemic heart disease 22.9 25.8
Liver disease 14.2 8.4
Pulmonary disease 2.7 3.0

* Values are the%. AS = ankylosing spondyloarthritis; BMI = bodymass
index; csDMARDs = conventional synthetic disease-modifying anti-
rheumatic drugs; ESRD = end-stage renal disease; IBD = inflammatory
bowel disease; IST = immunosuppressive treatment; NSAIDs = nonste-
roidal antiinflammatory drugs; TNFi = tumor necrosis factor inhibitor.
† csDMARDS and IST included apremilast, azathioprine, chloroquine,
hydroxychloroquine, cyclosporine, methotrexate, leflunomide, sulfa-
salazine, mycophenolate mofetil, and cyclophosphamide.
‡ Non-TNFi biologics included secukinumab, ixekizumab, ustekinu-
mab, rituximab, anakinra, abatacept, tocilizumab, and sarilumab.
§ Excluding non-melanomatous skin cancer.
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(Figure 3A). The difference in fracture rates between the pre-TNFi
and TNFi eras was 0.15 fractures/1,000 person-years (P = 0.87).

In the comparator group, the fracture rate in the pre-TNFi era
increased by 0.03 fractures/1,000 person-years per 6-month
period (Figure 3B). In the TNFi era, the incidence rate of fractures
increased by 0.11 fractures/1,000 person-years per 6-month
period. A difference of 0.08 fractures/1,000 person-years

(P = 0.35) was observed between pre-TNFi and TNFi eras. The
ITS analysis results were further detailed (see Supplementary
Table 3, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.25166).

Sensitivity analysis. We assessed the impact of using dif-
ferent interruption periods on fracture rate trends between the

Figure 3. Results of the interrupted time series analysis for fracture rates in ankylosing spondylitis (AS) (A) versus comparators (B). The interrup-
tion period is the year 2003. The black line represents the trend in the fractures. The red dotted line represents the predicted fracture rate assuming
that pre–tumor necrosis factor inhibitor (TNFi) era trends continued. Each data point represents fractures per 1,000 person-years. Color figure can
be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25166/abstract.
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pre- and post-TNFi periods (see Supplementary Figures 1–3,
available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25166).
Overall, we saw similar trends compared to our main results.

The annual incidence rates of vertebral, femoral, and radius
fracture for both AS and non-AS comparators are shown in Sup-
plementary Figure 4, available at http://onlinelibrary.wiley.com/
doi/10.1002/acr.25166). Vertebral fractures accounted for the
majority of fractures in AS group (3 times more frequent than
nonvertebral fractures). Overall, trends in fractures were increas-
ing over time for all fracture types.

DISCUSSION

To our knowledge, this study is one of the largest US studies
to assess fracture rates in individuals with AS over 2 decades,
while considering the impact of biologic treatment. We observed
an increase in the fracture incidence rate over time for both AS
and non-AS comparator groups. These findings suggest a
broader trend toward increased fracture occurrence for the gen-
eral population overall, possibly through enhanced detection of
fractures with more frequent or better resolution imaging, or in
more accurate documentation of fractures within the medical
records.

For the AS group, the ITS analysis demonstrated a nonsignif-
icant increase in fracture rates in the TNFi era compared to the
pre-TNFi era. Our findings were unable to demonstrate that
the introduction and uptake of TNFi for the treatment of AS
reduced the rate of fractures. These results highlight the need for
clinical vigilance in the management of bone health in AS patients
due to the known increased fracture risk associated with this
condition.

The increased incidence of fractures in individuals with AS
has been well demonstrated in multiple studies in the last decade,
althoughmost have focused on vertebral fractures (4,20–23). Ver-
tebral compression fracture has been recognized as a common
leading cause for hospitalization in AS patients and its incidence
has been steadily increasing (24). Using the National Inpatient
Sample, Wysham and colleagues found that cervical spine frac-
ture was the leading cause of in-hospital mortality (6). Consistent
with our results, a recent population-based study of 2,321 AS
patients showed that there was increased vertebral fracture risk
in AS compared to matched comparators without history of rheu-
matic disease; results remained unchanged after adjusting for
multiple confounders including osteoporosis (21).

A study of 758 AS patients from a UK general practitioner
database concluded that hip and forearm fractures were not sig-
nificantly increased in AS compared to patients without AS (23).
Similar results regarding hip fracture risk in AS were seen in
2 meta-analyses published in 2017. Zhang and colleagues found
no statistically significant association between AS with the risk of
any fracture or of hip fracture, despite finding an association
between AS and increased risk of vertebral fractures (22). The

hip fracture risk in these meta-analyses may have been underesti-
mated due to the study design, the definition of fractures, and
small sample sizes. Our results showed overall increased fracture
rates for both vertebral and nonvertebral fractures.

Disease activity due to inflammation is associated with radio-
graphic progression in the spine in AS patients (25,26). It has
been hypothesized that treatment with antiinflammatory medica-
tions such as TNFi, via the reduction of disease activity and
inflammation, slows or prevents radiographic progression in AS
(27,28). Bone metabolism in AS is altered by systemic inflamma-
tion through multiple cytokine pathways (9). Studies have shown
that TNF impairs bone turnover by activating osteoclasts, increas-
ing osteoblast apoptosis, and decreasing osteoblast proliferation
(13). Furthermore, studies found a beneficial effect of TNFi on
bone mineral density measures in AS patients (13,29). Therefore,
we expect that TNFi might reduce fracture risk through reduction
of inflammation and disease activity.

There is a paucity of literature on whether the increased use
of TNFi is protective against fractures. To our knowledge, only
2 earlier studies have evaluated fracture risk in AS in relation to
TNFi use (21,30). An Australian population-based observational
study looked at 2,321 patients with AS and found significantly
increased risk of vertebral fracture in AS compared to matched
non-AS comparators, but the risk did not change following the
introduction of TNFi (21). A Swedish longitudinal cohort spanning
22 years found that the proportion of spinal fractures in hospital-
ized AS patients increased from 0.82% in 1987 up to 11.3% in
2008; however, this study could not account for predisposing
factors for fractures such as age, sex, or osteoporosis (30). The
increased fracture rates in AS patients in the Swedish study could
be explained by greater clinical awareness of fractures, and the
availability of advanced imaging modalities and resources. In our
study, we attempted to address the secular trends toward
increased fractures over time by reporting fracture rates in AS
compared to those in comparators during the same calendar
periods.

Certain limitations of our study must be acknowledged. We
cannot fully exclude the possibility of misclassification of AS cases
or fracture outcomes determined from ICD and CPT codes alone,
although these definitions have been previously validated
(18,19,21,30–32). Further, we were unable to account for the
magnitude of bias from changes in diagnostic coding accuracy
over time. Although we accounted for potential confounding
through direct standardization for age, sex, race, and year, when
possible, residual confounding may still affect the interpretation
of our results. Subjects with more severe AS are more likely to
be prescribed TNFi, and their severe disease would put them at
risk for fracture, which may offset any potentially protective effect
of treatment. Additionally, low fracture event rates, especially for
AS, may have affected our study results and we may lack the pre-
cision to see a statistically significant difference. Finally, while the
approval of etanercept and other TNFi for AS occurred at discrete
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timepoints, use of TNFi in clinical practice may have been gradual
and difficult to capture by applying a year-long interruption period
in 2003 in our main ITS analysis.

The strengths of this study include the large
population-based sample, strict inclusion and exclusion criteria,
and longitudinal examination of trends in fracture rates over
2 decades. The interrupted time series is a commonly utilized
and an established quasi-experimental design for evaluating the
longitudinal effects of time-delimited interventions, such is the
case for the introduction of TNFi for the treatment of AS in 2003
(33). The availability of longitudinal data allowed assessment of
long-term effects of TNFi on AS fracture rates.

In conclusion, using a large cohort of AS patients and non-
AS comparators from national VA data, we saw increased frac-
ture rates over time for both AS and comparators. The interrupted
time series analysis showed no decrease in the fracture incidence
rate in AS patients with the introduction of TNFi. Although the evi-
dence is strong behind using TNFi in AS for controlling disease
activity, our results do not support the use of TNFi alone to
decrease fracture risk. Further work should explore other poten-
tial interventions beyond screening and treating traditional risk
factors for fractures among people with AS.
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Burden of Knee Osteoarthritis in 204 Countries and
Territories, 1990–2019: Results From the Global
Burden of Disease Study 2019

Guangmin Yang,1 Jue Wang,2 Yun Liu,3 Haojie Lu,3 Liu He,2 Changsheng Ma,2 and Zhe Zhao1

Objective. To report the global, regional, and national estimates of knee osteoarthritis (OA) burden and associated risk
factors (high body mass index [BMI]) by age, sex, and sociodemographic index (SDI) for 204 countries from 1990 to 2019.

Methods. We analyzed the prevalence, incidence, years lived with disability (YLDs), and age-standardized rates of
knee OA using data from the Global Burden of Diseases, Injuries, and Risk Factors Study 2019. Estimates of the knee
OA burden were derived from data modeled using a Bayesian meta-regression analytical tool (DisMod-MR 2.1).

Results. The global prevalence of knee OA in 2019 was �364.6 million (95% uncertainty interval [95% UI] 315.3 to
417.4). The age-standardized prevalence in 2019 was 4,376.0 per 100,000 (95% UI 3,793.0 to 5,004.9), an increase of
7.5% between 1990 and 2019. There were �29.5 million incident cases of knee OA in 2019 (95% UI 25.6 to 33.7), with
an age-standardized incidence of 350.3 per 100,000 (95% UI 303.4 to 398.9). The global age-standardized YLD result-
ing from knee OA was 138.2 (95%UI 68.5 to 281.3) per 100,000 population in 2019, an increase of 7.8% (95%UI 7.1 to
8.4) from 1990. Globally in 2019, 22.4% (95% UI 12.1 to 34.2) of YLD resulting from knee OA was attributable to high
BMI, an increase of 40.5% since 1990.

Conclusion. The prevalence, incidence, YLDs, and age-standardized rates of knee OA increased substantially in
most countries and regions from 1990 to 2019. Continuous monitoring of this burden is important for establishing
appropriate public prevention policies and raising public awareness, especially in high- and high–middle SDI regions.

INTRODUCTION

Osteoarthritis (OA), a heterogeneous, multifactorial chronic

disease affecting multiple joints throughout the body, progresses

differently between individuals over time (1,2). The knee joint is

the most common site of OA (3,4). The structural lesions of knee

OA that cause pain and loss of function are mainly involved in car-

tilage degeneration, bone remodeling, osteophyte formation, and

chronic inflammation throughout the joint (5). Physical therapy,

weight control, and pain relievers are the leading management

modalities for knee OA in daily life (1,2). Advanced-stage knee

OA can require surgical intervention, such as knee replacement,

which can impose a high health and social burden on individuals

and health systems.
Several studies have reported the prevalence of knee OA in

a few nations, but its large-scale distribution and variability

across countries and regions remain unclear (6). Using data from

the Global Burden of Disease Study (GBD) 2010 and 2017, pre-

vious studies have reported the burden of musculoskeletal dis-

ease and arthritis in different regions and countries using

different classification methods, but no study has yet specifically

analyzed the global burden of knee OA (4–7). According to a

study using the Dutch national public health database, the num-

ber of knee OA cases in the Netherlands was predicted to rise

41% between 2015 and 2040 (4,7). Given the increasing burden

of knee OA, continuous disease surveillance is vital for planning

and managing the health care needs of the population. On the

basis of the GBD 2019 study, we analyzed prevalence, inci-

dence, years lived with disability (YLDs), and associated risk fac-

tors (including high body mass index [BMI]) for knee OA by sex,

age, and sociodemographic index (SDI) in 204 countries and

regions worldwide.
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MATERIALS AND METHODS

Overview. The GBD is a tool administered by the Institute
for Health Metrics and Evaluation (IHME) to analyze epidemiologic
data worldwide since 1990. The GBD study estimates preva-
lence, incidence, mortality, YLDs, years of life lost, and disability-
adjusted life years (DALYs) for each country and territory by age
and sex. The GBD 2019 studied 369 diseases and injuries, rate
of change, and 87 attributable risk factors in 204 countries and
territories. Detailed information and methodology for GBD 2019
have been reported (8,9), and all GBD 2019 data are available
online (https://vizhub.healthdata.org/gbd-compare/ and https://
vizhub.healthdata.org/gbd-results/). The GBD study complies
with the Guidelines for Accurate and Transparent Health Esti-
mates Reporting (GATHER) statement (10). The University of
Washington Institutional Review Board approved GBD 2019 and
waived informed consent because of its use of deidentified data.

Case definition. In the GBD 2019 study, knee OA is
defined as symptomatic OA around the knee joint radiologically
confirmed as Kellgren/Lawrence grades 2–4 (11). Grade 2 is
characterized by 1 clear osteophyte in the knee joint and pain for
at least 1 month of the last 12 months. Grades 3–4 are character-
ized by osteophytes and joint space narrowing in the affected
joint, with deformity present for grade 4 and pain for at least
1 month of the last 12 months. The International Statistical Classi-
fication of Diseases and Related Health Problems, Tenth Revision
(ICD-10) code for knee OA is M17. The ICD-9 code for OA is
715, without specific codes for various sites.

Data sources and processing. In the GBD 2019, all exist-
ing sources for the prevalence and incidence of knee OA used in
the GBD 2017 study were re-reviewed, and a broad systematic
review was performed to gather more input data in 2019 for data
on the knee joint. Detailed search strategies for prevalence and
incidence have been described elsewhere (8). Exclusion criteria
were as follows: 1) subpopulations not representative of the
national population; 2) not a population-based study; 3) low

sample size (<150); and 4) review rather than an original study.
Details of the data search strategy were described in the previous
literature (8). For knee OA, the GBD group identified studies
reporting based on radiographs only, self-reported OA with pain,
and self-reported OA with no information on pain. The analysis
did not include hospital inpatient data because it may not repre-
sent true prevalence. Results of the systematic review showed
that the numbers of countries reporting knee OA prevalence and
incidence estimates were 26 and 4, respectively.

Modeling. Estimates of incidence and prevalence of knee
OA were generated using the software DisMod-MR 2.1, a Bayes-
ian mixed-effects meta-regression tool. DisMod-MR 2.1 imposes
coherence between heterogeneous epidemiologic data to make
consistent prevalence and incidence estimates. In the GBD
2019, the modeling strategy for knee OA was adjusted on remis-
sion. Bounds were set between 0 and 0.05 to account for knee
replacement compared with the GBD 2017. The disability
weight (DW) assessments of knee OA were based on describing
significant functional consequences and symptoms. Graded
descriptions and disability weights for OA severity were based
on the Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC), with scores 0–5 taken as mild (DW 0.023 [95%
uncertainty interval (95% UI) 0.013 to 0.037]), 6–13 as moderate
(DW 0.079 [95% UI 0.054 to 0.110]), and ≥14 as severe
(DW 0.165 [95% UI 0.112 to 0.232]) (see Supplementary
Table 1, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.25158). The
proportion of each severity of knee OA was determined from
5 studies, including 4 studies representing the high-income South
Asia, Southeast Asia, East Asia, and Oceania super regions
defined by the GBD, and 1 from the US Osteoarthritis Initiative
study (8,12). The pooled percentages were 47.0% (95% UI 42.2
to 51.9) for mild, 35.9% (95% UI 31.3 to 40.7) for moderate, and
17.1% (95% UI 12.9 to 21.6) for severe for low- and middle-
income countries, and 74.3% (95% UI 64.8 to 82.7) for mild,
24.3% (95% UI 16.4 to 33.1) for moderate, and 1.1% (95% UI
0.6 to 1.7) for severe for high-income countries.

DALYs are a standard measure used to quantify disease bur-
den. Because no deaths were assumed to be attributable to knee
OA in the GBD-estimated cause-of-death model, DALYs for OA
were considered the same as YLDs. YLDs were obtained by mul-
tiplying the prevalence of each severity by the corresponding
DW. Uncertainty was incorporated by sampling 1,000 draws
throughout the modeling process. Estimates were summarized
as means of draws and 95% UIs (2.5th and 97.5th percentiles of
ordered draws). In the GBD 2019 study, age-standardized rates
for prevalence, incidence, and YLDs were calculated based on
the GBD world population age standard (13). The SDI is a com-
prehensive index that composites average rankings of the
incomes per capita, average educational attainment, and fertility
rates to measure the placement of countries or territories in the

SIGNIFICANCE & INNOVATIONS
• The Global Burden of Disease Study 2010 and 2017

reported heavy disease burden of osteoarthritis
(OA) in the past decades; however, no studies have
systematically analyzed the global burden of
knee OA.

• This study reported the prevalence, incidence, years
lived with disability, age and sex patterns, and
related risk factors for knee OA at the global,
regional, and national levels.

• Continuous burden monitoring and early health
care planning can help mitigate the impacts of knee
OA.
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development process, assigning a score ranging from 0 to
1 (8,14). The expected relation between SDI and YLD rates was
determined using the smoothing splines model of estimates for
all regions from 1990 to 2019. For adults >20 years, the theoreti-
cal minimum risk exposure level for BMI (20–25 kg/m2) was deter-
mined based on the BMI level associated with the lowest risk of
all-cause death in previous studies (15,16). Therefore, high BMI
in the GBD 2019 study was defined as a BMI >25kg/m2 (9).

RESULTS

Overall burden. In 2019, the prevalence of knee OA was
�364.6 million (95% UI 315.3 to 417.4) worldwide, accounting
for 4.9% (95% UI 4.2 to 5.6) of all causes of disease in the global
population. The age-standardized prevalence estimate was
4,376.0 per 100,000 (95% UI 3,793.0 to 5,004.9), with an
increase of 7.5% between 1990 and 2019. Moreover, the incident
cases of knee OA in 2019 were �29.5 million (95% UI 25.6 to
33.7), with an age-standardized incidence rate of 350.3 per
100,000 (95% UI 303.4 to 398.9) and a 6.2% (95% UI 5.6 to
6.7) increase from 1990 to 2019 (Table 1).

Among the 21 GBD regions, high-income Asia Pacific, East
Asia, and Australasia had the highest prevalence, with age-
standardized rates of 5,662.9 (95% UI 4,898.9 to 6,475.1),
5,123.3 (95% UI 4,386.3 to 5,919.0), and 4,903.7 (95% UI
4,250.3 to 5,651.3) per 100,000, respectively. Central Asia,
Southeast Asia, and Central Europe had the lowest estimated
prevalence, with age-standardized rates of 2,908.0 (95% UI
2,489.3 to 3,370.5), 3,317.7 (95% UI 2,851.9 to 3,827.5), and
3,413.7 (95% UI 2,929.0 to 3,938.7) per 100,000, respectively.
Andean Latin America, southern Latin America, and Southeast
Asia showed the largest increases in age-standardized preva-
lence between 1990 and 2019 (12.9% [95% UI 9.6 to 16.6],
12.7% [95% UI 9.6 to 16.8], and 12.4% [95% UI 10.8 to 14.1],
respectively). In contrast, high-income North America, high-
income Asia Pacific, and Central Sub-Saharan Africa showed
the lowest increases (–1.8% [95% UI –5.5 to 2.1], 2.6% [95% UI
1.3 to 3.9], and 4.3% [95% UI 1.1 to 7.4], respectively) over that
period (Table 1).

The highest age-standardized incidence of knee OA was in
high-income Asia Pacific (449.1 [95% UI 391.6 to 511.2]), east
Asia (401.9 [95% UI 347.0 to 459.6]), and Australasia (394.7
[95% UI 343.1 to 453.5]). Central Asia (248.8 [95% UI 215.0 to
287.7]), Southeast Asia (273.6 [95% UI 237.6 to 313.0]), and
Central Europe (288.1 [95% UI 250.0 to 331.0]) had the lowest
age-standardized incidence. Andean Latin America, Southeast
Asia, and Australasia showed the largest increases in age-
standardized incidence (11.1% [95% UI 8.1 to 14.5], 10.5%
[95% UI 9.2 to 11.9], and 10.5% [95% UI 6.5 to 13.8], respec-
tively). In contrast, high-income North America, high-income Asia
Pacific, and Central Sub-Saharan Africa showed the lowest
increases (0.3% [95% UI –3.0 to 3.9], 1.8% [95% UI 0.4 to 3.3],

and 3.7% [95% UI 0.7 to 6.6], respectively) between 1990 and
2019 (Table 1).

In GBD 2019, China, India, the US, and Japan had the larg-
est numbers of cases of knee OA, which were �108.1 million
(95% UI 91.9 to 125.8 million), 46.9 million (95% UI 40.5 to 53.7
million), 24.7 (95% UI 21.6 to 28.0 million), and 16.1 million
(95% UI 14.0 to 18.3), respectively (see Supplementary Table 2,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25158). The countries
with the highest age-standardized prevalence were the Republic
of Korea, Brunei Darussalam, Singapore, and Japan, which were
6,211.1 (95% UI 5,360.4 to 7,095.2), 5,954.0 (95% UI 5,127.2 to
6,827.8), 5,850.4 (95% UI 5,071.7 to 6,682.9), and 5,462.2 (95%
UI 4,726.4 to 6,267.4) per 100,000, respectively (Figure 1 and
Supplementary Table 2, available at http://onlinelibrary.wiley.
com/doi/10.1002/acr.25158). The countries with the lowest
age-standardized prevalence per 100,000 were Tajikistan
(2,624.6 [95% UI 2,240.2 to 3,037.6]), Canada (2,752.8 [95% UI
2,356.6 to 3,186.7]), and Mongolia (2,790.7 [95% UI 2,392.2 to
3,238.5]). Oman, Thailand, and Equatorial Guinea showed the
most significant change in the age-standardized prevalence rate
from 1990 to 2019, which were 18.8% (95% UI 14.0% to
23.7%), 18.6% (95% UI 12.8% to 25.3%), and 17.2% (95% UI
12.2% to 22.3%), respectively. The US showed negative growth
in age-standardized prevalence, at −2.1% (95% UI –6.0 to 2.0)
from 1990 to 2019. The 2 other lowest-growth countries over that
period were the Republic of Korea and Japan, which were 0.6%
(95% UI –3.3 to 5.0) and 1.1% (95% UI 0.1 to 2.1), respectively.
Incidence trends among countries were similar to prevalence
results (see Supplementary Figure 1 and Supplementary
Table 3, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.25158).

Knee OA–related YLDs. In 2019 globally, the number of
YLDs as a result of knee OA was 11.5 million (95% UI 5.7 to
23.5), accounting for 1.33% (95% UI 0.76 to 2.51) of all-cause
YLDs in the population, with an age-standardized rate of 138.2
(95% UI 68.5 to 281.3) per 100,000 population. The percentage
change in the age-standardized rate of YLDs increased by 7.8%
(95% UI 7.1 to 8.4) between 1990 and 2019.

Regionally, high-income Asia Pacific (180.9 [95% UI 89.6 to
367.5]), East Asia (163.7 [95% UI 80.1 to 334.0]), and Australasia
(154.6 [95% UI 76.8 to 315.0]) had the highest age-standardized
rates of YLDs, while Central Asia (92.2 [95% UI 45.9 to 189.0]),
Southeast Asia (105.2 [95% UI 51.8 to 215.0]) and Central
Europe (107.8 [95% UI 53.3 to 219.2]) showed the lowest rates
in 2019. Andean Latin America (12.9% [95% UI 6.7 to 9.3]),
Southeast Asia (12.8% [95% UI 11.1 to 14.6]), and southern Latin
America (12.6% [95% UI 8.9 to 17.1]) showed the largest per-
centage change in age-standardized YLDs between 1990 and
2019. High-income North America (−2.3% [95% UI –5.9 to 1.8]),
high-income Asia Pacific (3.3% [95% UI 1.8 to 4.8]), and Central
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Sub-Saharan Africa (4.9% [95% UI 1.2 to 8.3]) showed the lowest
trends, including decreases, in the percentage change in age-
standardized YLDs (Table 1).

The Republic of Korea, Brunei Darussalam, Singapore, and
Japan showed the largest age-standardized YLD rates, which
were 198.0 (95% UI 98.6 to 402.8), 187.7 (95% UI 92.2 to
382.5), 187.1 (95% UI 92.6 to 378.6), and 174.6 (95% UI 86.3
to 353.5), respectively, per 100,000 (see Supplementary
Figure 2 and Supplementary Table 4, available on the Arthritis

Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.25158). Tajikistan, Canada, and Mongolia had the
lowest age-standardized YLD rates, which were 83.5 (95% UI
40.7 to 171.6), 87.2 (95% UI 43.2 to 176.5), and 88.8 (95% UI
43.7 to 181.3) per 100,000. Thailand, Oman, and
Equatorial Guinea had the largest changes in YLD rates from
1990 to 2019, which were 19.7% (95% UI 12.8 to 26.8), 18.8%
(95% UI 13.1 to 24.7), and 18.3% (95% UI 12.8 to 24.3), respec-
tively. In addition, the US, Burundi, and the Republic of Korea
showed the lowest changes in YLD rates from 1990 to 2019,
which were –2.7% (95% UI –6.6 to 1.7), 1.4% (95% UI –3.6 to
6.9), and 1.6% (95% UI –2.8 to 6.4) respectively (see Supplemen-
tary Figure 3 and Supplementary Table 4, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25158).

Burden by SDI. In 2019, the prevalence rate attributable to
knee OA was higher in the high SDI and high–middle SDI quintiles

than in the middle, low-middle, and low SDI quintiles (Figure 2).
The high–middle SDI quintiles showed the most notable changes,
with age-standardized prevalence rates increasing by 11.9%
(95% UI 10.5 to 13.3) between 1990 and 2019. The high SDI
quintile showed the lowest change in age-standardized preva-
lence rates among quintiles, at 4.3% (95% UI 2.9 to 5.7) between
1990 and 2019. The incidence and YLD rates showed similar
trends in prevalence between 1990 and 2019 (see Supplemen-
tary Figures 3 and 4, available on the Arthritis Care & Research

website at http://onlinelibrary.wiley.com/doi/10.1002/acr.25158).
Generally, the age-standardized YLDs of knee OA increased

gradually with increasing SDI between 1990 and 2019 (Figure 3).
Between 1990 and 2019, high-income Asia Pacific and East Asia
showed much higher age-standardized YLD rates than expected
based on SDI level, although these trends have declined in recent
years. Although SDI increased between 1990 and 2019, Central
Asia, Southeast Asia, Central Europe, and Eastern Europe
showed much lower YLDs than other regions. Age-standardized
YLD rates for knee OA fluctuated in high-income North America
between 1990 and 2019, with an overall downward trend
(Figure 3).

Age and sex patterns. Globally in 2019, knee OA preva-
lence increased with age, with a peak in both sexes within the
age range of 55–69 years. The incidence of knee OA also
increased with age, peaking in both sexes at ages 45–59 years.

Figure 1. Global map of age-standardized prevalence rate for knee osteoarthritis in 2019 (data available at http://ghdx.healthdata.org/gbd-
results-tool).
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Female patients showed higher prevalence estimates than
male patients across all age groups (Figure 4). The global age-
standardized prevalence rate was 5,161.4 (95% UI 4,470.9 to

5,889.7) per 100,000 population in female patients and 3,510.2
(95% UI 3,032.6 to 4,037.0) in male patients, and the female-
to-male ratio was 1.47. East Asia, high-income Asia Pacific, and

Figure 3. Age-standardized rate of years lived with disability (YLDs) for knee osteoarthritis for 21 world regions, 1990–2019. Solid black line indi-
cates expected values based on Socio-demographic Index and YLD rates of all regions (data available at http://ghdx.healthdata.org/gbd-results-tool).
Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25158/abstract.

Figure 2. All ages prevalence per 100,000 population by 5 common sociodemographic index (SDI) quintiles for knee osteoarthritis, 1990–2019.
Shaded areas show 95% uncertainty intervals (data available at http://ghdx.healthdata.org/gbd-results-tool). Color figure can be viewed in the
online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25158/abstract.
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Oceania had the largest female-to-male ratios of all regions at
1.72, 1.69, and 1.55, respectively. The Republic of Korea,
Brunei Darussalam, China, and Singapore had the highest
female-to-male ratios at 1.77, 1.72, 1.72, and 1.72, respectively.
Globally, the female-to-male ratios in age-standardized incidence
rates and YLDs were 1.22 and 1.46, respectively (see Supple-
mentary Tables 2–4, available at http://onlinelibrary.wiley.com/
doi/10.1002/acr.25158). The age-standardized incidence and
YLDs among regions and countries showed trends similar to

those of prevalence (see Supplementary Tables 3 and 4, available
at http://onlinelibrary.wiley.com/doi/10.1002/acr.25158).

Risk factors.Globally in 2019, 22.4% (95% UI 12.1 to 34.2)
of YLDs resulting from knee OA were attributable to high BMI, an
increase of 40.5% between 1990 and 2019. Regionally, high-
income North America, Eastern Europe, and Central Europe
showed the highest percentages of age-standardized YLDs due
to high BMI, which were 37.6% (95% UI 21.8 to 53.3), 35.7%

Figure 4. Global number of prevalent and incident cases, years lived with disability (YLDs), and estimates per 100,000 population of osteoarthri-
tis by age and sex, 1990 and 2019. Broken lines represent the upper and lower 95% uncertainty intervals (95% UIs) (data available at http://ghdx.
healthdata.org/gbd-results-tool). Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/
acr.25158/abstract.
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(95% UI 20.8 to 51.2), and 35.7% (95% UI 21.1 to 51.1), respec-
tively. Nationally, Qatar, the United Arab Emirates, and Kuwait
showed the highest percentages of age-standardized YLD attrib-
uted to high BMI, which were 46.0% (95% UI 28.4 to 61.9),
45.2% (95% UI 28.7 to 60.4), and 44.4% (95% UI 28.0 to 59.4),
respectively (Figure 5).

DISCUSSION

This study reports the updated data of prevalent cases, inci-
dent cases, YLDs, and associated age-standardized rates of
knee OA in 204 countries and territories from 1990 to 2019. Glob-
ally, there were >364.6 million prevalent cases of knee OA and
29.5 million incident cases in 2019, resulting in �11.5 million
YLDs. These updated data reveal that knee OA affects a large
number of patients worldwide and has become a serious public
health condition threatening human health and mobility.

The GBD 2017 study reported �303 million cases of hip OA
and knee OA worldwide, with an age-standardized prevalence
estimate of 3,754 per 100,000 (17,18). Long et al reported the
prevalence cases of OA categorized by site from 1990 to 2019,
with results consistent with our findings (3). In the current study,
the worldwide prevalence, incidence, YLDs, sex differences, and
risk factors of knee OA have been comprehensively analyzed
(19,20). A recent systematic review estimated that the global knee

OA prevalence exceeds 22% in the population >40 years of age,
with an overall incidence of 203 per 100,000 person-years
>20 years of age (6). The GBD study defined symptomatic knee
pain and imaging-diagnosed or self-reported OA in the collection
of knee OA cases. Although previous studies were not fully com-
parable to the 2019 GBD study in terms of methodology and the
number of countries collected, these studies, together with the
present study, confirm the increasing trends of knee OA in both
prevalence rate and absolute number (9).

Regionally, high-income Asia Pacific, East Asia, and Austral-

asia have the highest age-standardized prevalence rates of knee

OA. In 2019, China, the US, and India had the largest numbers

of knee OA patients, with >108.1 million, 46.9 million, and 24.7

million, respectively. These countries also have the highest total

medical costs resulting from knee OA. In 2019, >370,000 patients

underwent knee replacement surgery in China, increasing by

�20% annually (21). In the US, >700,000 total knee replacements

are performed each year, >95% of which are due to knee OA,

with direct medical costs exceeding $15,000 per patient

(2,22,23). Although the severity of knee OA may progress with

patient age, strategies for OA management among younger

patients, such as the use of pain relievers, neuromuscular training,

and maintenance of healthy BMI and physical activity, as a means

of managing symptoms and potentially delaying disease progres-

sion and primary knee replacement merit consideration by health

Figure 5. Global map of age-standardized years lived with disability (YLDs) rates for knee osteoarthritis attributable to high body mass index
(BMI) for both sexes in 2019 (data available at http://ghdx.healthdata.org/gbd-results-tool). Color figure can be viewed in the online issue, which
is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25158/abstract.
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care providers (5,24,25). In addition to direct medical costs, the

consequences of absenteeism and activity limitations caused by

severe knee OA are substantial but often neglected (22). While

some may assume that no death is directly attributable to knee

OA, previous studies have found that all-cause mortality in knee

OA patients is �20–50% higher than in those without knee OA,
which may be partly attributable to reduced physical activity and
comorbid conditions (26,27).

Knee OA is one of the fastest growing noncommunicable
diseases, after type 2 diabetes mellitus and opioid use disorders
in the causes of YLDs, with a 7.8% increase annually between
1990 and 2019 (8,28). The high-income Asia Pacific, East Asia,
and Australasia regions had the highest YLDs due to knee
OA. Andean Latin America, Southeast Asia, and southern Latin
America showed the highest increase rates of YLD between
1990 and 2019. Although high-income North America and high-
income Asia Pacific exhibit higher YLD rates, the percentage
change of the YLDs was the lowest among all regions and has
been trending downward in recent years after a rapid increase.
These changes in YLDs in recent years may be attributable to
the implementation of public health strategies aimed at prevention
and management of knee OA in these regions and the increasing
public demand for exercise control and pain management of
OA (29–32).

The present study found that the age-standardized preva-
lence rate was nearly 1.5 times higher in female than in male
patients, with the ratio in Asia higher still, at �1.7. The sex dis-
crepancy for the knee OA burden was consistent with that
reported by other population-based studies (6,33). In addition,
female patients have been reported to have more severe symp-
toms and lower preoperative functional scores after admission,
indicating that female patients may be at a later stage of the dis-
ease than male patients when receiving interventions (34,35).
Encouraging earlier introduction of knee OA strategies in women
patients may delay disease progression and achieve more pro-
nounced benefits (24,36).

The results of this study also show that the disease burden of
knee OA generally increases along with sociodemographic level.
From 1990 to 2019, the high–middle SDI region had the highest
increase in age-standardized YLD rates at 12.5%. The disease
burden in high and high–middle SDI regions is higher than in the
other quintiles, which may be associated with the increasing life
expectancy in these regions.

The age pattern in this study was consistent with that in pre-
vious findings (28). The peak of incident cases of knee OA in 2019
appears in the age range between 45 and 59 years, earlier than
the prevalence peak between 55 and 69 years. As age increases,
the prevalence and incidence rate per 100,000 population gradu-
ally increases, peaking at 80–84 years. This study provided more
age categories of the knee OA population, and the results may
indicate the potential cost-effectiveness of early screening

programs and health education for specific age groups in high-
burden regions (25,37).

Identifying and reducing risk factors are effective strategies
for prevention. Obesity is considered to be the primary risk factor
for knee OA (38,39). In 2019 globally, high BMI accounted for
�22% of the YLDs attributable to knee OA. High BMI showed
the most significant impact on YLDs in high-income North Amer-
ica, Eastern Europe, and Central Europe, exceeding 30% in these
regions, indicating the importance of obesity control programs.
Compared with those regions, the contribution of high BMI to
the YLD burden in high-income Asia Pacific and East Asia was rel-
atively low. Other factors, such as characteristic life habits or
occupational risks, may need to be assessed to identify additional
risk factors (40).

This study had several limitations. First, the disease burden
estimates provided by the GBD study were derived from the
DISMOD-MR 2.1 model. The original input data for calculating
prevalence and incidence rates for the 204 countries and territories
were based on data collected from a few countries, not all coun-
tries, as described in the Methods section. In addition, the data
from these countries do not cover all periods and regions (41).
Therefore, researchers should be aware of the incompleteness of
included data when applying the findings. Second, YLDs were
based on the estimated distribution of severity and disability
weights for the knee OA patient population. The GBD 2019 study
set a 5% remission rate for severe knee OA patients undergoing
joint replacements. Therefore, calculation of YLDs caused by knee
OA may have been affected by differing research methodologies.
Third, in the GBD study, high BMI was identified as a significant
contributor to YLDs in knee OA. Potential risk factors for knee OA
may include physical work, traumatic knee injuries, movement pat-
terns, and nutrition (38,42,43). However, no quantitative tool is cur-
rently available to assess these factors in the GBD study. The
impact of these factors should be considered when collecting
basic information and developing prevention strategies.

In conclusion, knee OA is a highly prevalent condition world-
wide. The prevalence, incidence, YLDs, and age-standardized
rates of knee OA increased substantially in most countries and
regions from 1990 to 2019. The burden of knee OA appears to
rise with increasing SDI and is higher in female than in male
patients. High BMI is a significant risk factor for knee
OA. Continuous monitoring of the burden of knee OA is of great
significance for establishing appropriate public prevention policies
and raising public awareness, especially in high- and high–middle
SDI regions.
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Risk of Malnutrition in Patients With Systemic
Sclerosis-Associated Interstitial Lung Disease
Treated With Nintedanib in the Randomized,
Placebo-Controlled SENSCIS Trial

Elizabeth R. Volkmann,1 Zsuzsanna H. McMahan,2 Vanessa Smith,3 Stéphane Jouneau,4 Corinna Miede,5

Margarida Alves,6 and Ariane L. Herrick,7 on behalf of the SENSCIS Trial Investigators

Objective. To assess adverse events (AEs) in relation to baseline body mass index (BMI) and the risk of malnutrition
in patients with systemic sclerosis–associated interstitial lung disease (SSc–ILD) treated with nintedanib.

Methods. Among patients with SSc–ILD randomized to receive nintedanib or placebo in the SENSCIS trial, we
assessed AEs in subgroups by baseline BMI ≤20 kg/m2 and BMI >20 kg/m2, and the risk of malnutrition using a mod-
ified version of the Malnutrition Universal Screening Tool (MUST), over 52 weeks.

Results. The AE profile of nintedanib was similar between subgroups with a baseline BMI ≤20 kg/m2 (n = 61) and a
baseline BMI >20 kg/m2 (n = 515). In these subgroups, respectively, AEs led to treatment discontinuation in 16.7% and
15.9% of the nintedanib group and 13.5% and 8.0% of the placebo group, respectively. Based on the modified MUST,
the proportions of patients who had a low risk of malnutrition at baseline and at their last assessment were 74.0% in the
nintedanib group and 78.1% in the placebo group, while the proportions who were classified as at low risk at baseline
but at high risk by their last assessment were 4.5% in the nintedanib group and 1.0% in the placebo group.

Conclusion. In the SENSCIS trial, most patients with SSc–ILD remained at low risk of malnutrition over 52 weeks,
but the proportion at high risk was higher in patients who received treatment with nintedanib compared to those who
received placebo. Management of disease manifestations and AEs that may be associated with weight loss is impor-
tant to reduce the risk of malnutrition in patients with SSc–ILD.

INTRODUCTION

Systemic sclerosis (SSc) is a complex and heterogeneous
autoimmune disease characterized by immune dysregulation
and progressive fibrosis of the skin and internal organs (1). Gas-
trointestinal involvement is common in patients with SSc and
can lead to a myriad of symptoms, including reflux, nausea, bloat-
ing, diarrhea, and/or constipation (2–5). Among 402 patients with
SSc at a UK hospital, 94% reported upper gastrointestinal symp-
toms and 79% reported lower gastrointestinal symptoms (2).
Gastrointestinal complications and increased disease severity
are associated with an increased risk of weight loss and malnutri-
tion (6–9). Malnutrition has also been associated with increased
mortality in patients with SSc (10–12), but it is unclear to what

extent this reflects a direct impact of malnutrition on the risk of
death compared to the higher prevalence of malnutrition in
patients with greater disease severity.

In addition to the underlying SSc, some of the drugs used to
treat SSc or SSc-associated interstitial lung disease (SSc–ILD) are
associated with gastrointestinal adverse events (AEs) (13–16).
The AE profile of nintedanib, which is licensed for the treatment
of SSc–ILD, as well as for idiopathic pulmonary fibrosis (IPF) and
progressive fibrosing ILDs of any etiology, is characterized mainly
by gastrointestinal AEs, particularly diarrhea (17–19). In the ran-
domized, placebo-controlled SENSCIS trial of nintedanib in
patients with SSc–ILD, a greater proportion of patients who
received treatment with nintedanib reported diarrhea over
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52 weeks compared to those who received placebo (76% versus

32%) (15). Most cases of diarrhea were of mild or moderate inten-

sity and did not lead to permanent discontinuation of nintedanib

(18). It remains unclear whether treatment with nintedanib is asso-

ciated with an increased risk of malnutrition in patients with SSc–

ILD. Thus, we performed a post hoc analysis of data from the

SENSCIS trial to evaluate the risk of malnutrition over 52 weeks

of treatment using a screening tool and to assess AEs in sub-

groups according to body mass index (BMI) at baseline.

PATIENTS AND METHODS

The design of the SENSCIS trial has been described, and the
protocol is publicly available (15). Briefly, eligible patients had SSc
with a first non–Raynaud’s symptom in the prior ≤7 years, extent
of fibrotic ILD (assessed in the whole lung) of ≥10% on high-
resolution computed tomography, forced vital capacity ≥40%
predicted, and diffusing capacity of the lung for carbon monoxide
30–89% predicted. Patients receiving prednisone ≤10 mg/day or
equivalent and/or receiving stable therapy with mycophenolate
or methotrexate for ≥6 months were allowed to participate.
Patients were randomized in a 1:1 ratio (stratified by the presence
of anti–topoisomerase I antibody) to receive nintedanib 150 mg
twice daily or placebo until the last patient had reached week
52, but for ≤100 weeks. Treatment interruptions (≤4 weeks for
AEs considered related to trial medication or ≤8 weeks for other
AEs) and dose reductions to 100 mg twice daily were allowed to
manage AEs. After resolution of the AE, treatment could be rein-
troduced, or the dose could be increased back to 150 mg twice
daily. For diarrhea with an increase of <4 stools per day, antidiar-
rheal medicines were recommended; for diarrhea with an
increase of 4–6 stools per day that persisted despite symptomatic
care, or with an increase of ≥7 stools per day, incontinence, or life-

threatening consequences, treatment interruption and/or dose
adjustment was recommended (in addition to symptomatic
care) (18).

AEs were reported by the investigators irrespective of cau-
sality and coded according to the Medical Dictionary for Regula-
tory Activities version 21.1. Weight was measured at baseline
and at weeks 2, 4, 6, 12, 24, 36, and 52. A modified version of
the Malnutrition Universal Screening Tool (MUST), a tool devel-
oped to identify adults at risk of malnutrition (20), was used to
assess the risk of malnutrition at baseline and weeks 12, 24,
36, and 52. The MUST, which takes account of BMI, unplanned
weight loss, and acute disease likely to affect nutritional intake,
has been used to assess the risk of malnutrition in several studies
in patients with SSc (6,9,11,21) and has been recommended for
this purpose by expert groups (22,23). In the modified MUST,
we calculated scores using BMI, weight loss, and a surrogate for
acute disease effect (any serious AE that led to hospitalization
between weight assessments and for which the patient received
medication from the World Health Organization classification
code “solutions for parenteral nutrition” for ≥5 days) (Figure 1).
At baseline, the modified MUST score was based solely on BMI,
as no data were available to assess weight loss and acute disease
effect. The MUST score ranged from 0 to 6. As in the original
MUST, we regarded scores of 0, 1, and ≥2 as indicating a low,
medium, and high risk of malnutrition, respectively.

To investigate whether AEs were reported more frequently in
patients with a low BMI at baseline, we assessed AEs reported
over 52 weeks in subgroups by baseline BMI ≤20 kg/m2 and
BMI >20 kg/m2. We assessed mean MUST scores; the propor-
tions of patients at low, medium, and high risk of malnutrition
based on MUST scores at baseline and at weeks 12, 24, 36,
and 52; and the risk of malnutrition based on MUST scores at
baseline and at last assessment. All analyses were descriptive
and performed in patients who received ≥1 dose of trial drug.

The SENSCIS trial was carried out in compliance with the
principles of the Declaration of Helsinki and the harmonized tripar-
tite guideline for good clinical practice of the International Confer-
ence on Harmonization. The trial was performed at 194 sites in
32 countries and was approved by an independent ethics com-
mittee or institutional review board at every site. The sites are
listed in the supplementary appendix to the primary manuscript
on the trial results (15). All patients provided written informed con-
sent before trial entry.

Data availability. To ensure independent interpretation of
clinical study results and enable authors to fulfil their role and obli-
gations under the International Committee of Medical Journal Edi-
tors criteria, Boehringer Ingelheim grants all external authors
access to relevant clinical study data. In adherence with the Boeh-
ringer Ingelheim Policy on Transparency and Publication of Clinical
Study Data, scientific and medical researchers can request access
to clinical study data after publication of the primary manuscript in a

SIGNIFICANCE & INNOVATIONS
• Nintedanib is a licensed treatment for systemic

sclerosis–associated interstitial lung disease (SSc–
ILD) that may be associated with gastrointestinal
adverse events (AEs).

• In patients with SSc–ILD, the AE profile of nintedanib
was similar between subgroups by bodymass index
(BMI) ≤20 kg/m2 and BMI >20 kg/m2 at baseline.

• Based on a modified version of the Malnutrition
Universal Screening Tool, the proportion of patients
classified as having a high risk of malnutrition over
52 weeks was small but was greater in patients
who received treatment with nintedanib compared
to those who received placebo.

• These findings highlight the importance of manag-
ing disease manifestations and gastrointestinal AEs
that may be associated with weight loss in patients
with SSc–ILD.
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peer-reviewed journal, regulatory activities are complete, and other
criteria are met. Researchers should access https://vivli.org/ to
request access to study data and visit https://www.
mystudywindow.com/msw/datasharing for further information.

RESULTS

Characteristics of subgroups by BMI at baseline.
Among 576 patients, 61 patients (10.6%) had a BMI ≤20 kg/m2

at baseline. Compared with patients with a BMI >20 kg/m2 at
baseline, those with a BMI ≤20 kg/m2 had a lower mean age
(48.6 versus 54.6 years) and a higher (worse) mean modified
Rodnan skin score (16.1 versus 10.5). A greater proportion of
patients with a baseline BMI ≤20 kg/m2 compared to a BMI >20
kg/m2 were female (83.6% versus 74.2%) and had diffuse cuta-
neous SSc (dcSSc) (62.3% versus 50.7%), while a lower propor-
tion were receiving mycophenolate (39.3% versus 49.5%)
(see Supplementary Table 1, available at http://onlinelibrary.
wiley.com/doi/10.1002/acr.25176/abstract). The proportions
of patients positive for anti–topoisomerase I, anticentromere,
antinuclear, or anti–RNA polymerase III antibodies were similar
between the subgroups (see Supplementary Table 1). The pro-
portions of patients with esophageal or stomach involvement,
constipation, diarrhea, or hypertension at screening were lower
or similar in those with a BMI ≤20 kg/m2 compared to those with
a BMI >20 kg/m2 (see Supplementary Table 2, available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.25176/abstract).

Greater proportions of patients with a BMI ≤20 kg/m2 compared
to a BMI >20 kg/m2 had pulmonary hypertension, joint contrac-
tures, digital ulcers, friction rubs, and atrophy (Supplementary
Table 2).

AEs in subgroups by BMI at baseline. The AE profile of
nintedanib was similar between subgroups according to BMI
≤20 kg/m2 and BMI >20 kg/m2 at baseline (Table 1). Diarrhea
was the most common AE, reported in 79.2% of patients with a
BMI ≤20 kg/m2 and 75.4% of patients with a BMI >20 kg/m2 at
baseline. The frequencies of nausea and vomiting were also simi-
lar between the subgroups according to BMI. Weight loss AEs
were less frequent in patients with a BMI ≤20 kg/m2 compared
to those with a BMI >20 kg/m2 (4.2% versus 12.5%), but abdom-
inal pain was more frequent in patients with a BMI ≤20 kg/m2

compared to those with a BMI >20 kg/m2 (20.8% versus
10.6%). Serious AEs were more frequent in patients with a BMI
≤20 kg/m2 compared to those with a BMI >20 kg/m2 (33.3% ver-
sus 23.1%). The frequencies of AEs leading to dose reduction,
and of AEs leading to discontinuation of nintedanib, were similar
in patients with a BMI ≤20 kg/m2 and those with a BMI >20
kg/m2 at baseline.

Modified MUST scores. In the nintedanib group, the
mean ± SD MUST score increased (worsened) slightly from
0.3 ± 0.6 at weeks 12 and 24 to 0.4 ± 0.7 at weeks 36 and 52.

Figure 1. The modified Malnutrition Universal Screening Tool (MUST). BMI = body mass index; WHO = World Health Organization.
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In the placebo group, the mean ± SD MUST score was
0.2 ± 0.5 at weeks 12, 24, and 36 and 0.2 ± 0.6 at week 52.

At baseline, the proportions of patients at low, medium,
and high risk of malnutrition based on MUST score were
91.7%, 5.9%, and 2.4% in the nintedanib group, and 87.2%,
8.0%, and 4.9%, respectively, in the placebo group
(Figure 2). Between week 12 and week 52, the proportions of

patients classified as at low risk of malnutrition based on
MUST score ranged from 72.9% to 81.8% in the nintedanib
group and from 80.8% to 88.3% in the placebo group. Over
the same period, the proportions of patients classified as at
high risk of malnutrition ranged from 5.6% to 9.6% in the ninte-
danib group and from 4.3% to 5.4% in the placebo group
(Figure 2).

Table 1. Adverse events (AEs) in subgroups by body mass index (BMI) at baseline in the SENSCIS trial*

BMI ≤20 kg/m2 BMI >20 kg/m2

Nintedanib Placebo Nintedanib Placebo
(n = 24) (n = 37) (n = 264) (n = 251)

Any AE(s) 24 (100) 34 (91.9) 259 (98.1) 242 (96.4)
Most frequent AEs†
Diarrhea 19 (79.2) 8 (21.6) 199 (75.4) 83 (33.1)
Nausea 6 (25.0) 1 (2.7) 85 (32.2) 38 (15.1)
Vomiting 5 (20.8) 2 (5.4) 66 (25.0) 28 (11.2)
Skin ulcer 10 (41.7) 13 (35.1) 43 (16.3) 37 (14.7)
Cough 1 (4.2) 5 (13.5) 33 (12.5) 47 (18.7)
Nasopharyngitis 3 (12.5) 3 (8.1) 33 (12.5) 46 (18.3)
Upper respiratory tract infection 3 (12.5) 6 (16.2) 30 (11.4) 29 (11.6)
Abdominal pain 5 (20.8) 2 (5.4) 28 (10.6) 19 (7.6)
Fatigue 1 (4.2) 0 (0.0) 30 (11.4) 20 (8.0)
Weight decrease 1 (4.2) 0 (0.0) 33 (12.5) 12 (4.8)

AE(s) leading to treatment discontinuation 4 (16.7) 5 (13.5) 42 (15.9) 20 (8.0)
AE(s) leading to dose reduction 9 (37.5) 2 (5.4) 89 (33.7) 8 (3.2)
Serious AE(s)‡ 8 (33.3) 8 (21.6) 61 (23.1) 54 (21.5)
Fatal AE(s) 2 (8.3) 2 (5.4) 3 (1.1) 2 (0.8)

* Values are number (%) of patients with ≥1 such AE reported over 52 weeks (or until 28 days after last trial drug
intake in patients who discontinued the trial drug before week 52).
† AEs were coded according to preferred terms in theMedical Dictionary for Regulatory Activities, and AEs reported
in >10% of patients in either treatment group in the overall population are shown.
‡ Serious AE indicates an event that resulted in death, was life threatening, resulted in hospitalization or prolonged
hospitalization, resulted in persistent or clinically significant disability or incapacity, was a congenital anomaly or
birth defect, or was deemed serious for any other reason.

Figure 2. Risk of malnutrition based on a modified Malnutrition Universal Screening Tool (MUST) at baseline and at weeks 12, 24, 36, and 52 in
the SENSCIS trial.
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MUST scores suggested that the proportion of patients who
remained at low risk of malnutrition between baseline and their
last measurement was numerically lower in the nintedanib group
compared to the proportion in the placebo group (74.0% versus
78.1%) (Table 2). The proportion of patients who were at low risk
of malnutrition at baseline and were at high risk of malnutrition by
their last measurement was higher in the nintedanib group com-
pared to the placebo group (4.5% versus 1.0%) (Table 2).

DISCUSSION

In these post hoc analyses of data from the SENSCIS trial,
the AE profile of nintedanib, including the frequency of AEs lead-
ing to treatment discontinuation, were similar between patients
with a low BMI (≤20 kg/m2) and those with a higher BMI at base-
line. Nintedanib was associated with an increased risk of gastroin-
testinal AEs and weight loss compared to placebo, but patients
with a low BMI at baseline did not appear to be at a greater risk
of experiencing these events. Based on a modified version of the
MUST, most patients had a low risk of malnutrition at baseline.
However, the proportion of patients who had a low risk of malnu-
trition at baseline and remained at low risk at their last assessment
over 52 weeks was lower in patients who received treatment with
nintedanib compared to those who received placebo (74.0% ver-
sus 78.1%). The proportion of patients who were classified as at
high risk of malnutrition at week 52 was greater in patients who
received nintedanib compared to those who received placebo
(9.6% versus 5.4%).

There is some evidence to suggest that the risks of various
types of gastrointestinal involvement, and their severity, vary
between patients with SSc with different characteristics related
to sex (24,25), autoantibody profile (25–29), duration of SSc
(25,27), SSc subtype (dcSSc versus limited cutaneous SSc)
(25,29), manifestations of SSc such as myopathy (24,25), and
medication use (29,30). A number of factors have been associ-
ated with malnutrition in patients with SSc, such as a greater
number of gastrointestinal symptoms (6), the presence of oral

aperture or microstomia (6,31), and greater disease severity
(6,7,9). Nintedanib is an intracellular inhibitor of tyrosine kinases
that inhibits processes such as fibroblast proliferation, migration
and activation, and the deposition of extracellular matrix (32,33).
The exact mechanism or mechanisms by which nintedanib
causes gastrointestinal side effects is unknown, but it may be that
inhibition of the vascular endothelial growth factor receptor
causes morphometric changes in the bowel mucosa, altering
motility (34). At present, it is not possible to predict gastrointesti-
nal side effects, or their severity, in an individual patient who
receives treatment with nintedanib.

Our findings illustrate the importance of monitoring for gas-
trointestinal problems, weight loss, and malnutrition in patients
with SSc–ILD who receive treatment with nintedanib and ensuring
that patients receive nutritional counselling when needed. Indeed,
monitoring weight and nutritional status should be part of the care
of all patients with SSc (22,23,35,36). An expert panel recom-
mended that all patients with SSc be screened for malnutrition
using a tool such as the MUST, combined with laboratory tests
and detailed questioning of the patient regarding gastrointestinal
problems, and that patients with SSc should weigh themselves
monthly (22). Patients with SSc–ILD who receive treatment with
nintedanib should be informed about the risk of gastrointestinal
side effects and how these should be managed through dose
adjustment, treatment interruption, and/or the use of therapies
to relieve symptoms. Involvement of a gastroenterology team
may be helpful, particularly when it is unclear whether gastrointes-
tinal symptoms are due to the underlying SSc, comorbidities, or
medication use (37).

Previous analyses of data from the SENSCIS trial suggested
that gastrointestinal AEs associated with nintedanib were not
more frequent in patients with a predisposition to gastrointestinal
problems based onmedical history and/or the presence of certain
gastrointestinal problems at baseline (18). Further, although
mycophenolate may be associated with gastrointestinal side
effects, the proportion of patients with gastrointestinal AEs, and
the proportion who prematurely discontinued nintedanib, were

Table 2. Risk of malnutrition based on a modified Malnutrition Universal Screening Tool (MUST) at baseline and at
the last assessment of risk over 52 weeks in the SENSCIS trial*

Last assessment of risk

Baseline risk Low Medium High Missing Total

Nintedanib
Low 213 (74.0 31 (10.8) 13 (4.5) 7 (2.4) 264 (91.7)
Medium 1 (0.3) 8 (2.8) 8 (2.8) 0 (0.0) 17 (5.9)
High 0 (0.0) 0 (0.0) 7 (2.4) 0 (0.0) 7 (2.4)
Total 214 (74.3) 39 (13.5) 28 (9.7) 7 (2.4) 288 (100)

Placebo
Low 225 (78.1) 20 (6.9) 3 (1.0) 3 (1.0) 251 (87.2)
Medium 7 (2.4) 14 (4.9) 2 (0.7) 0 (0.0) 23 (8.0)
High 0 (0.0) 4 (1.4) 10 (3.5) 0 (0.0) 14 (4.9)
Total 232 (80.6) 38 (13.2) 15 (5.2) 3 (1.0) 288 (100)

* Values are number (%) of patients.
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similar between patients receiving mycophenolate and those not
receiving mycophenolate at baseline (16). Analyses of pooled
data from clinical trials of nintedanib in patients with a variety of
ILDs have indicated that its AE profile is generally similar between
male and female patients, but that nausea, vomiting, and hepatic
AEs, and the use of dose reductions and treatment interruptions
to manage AEs are more frequent in female patients (38).

Weight loss associated with nintedanib therapy does not
appear to be a greater problem in patients with SSc–ILD com-
pared to patients with other ILDs. The proportion of nintedanib-
treated patients who experienced weight loss AEs over 52 weeks
of the SENSCIS trial (11.8%) (15) was similar to the proportion
observed in the INPULSIS trials in patients with IPF (9.7%) (17)
and the INBUILD trial in patients with progressive fibrosing ILDs
other than IPF (12.3%) (39). Data from the open-label extension
of the SENSCIS trial, SENSCIS-ON, suggest that the safety and
tolerability profile of nintedanib, including the risk of weight loss,
is similar over longer-term use (40,41).

Strengths of our analyses include the large cohort of patients
included and the standardization of data collection in the setting
of a clinical trial. Limitations of our analyses include that they were
post hoc and that the follow-up period was only 52 weeks, so the
long-term consequences of weight loss or malnutrition could not
be assessed. Information on weight loss and nutritional status
prior to inclusion in the trial were not available. The number of
patients with a BMI ≤20 kg/m2 at baseline was quite small
(n = 61). The MUST was not developed to evaluate the risk of mal-
nutrition in patients with SSc. Tools developed specifically for
patients with SSc, such as the PREdictor of MAlnutrition in Sys-
temic Sclerosis score (42), may be valuable for future research.

In conclusion, in the SENSCIS trial in patients with SSc–ILD,
the AE profile of nintedanib was similar between subgroups by
BMI ≤20 kg/m2 and BMI >20 kg/m2 at baseline. Scores based
on a modified MUST indicated that most patients remained at
low risk of malnutrition over 52 weeks of treatment, but the pro-
portion of patients who were classified as at high risk of malnutri-
tion was higher among patients receiving treatment with
nintedanib compared to those receiving placebo. Management
of disease manifestations and gastrointestinal AEs that may be
associated with weight loss is important to reduce the risk of mal-
nutrition in patients with SSc–ILD treated with nintedanib.
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Understanding Stakeholders’ Perspectives to Increase
COVID-19 Vaccine and Booster Uptake Among Black
Individuals With Rheumatic Conditions

Nnenna Ezeh,1 Greta Sirek,1 Sciaska N. Ulysse,1 Jessica N. Williams,2 Mia T. Chandler,3 Bisola O. Ojikutu,4

Michael York,5 Monica Crespo-Bosque,5 Muriel Jean-Jacques,6 Tonya Roberson,7 Karen Mancera-Cuevas,8

Holly Milaeger,9 Elena Losina,10 Amar Dhand,1 Mary Beth Son,3 Rosalind Ramsey-Goldman,9

and Candace H. Feldman10

Objective. Disparities in COVID-19 vaccine and booster uptake persist. This study aimed to obtain perspectives
from community and physician stakeholders on COVID-19 vaccine and booster hesitancy and strategies to promote
vaccine uptake among Black individuals with rheumatic and musculoskeletal conditions.

Methods. We invited community leaders and physicians in greater Boston and Chicago to participate in
semi-structured interviews using a moderator guide developed a priori. Participants were queried about how to best
address vaccine hesitancy, strategies to target high-risk populations, and factors to identify future community leaders.
Interviews were audio recorded, transcribed verbatim, and analyzed thematically using Dedoose.

Results. A total of 8 physicians and 12 community leaders participated in this study between November 2021 and
October 2022. Qualitative analyses revealed misinformation/mixed messaging and mistrust, with subthemes including
conspiracy theories, concerns regarding vaccine development and function, racism and historical injustices, and
general mistrust of health care systems as the top cited reasons for COVID-19 vaccine hesitancy. Participants also
shared demographic-specific differences, such as race, ethnicity, age, and gender that influenced the identified
themes, with emphasis on COVID-19 vaccine access and apathy. Strategies for community-based vaccine-related
information dissemination included personal storytelling with an iterative and empathetic approach, while recognizing
the importance of protecting community leader well-being.

Conclusion. To increase vaccine uptake among Black individuals with rheumatic conditions, strategies should
acknowledge and respond to racial/ethnic and socioeconomic injustices that engender vaccine hesitancy. Messaging
should be compassionate, individually tailored, and recognize heterogeneity in experiences and opinions. Results from
these analyses will inform a planned community-based intervention in Boston and Chicago.

INTRODUCTION

While nationwide efforts have helped reduce COVID-19
vaccine hesitancy and promote uptake among individuals from
historically marginalized populations (1), inequities in vaccine

series completion and booster uptake persist (2). As of

May 10, 2023, the percentage of Black individuals (45.0%) who

have completed the primary COVID-19 vaccine series remains

below that of White individuals (51.9%) and Hispanic/Latinx
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individuals (57.3%) (3). Further, fewer Black individuals (9.5%) and

Hispanic/Latinx individuals (9.1%) have received the bivalent Omi-

cron booster compared to White individuals (16.7%) (3). Vaccine

hesitancy among Black and Hispanic individuals may stem from

inequitable care and structural racism in the US (4–6). Structural

racism refers to the ways in which societies foster racial

discrimination through mutually reinforcing macro-level systems

(e.g., housing, education, health care, criminal justice) (7). Addi-

tionally, the ever-changing COVID-19 vaccination public health

campaign has led to confusion, perpetuating vaccine hesi-

tancy (8–10).
Among individuals with rheumatic conditions, studies have

demonstrated a disproportionate burden of COVID-19 disease,
adverse outcomes, and vaccine hesitancy among historically
marginalized individuals. In a global study, 51% (n = 131 of 256)
of Black patients (odds ratio [OR] 3.18 [95% confidence interval
(95% CI) 2.31–4.36]) and 37% (n = 103 of 279) of Latinx patients
(OR 2.00 [95% CI 1.46–2.75]) with rheumatic conditions were
hospitalized with COVID-19–related complications compared to
29% of White (n = 187 of 639) patients (11). Odds were modestly
attenuated yet remained statistically significant after adjusting for
comorbidities, medication use, and disease activity (11). Immuno-
compromised individuals often have a less robust vaccine
response, increasing the importance of vaccinating their social
networks for a “cocooning effect” to reduce transmission from
close contacts (12). Despite high rates of serious infections
among individuals with systemic lupus erythematosus (SLE) and
rheumatoid arthritis, vaccination rates are low overall, with dispar-
ities by race, ethnicity, and insurance status (13–15).

As of May 10, 2023, only 17.0% of the US population had
received an updated bivalent booster dose (3). Exploring strate-
gies to increase vaccination and booster rates are urgently

needed among historically marginalized populations with rheu-
matic conditions. Partnering with community-based leaders to
disseminate accurate, culturally tailored information is essential.
Popular Opinion Leaders (POLs), or trusted community mem-
bers, can be trained to disseminate information about risk-
reducing health behaviors through their social networks (16–18).
The POL model can increase community knowledge, reduce
stigma, and prompt behavioral changes and has been applied to
improve access to care and clinical trial enrollment among individ-
uals with SLE (16–18).

We aimed to interview community and physician stake-
holders in 2 US cities regarding community and patient perspec-
tives on COVID-19 vaccines and boosters, barriers, and
strategies to promote vaccine uptake. This qualitative data will
inform a future intervention that leverages the POL model to
improve COVID-19 vaccine and booster uptake among Black
individuals with rheumatic conditions.

PATIENTS AND METHODS

Participants and data collection

We recruited physicians and community organization
leaders and/or active members we had established partnerships
with, several of whom were previously trained POLs, ages
≥18 years, to participate in virtual, key informant, semi-
structured individual interviews. We developed moderator
guides a priori with separate versions for physicians and com-
munity leaders (see Supplementary Material 1 and 2, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.25172/abstract). Study staff (SNU,
CHF), who identify as Black and White, respectively, together
led physician and community leader semi-structured interviews.
Following verbal consent, interviews (�40 minutes) were con-
ducted virtually via Zoom from November 2021 to October
2022, and were audio recorded, deidentified, and transcribed
verbatim. We concluded recruitment once thematic saturation
was reached. This study was approved by the Mass General
Brigham Institutional Review Board.

Qualitative analyses

Transcripts were analyzed using the constant comparative
method, a data coding process used for categorizing and com-
paring qualitative data (19). Study team members (NE, GS, SNU,
CHF) individually reviewed transcripts and independently identi-
fied themes. The team met, reviewed preliminary themes, adjudi-
cated discrepancies, and defined final themes. The team
developed a coding system that reflected themes, subthemes,
and categories for future intervention design. Initial codes, defini-
tions, and examples were collated (GS) and agreed upon by the
team (NE, SNU, CHF). Demographic-specific reasons for vaccine

SIGNIFICANCE & INNOVATIONS
• This study uniquely leverages qualitative interviews

from both community members and physicians
from 2 US cities to understand COVID-19 vaccine
and booster hesitancy and to develop strategies to
promote COVID-19 vaccine uptake, specifically
among Black individuals with rheumatic conditions.

• Misinformation and mistrust stemming from rac-
ism and historical injustices were uncovered as cen-
tral themes that need to be addressed by vaccine/
booster hesitancy programs to facilitate uptake
and reduce racial disparities.

• These interviews with key community and academic
stakeholders will inform a robust, tailored,
community-based intervention to promote vaccine
and booster uptake among individuals with rheu-
matic and musculoskeletal conditions, with a focus
on Black and African American communities in
Chicago and Boston.
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hesitancy, and the ways these factors permeated identified
themes, were emphasized in the coding system.

We used an iterative approach to develop a standard coding
system. Two researchers (NE, GS) individually coded Transcript
1, adjudicated differences in codes, changed the coding system
accordingly, and finalized the coding system after parallel coding
was implemented for Transcript 2. The remaining transcripts were
then coded separately by 2 reviewers (NE, GS). Kappa coeffi-
cients for inter-coder reliability were 0.79 (NE for re-review of GS
transcripts) and 0.72 (GS for re-review of NE transcripts); 75%
(286 of 380) of excerpts were coded the same. Five of the differ-
ences were excluded because of lack of context/incomplete
quotes, 28 had the same theme but different subthemes
(e.g., mistrust with conspiracy theories versus mistrust with polit-
icized skepticism) or used the same theme but 1 added
demographic-specific code (e.g., strategies versus strategies,
demographic specific), and 61 had a difference in theme. A third
coder (SNU) reviewed and adjudicated all discrepancies. Eight
interviewees also reviewed the themes, descriptions, and
selected quotes as presented in this article for their critical input.
We stratified qualitative analyses by participant role (physician or
community leader/POL). While primary analyses focused on
themes, we also quantified the number of quotes by
theme/subtheme stratified by role. Dedoose software was used
for analyses (20).

RESULTS

Twenty individuals (ages ≥18 years) participated in

18 semi-structured interviews. Eight were physicians in adult and

pediatric rheumatology, infectious disease, and primary care.

Twelve were community leaders affiliated with the Center for Com-

munity Health Education Research, Sportsmen’s Tennis & Enrich-

ment Center, Mission Hill Health Movement, AllianceChicago,

Women of Courage, and the Labalaba Foundation. A total of

6 community leaders were previously trained as POLs through

SLE-related projects (16,18). A total of 5 participants were from

greater Chicago, IL, and 15 participants were from greater Boston,

MA. A total of 9 participants identified as Black, 4 identified as

White, 3 identified as “other,” 1 identified as Asian, 1 identified as

Black and other, and 2 did not respond. A total of 15 participants

identified as female, 3 identified as male, and 2 did not respond.

We were unable to transcribe and analyze 1 community leader

interview due to poor sound quality, but detailed notes during the

interview informed the themes. Three community representatives

from the same organization joined 1 interview, which was coded

as 1 community-leader participant, since the individuals spoke col-

lectively, providing complementary answers.
We defined and identified overarching themes and sub-

themes (Table 1). Representative quotes by theme were
extracted from physician (Table 2) and community leader/POL

Table 1. Description of themes and subthemes*

Theme and subthemes† Definition

Mistrust Doubt in and suspicion of people, organizations, and systems
Conspiracy theories Belief that the vaccine and pandemic is a result of a secret plot
Health care systems General suspicion of pharmaceutical companies, physicians, and health care institutions
Politicized skepticism Politically driven vaccine hesitancy
Racism and historical injustices Racism or historical injustices in health care
Vaccine development and function Concerns and misunderstanding regarding vaccine development and function

Access Material, psychological, and systematic barriers that inhibit vaccination
Apathy Notions that fuel vaccine-related indifference
Booster-specific hesitancy Assessment of personal risk to benefit ratio that engenders delayed booster vaccine uptake
Disruptions Disturbances and barriers to essential daily tasks and schedules that impact booster vaccination

status
Messaging Ineffective information dissemination that fuels booster-specific confusion and hesitancy

Categorization by degree of hesitancy Classification of individuals by degree of vaccine hesitancy
Misinformation, and changing and
inconsistent messaging

Vaccine information sources and messaging that fuel confusion, misinformation, and fear

Role of religion and cultural beliefs Influence of religion and cultural beliefs on vaccination status
Safety Profile of well-being and side effect concerns
Motivating factors Reasons to seek out vaccination
Role of social network and sources Who, where, and how an individual receives vaccination information impacts vaccine uptake

Strategies Effective communication, psychological, and material means to disseminate vaccine-related
information to community members

Categories for POL intervention design
POL traits Traits and characteristics that make an effective POL
Physician knowledge of patient social
network

Knowledge and description of patient’s social network

Concerns about being a POL Concern and worries about being a person who disseminates information

* POL = Popular Opinion Leader.
† Demographic factor subtheme was included in coding system for the following themes: Mistrust, Access, Apathy, Safety, Motivating Factors,
and Strategies.
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transcripts (Table 3). Previously trained POLs and community
leaders were combined to maintain anonymity. The number
of participants who mentioned each theme (Figure 1) and total
number of times each theme was mentioned (Supplementary
Figure 1, available at http://onlinelibrary.wiley.com/doi/10.
1002/acr.25172/abstract) were counted and stratified by physi-
cian and community leader/POL. We stratified our figures based
on whether the theme was mentioned by a physician or

community leader/POL; however, we present thematic analyses
by commonality of themes, since physicians often reflected on
discussions with their patients.

Barriers to COVID-19 vaccine uptake

Mistrust. We defined mistrust as doubt in and suspicion of
people, organizations, and systems that engendered vaccine

Table 2. Reasons for COVID-19 vaccine hesitancy—selected quotes from physicians

Reason Transcript

Mistrust “There are many people who have no specific thing that they will cite on questioning. They just don’t
trust it.” (Transcript 11)

Conspiracy theories “I have had a couple people who do talk about it being implanting a microchip and being followed. I
was surprised because they were not people that I would’ve thought would endorse that belief.”
(Transcript 11)

Demographic specific “I work predominantly in [city], [city], and [city], and so obviously, predominant African American
population… the younger demographic within that racial demographic, 18–35-year-olds who are
often last to be targeted with the vaccine and not have a lot of direct, creativemessaging that makes
them compelled in any way to do it, and particularly at-risk young adults, so those who are gang
involved and may not be getting information from school, may not get it from their employer, may
not be getting it from other trusted sources.” (Transcript 12)

Health care systems “Trust in the pharmaceutical industry, I had patients saying right off before the vaccines even came
out, ‘I’m not taking anything from [name]. How can you trust them after the [name], or whatever,
incident?’” (Transcript 11)

Politicized skepticism “I get this sense that they think it’s political and the democrats have pushed it forward and therefore it
is inherently not to be trusted. Like inherently. No matter what I said or did.” (Transcript 1)

Racism and historical injustices “…there are young Black people, educated middle-class folks in my generation right now who are
saying, ‘You know, health care has not done well by us. I’m sure that this vaccine hasn’t been studied
in us. I’m not about to get a vaccine that is not made for us by us.’” (Transcript 6)

Vaccine development and function “Initially I think there was a lot of hesitance from patients in general, particularly around maybe the
newness of it or how quick they thought it had come out andmaybe a general sense of things being
experimental as opposed to established.” (Transcript 4)

Access “I would add ongoing issues with access… You have to put that in the context of people’s lives. The chaos
that people may be living in, the stress, the strain, the other worries, and think about, no, it’s not gonna
happen unless you bring that booster to their door and knock on it, and say, ‘Here it is.’” (Transcript 15)

Demographic specific “Then my seniors, many of them just don’t like the online thing at all and completely are turned off by
that. I have a few patients who are homebound, so that was another thing, and a couple who truly
cannot leave, so identifying resources to go to their home to administer the vaccine, especially
twice, is—and then, again, with the booster is a big difficulty.” (Transcript 11)

Apathy “Those numbers just don’t seem to move people, like ‘3,000 people died today from COVID.
X-number of people have had this.’ It just doesn’t seem to move.” (Transcript 11)

Demographic-specific “I also have a group of older patients particularly where the messaging is more like ‘Why would I even
get it, it’s sort’ve if I get it and I die, I die.’” (Transcript 4).

“We started first with food access work. That’s what people really cared about when the pandemic
started. They’re like, ‘Screw this vaccine. I don’t care. I need food. I need basic services that aren’t
available to me right now.’” (Transcript 12)

Booster-specific hesitancy Disruptions “I think, for people who got sick the first two times and missed work, that was a problem. They don’t
mind the idea of getting boosted. They just want a time where they feel like they can be sick for the
next day or two.” (Transcript 10)

Messaging “The messaging has been poor in terms of boosters… Many people believe that boosters are an
option, and just the term ‘booster’ doesn’t equate to essential—doesn’t equate to severity of illness
and death if I don’t get it. It just means that it’s just an option.” (Transcript 15)

Categorization by degree of hesitancy “It’s what everyone says about vaccine hesitancy. There are some people who are just no’s, and they
are super hard to move and there are people in the middle. And I usually know within the first
couple of minutes of talking to them where they are going to be…” (Transcript 1)

Misinformation, and changing and
inconsistent messaging

“People get really turned off when the message changes too much… the [name] vaccine was great,
and you recommended me to take it. Now, it says that it’s not good. Now, I trust you less.”
(Transcript 10)

Role of religion and cultural beliefs “When you think about what are the norms within somebody’s, not only somebody’s personal norms,
but their family norms, their social network norms, there are norms that are out there that people
just don’t necessarily feel like this is necessary. That their body will handle this.” (Transcript 15)

Safety “Heart side effects, especially, I hear, ‘Heart disease is in our family. Why would we take something
that can cause heart problems?’” (Transcript 11)
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hesitancy. Mistrust and its subcategories (conspiracy theories,
health care systems, demographic-specific mistrust, politicized
skepticism, racism and historical injustices, and vaccine devel-
opment/function) were the most cited barrier with >70 refer-
ences by participants (see Supplementary Figure 1, available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.25172/abstract).
“Conspiracy theories” was the most common subtheme, with-
out explicit mention by the facilitators.

Conspiracy theories. With 12 participants discussing con-
spiracy theories (Figure 1), many felt the various beliefs were
rooted in mistrust. Specific theories included microchip implanta-
tion, foreign government interference, money-making schemes
by the government or pharmaceutical companies, or genocide
concerns. One participant described, “I hear a lot of, ‘They say.’
My favorite thing to say, ‘Who are they? Who are these they that
are always saying, ‘They say,’ they who?’ You always have these

Table 3. Reasons for COVID-19 vaccine hesitancy—selected quotes from community leaders

Reason Transcript

Mistrust
Conspiracy theories “That they wanna kill all the Black people, that they’re tryin’ to put a chip in so they can follow

everyone. Oh, it was a lot of different ones. Some of them I couldn’t even believe.” (Transcript 18)
Politicized skepticism “Then if you’re looking at the society where we live, I think a lot of it has come from the fact that COVID

and vaccines and all these things has really found its way very early on into the political arena. That
skewed a lot of things. We’re not talking about health and science anymore.” (Transcript 7)

Racism and historical injustices “First his comment was, ‘I’m pretty sure there’s something wrong with the vaccine, or’—and he said
the reason being was because he was trying to figure out how it was that they were able to get
access to the vaccines in the jail ‘cause, as you know, we were prioritizing people who are
incarcerated when his people on the outside couldn’t get it. We explained that, well, actually we
prioritize you, and so that’s why you’re able to get access to the vaccine. He paused for a moment,
and then he looked, and he said, ‘Well, I’m just wondering, because they never prioritized me
before. That’s why I’m here because nobody ever prioritized me. Why are they prioritizing me now?
There must be something wrong with this vaccine.’” (Transcript 17)

Vaccine development and function “You would hear community members sayin’, ‘Oh, how can they have a cure for COVID-19 and they
don’t have one for breast cancer.” (Transcript 18)

Access “Well, I mean there are always barriers, depending on where a person lives, but then I see so many
other locations opening up. To me personally, there’s no reason why you can’t get the shot in terms
of availability.” (Transcript 8)

Demographic specific “They were focused on the older Hispanic/Latinx population… a lot of concerns around
documentation and insurance and what would be needed.” (Transcript 16)

Apathy, demographic specific “If you meet teenagers, a Black teenage boy who lives in a low-income area. I’ve met them and they’ve
said, ‘Oh,’ a lot of them already have the colors for their funeral planned. It’s like no expectation of
getting old. Or I’vemetmen who are 27, 28 who suddenly have to figure out how am I livingmy life? I
never thought I would get this old. If you don’t expect to live a long time, then maybe that’s a reason
not to get vaccinated. I don’t know their perception. You know how boys are—teenagers. Their
perception of risk is totally different than most people.” (Transcript 14)

Booster-specific hesitancy “I think people just are—they don’t know exactly why they need it especially since there seems to be
an opening up of everything… Then there’s been a lot of people who had no problem with the first
two shots and had severe reactions with the third one. That also makes ‘em reluctant to get a
fourth one because they don’t know what the impact is. I think a lot of people—I think there’s still a
lot of question about what is [an] RNA vaccine. People are either in why we need to get these
constant booster.”(Transcript 14)

Messaging “I think there’s a carelessness with how words are used in media about talking about vaccines. I think
because after talking with my doctor, I found out there’s a difference between boosters and third
doses, and I’ve heard them use interchangeably in public spaces, in the media and in radio and TV
and that stuff.” (Transcript 9)

Categorization by degree of hesitancy “I know a lot of people had adopted the ‘wait and see’ attitude. Let the first group of people get shot
up and we’ll see if they’re still alive in six months. Then we’ll go ourselves.” (Transcript 14)

Misinformation, and changing and
inconsistent messaging

“I think there’s confusion. I think people don’t know where to go and get them. Someone just said to
me the other day, ‘now people over 65 or older can get the vaccine’ and I’m like ‘no, no no, no, no.
People 65 and older are eligible, have been eligible’… However, when it just came out this week, it
wasn’t clear that it was for the general population. I had three people actually mention that to me
because they were shocked I got the vaccine. I’m like ‘what do you mean? I was cleared.’”
(Transcript 3)

Role of religion and cultural beliefs “I have some family members who are not—close family members who are not vaccinated, do not
plan to get vaccinated, and it’s been a real struggle to figure out how to overcome the objection
‘cause I think some of it is real personal, religious-based. It just feels like it’s really deeply ingrained,
and almost as though nothing you could say could change their mind or spark their curiosity, or
help them see what would, what some of the benefits could be on the other’s side of the
vaccination.” (Transcript 9)
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conspiracy theories of everything from death in a few years.
They’re going to die. They’re trying to clean out people to all these
things...” (Transcript 7, community leader).

Health care systems. Six participants mentioned 13 times
that mistrust in health care systems created hesitancy. Many
mentioned generalized mistrust of the medical system, direct
challenges to science and scientific leaders, and frustration that
the health care system functions primarily in a capitalistic role with
respect to pharmaceutical companies developing the vaccine.
One participant reflected, “Trust in the pharmaceutical industry, I
had patients saying right off before the vaccines even came out,
‘I’m not taking anything from [name]. How can you trust them
after the [name] incident?’” (Transcript 11, physician).

Politicized skepticism. Political tension that engendered vac-
cine hesitancy was cited 7 times by 4 participants, noting that
vaccine communication was impacted by the messengers, spe-
cifically those in political offices. This led to polarizing viewpoints,
and concern for political motivations for vaccination support.
One physician stated, “I get this sense that they think its political
and the Democrats have pushed it forward and therefore it is
inherently not to be trusted” (Transcript 1, physician).

Racism and historical injustices. Seven participants cited the
role of historical injustices committed against marginalized com-
munities and medical racism impacting hesitancy. They noted
that previous racist acts were mentioned by those who were hes-
itant. Others stated that the vaccine felt like a tool for systematic
oppression, while several identified concerns about lack of racial

representation in clinical trials. For some, historical injustice played
a direct role in mistrust; one participant described a person expe-
riencing incarceration, noting, “First his comment was, ‘I’m pretty
sure there’s something wrong with the vaccine’… He was trying
to figure out how it was that they were able to get access to the
vaccines in the jail. ‘Well, I’m just wondering, because they never
prioritized me before. That’s why I’m [in jail] because nobody ever
prioritized me. Why are they prioritizing me now? There must be
something wrong with this vaccine’” (Transcript 17, community
leader).

Vaccine development and function. Ten participants
acknowledged concerns regarding vaccine development
describing rushed processes or concern the messenger RNA
vaccines altered DNA. One noted, “Initially I think there was a lot
of hesitance from patients in general, particularly around maybe
the newness of it or how quick they thought it had come out and
maybe a general sense of things being experimental as opposed
to established” (Transcript 4, physician).

Access. We defined the theme of access as systematic,
psychological, and material barriers that inhibited vaccination.
Nine participants mentioned access concerns 18 times. Barriers
included limited internet access and proficiency, distances to vac-
cination clinics, availability of vaccines, and poor integration of
vaccination efforts into existing health clinics. Some observed that
access efforts were tied to trust; for example, “There are so many
layers to trust and to access. I’ve heard from enumerable patients
where they would not feel comfortable going to, say, a pop-up
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Figure 1. Number of participants who mentioned theme or subtheme, stratified by physician and community leader title. Demographic
characteristic–specific subthemes for access, apathy, mistrust, motivating factors, safety, and strategies were combined with the parent theme.
POL = Popular Opinion Leader.
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vaccine [place] in a parking lot, but maybe they feel comfortable
going to their local [pharmacy]…There’s some that would never
get it at their local [place]…[who] only feel comfortable getting it
at their doctor’s office” (Transcript 11, physician). Other partici-
pants felt otherwise: “I see so many other locations opening
up. To me personally, there’s no reason why you can’t get the
shot in terms of availability” (Transcript 8, community leader).

Apathy. Nine participants mentioned apathy, or vaccine
indifference, as a barrier to uptake, noting that young, healthy
individuals’ altruism to protect the more vulnerable began to
wane over time. One physician noted that vaccination was a
lower priority for socially disadvantaged individuals who had to
focus on basic needs like access to food. Others noted that
some teenagers and elderly individuals expressed apathy
regarding dying. For teenagers, the theme of fatalistic apathy
was expressed: “If you meet teenagers, a Black teenage boy
who lives in a low-income area… They’ve said, ‘Oh,’ a lot of
them already have the colors for their funeral planned. It’s like
no expectation of getting old. Or I’ve met men who are
27, 28 who suddenly have to figure out how am living my life? I
never thought I would get this old. If you don’t expect to live a
long time, then maybe that’s a reason not to get vaccinated…
Their perception of risk is totally different than most people”
(Transcript 14, community leader).

Booster-specific hesitancy. We defined booster-specific
hesitancy as assessment of personal risk/benefit ratio that limited
uptake. Participants mentioned inconsistent messaging, waning
precautions, fatigue, fear of side effects, and the perception of
boosters as nonessential, 17 times. A physician noted, “This
period of time where we’re looking at second boosters and more
boosters—I know that somebody asked me this who’s not med-
ical, ‘Will this drain my immune system? You keep revving it up or
boosting it’” (Transcript 15, physician). People adopted a “wait
and see approach:” “I think people just are—they don’t know
exactly why they need it especially since there seems to be an
opening up of everything… I think if there’s another surge…
people might start thinking about it… They’ll just wait until the flu
season starts and get both of them at once” (Transcript 14, com-
munity leader).

Categorization by degree of hesitancy. Seven participants
acknowledged that some specific concerns of individuals varied
by degree of hesitancy. Many reflected on individuals who would
ultimately become vaccinated but wanted others to go first.
Others refused vaccination outright, stating, “There’s some peo-
ple who know it’s good and maybe take a pause before, weren’t
the first in line to sign up for it, but eventually did” (Transcript
9, community leader). A physician noted the importance of gaug-
ing this sense in clinic to tailor their messaging: “There are some
people who are just no’s and they are super hard to move and
there are people in the middle. And I usually know within the first
couple of minutes of talking to them where they are going to be”
(Transcript 1, physician).

Misinformation and changing and inconsistent messaging.

We defined misinformation and changing and inconsistent mes-
saging as vaccine information sources and messaging that fueled
confusion, misinformation, and fear. Thirteen participants
reflected on the levels of misinformation impacting vaccine per-
ception compounded by changing and inconsistent messaging
as the pandemic progressed. The internet and word of mouth
were avenues of misinformation as opinions were conflated with
facts. Participants identified other factors including language bar-
riers, policy implementation lags, and strong opinions. “People
get really turned off when… the message changes too much…
The [name] vaccine was great, and you recommended me to take
it. Now, it says that it’s not good. Now, I trust you less” (Transcript
10, physician). A community member compared information
passing in communities to the telephone game, stating, “I get it
from news sources… It gets handed down and everybody else
adds. It’s like the telephone game. Everybody else adds a little
2 inches more to the story, makes it 15 times worse than what it
was” (Transcript 8, community leader).

Role of religion and cultural beliefs. A total of 3 community
leaders and 1 physician identified the influence of religion and cul-
tural beliefs on vaccination status. Some mentioned that it can be
a cultural belief to question any vaccine. Many felt the incorpora-
tion of religion or spiritual beliefs made an individual even more
resistant: “I think some of it is real personal, religious-based. It just
feels like it’s really deeply ingrained, and almost as though nothing
you could say could change their mind or spark their curiosity, or
help them see… Some of the benefits could be on the other’s
side of the vaccination” (Transcript 9, community leader). On the
contrary, others noted how religion helped support vaccination,
stating, “I pray about it, really get wisdom and discernment not
only from the people who’re the scientists but also just, ‘God, is
this a prudent thing to do?’… [They were] feeling confident that
God will work through physicians again. Yes, we’ll get vacci-
nated” (Transcript 17, community leader).

Safety. Safety concerns, notably side effects, were
described by 8 individuals (6 physicians and 2 community
leaders). Short- and long-term effects were mentioned, including
risk of rheumatic disease flares, severity of vaccine-related
adverse effects, and concern regarding interaction with treatment
drugs. Others noted that while parents were vaccinated, safety
concerns precluded them from vaccinating their children: “‘Oh,
no. I’m not vaccinating my kids. I heard it can affect your fertility.’
That’s been a really hard one to bust” (Transcript 11, physician).

Motivating factors and strategies for vaccine
uptake

Motivating factors.We defined this theme as reasons to seek
out vaccination. Nine participants described motivating factors
>24 times, citing safety, desire to travel or spend time with loved
ones, decreased social isolation, engagement in something
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controllable, minimizing risk due to immunocompromised status,
and fear of death/adverse outcomes (Table 4). One participant
mentioned in their social circle specific reasons like “To be able
to see their loved ones. That was the number one reason. To have
a peace of mind…Wewant to have some stability of what we had
before and not live in this isolation…” (Transcript 3, community
leader).

Strategies. We defined this theme as effective communica-
tion, psychological, and material means to disseminate
vaccine-related information to community members. Strategies
ranged from personal storytelling, open-ended questioning,
empathetic acknowledgement of concerns, iterative conversa-
tions, and an optimistic approach with a targeted integration of
data (Table 4). Many spoke of managing expectations and hav-
ing a goal. Physicians identified the importance of roles like
POLs, with one mentioning, “How do you convince someone
who’s totally dug in?… If it came from someone outside the

medical field…someone they knew in another sphere and
trusted, they certainly have a way better shot than I did”
(Transcript 1, physician).

Considerations for future intervention design

Participants were asked to identify strategies that would aid
in designing a future vaccine-related intervention using the POL
model (Table 5). Discussion points included ideal POL traits and
the ability of physicians to identify patients to be trained as POLs.
While not explicitly asked, 2 community leaders expressed poten-
tial concerns, which were explored as a theme.

POL traits. Eleven participants identified effective POL traits as
humility, empathy, warmth, honesty, and sensitivity: “They need to
be humble…approachable and honest. If you break down telling
your story, it’s okay. If you say I don’t know the answer, I’ll get back
to you, it’s totally okay” (Transcript 3, community leader). Others

Table 4. Motivating factors and strategies for vaccine uptake—selected quotes from physicians and community leaders

Variable Transcript

Motivating factors “The patients who have told me ‘I’m hesitant to get this vaccine but I’m going to do it anyway because I want to protect my
grandbaby.’ I’ve heard people say things like that and that can be a powerful motivator for people.” (Transcript 2,
physician)

“To be able to see their loved ones. That was the number one reason. To have a peace of mind, at least in my family that
was a whole thing. Some of my friends were like, ‘you can’t see me until I get vaccinated or until you get vaccinated.’ It
became, we want to have—and I don’t want to call it a normal lifestyle—but we want to have some stability of what we
had before and not live in this isolation that we were all placed in.” (Transcript 3, community leader)

Demographic
specific

“I would say patients that are highly engaged with their health are more likely to get the vaccine. For example, if a patient in
our clinic is frequently missing their appointments or they have medication adherence issues, they are the ones I’m
finding to be less likely to be receptive to the vaccine. The patients who are coming to every appointment and
participating in Lupus support groups and research studies, they tend to be the patients who are more likely to be
vaccinated from my experience.” (Transcript 2, physician)

“But I think a lot of—almost everybody, almost every Black person I know knows somebody who died from COVID-19.
People are more willing to get vaccinated because they know people who have died. I think it has a lot to do with what
are people’s expectations of how long they expect to live.” (Transcript 14, community leader)

Strategies “I think if you can incorporate real world examples, I think that will be really powerful for patients. I’ve had patients where
I’ve said ‘Look, I’ve gotten this vaccine, my family members—I’ve encouraged them all to get it. We’ve all done fine’ and
they say ‘Ok, I’ll get it. Promise me I’m not going to die.’ I think people appreciate that, me sharing personal stories with
that. I think people also really appreciate you letting them know that you care deeply about them and their outcomes.
Some people are kind of angry when you bring up the vaccines and I say ‘the only reason I’m talking to you about this is
because I think it’s really important. I care deeply about you and your health and I do not want to see you end up in a bad
situation.’” (Transcript 2, physician)

“They’re still not inclined to be vaccinated. We stay in conversation. That’s really the thing I can say. I think it becomes even
less urgent as time goes by. I tell you the thing that was most important is that people felt respected, whatever their
decision was, and we—that was really, really important to us. We are not going to isolate people and dog them if you
didn’t.” (Transcript 17, community leader)

“How do you convince someone who’s totally dug in, right? But if it came from someone outside the medical field and
someone they knew in another sphere and trusted, they certainly have a way better shot than I did.” (Transcript 1,
physician)

“I think the benefit of getting the vaccine and learning about the vaccine. What are the pros and cons of this vaccine? And
make it so they can understand it, not make it high tech, high scientific studies. Make it real.” (Transcript 3, community
leader)

Demographic
specific

“I typically bring up the fact we are vaccinating patients with their particular condition in our clinics and those patients are
doing fine and they’re not having any problems. For example, if it’s a patient with lupus I’ll say, ‘We’ve had many patients
who have lupus who are seen in our clinic who have gotten the vaccine and they’ve done great and there’s not been any
problem relating to their lupus or any adverse effect from the vaccine.’” (Transcript 2, physician)

“My impression is that when people are vaccine-hesitant or vaccine opposed because they see it as a dominating—
another example of systemic oppression that allowing—respecting their opinion or showing respect and acknowledging
some concerns—not validating things that are clearly not based in fact, but validating concerns like, ‘I understand your
concern about the pharmaceutical industry based on this that and the other. I understand that vaccines have been used
in various studies against Black individuals unethically.’ I think that acknowledging those things is important.” (Transcript
11, physician)
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voiced the importance of being knowledgeable about vaccine
development, clinical trial data, and side effects. Many noted that
community leaders could play an important role engaging target
populations.

Physician knowledge of patient social networks. Identifying
the social networks of potential POLs is integral to creating an out-
reach social network for future vaccine dissemination efforts. When
asked, physicians noted this knowledge was obtained through
direct questioning, especially for pediatric patients, through
patient-volunteered information based on patient–health care
worker rapport, or by proxy of perceived coping mechanisms/sup-
ports. Many acknowledged that this knowledge is not consistently
understood, with one stating, “How often are [physicians] digging
into their social situation or their life outside their health?… Some
physicians do that more so than others” (Transcript 2, physician).

POL concerns. While not specifically asked, 2 community
leaders offered a perspective regarding potential concerns about
being a POL promoting vaccine uptake including repeated expo-
sure to unvaccinated individuals while being immunocompro-
mised, fear of losing or damaging personal relationships, and
ethics considerations about promoting vaccination to staunch
opponents to vaccination. One shared, “You would think that
the relationship with this person that says, ‘I will get sick if you
do not do this,’ would be compelling, but that’s also a very trau-
matizing thing to say…especially if that doesn’t have an outcome
that’s positive ‘cause…that person doesn’t care” (Transcript
16, community leader). Considering the well-being of the POLs
was highlighted as central to plans for a future intervention.

DISCUSSION

With the disproportionate burden of COVID-19 infection,
adverse outcomes, and vaccine hesitancy among people of color
with rheumatic diseases, this qualitative study sought to better

elucidate perceived barriers and facilitators to vaccine uptake in
Black communities in Chicago and Boston (11). Both physician-
and community-based participants identified sources of vaccine
hesitancy including mistrust, apathy, inaccessibility, safety con-
cerns, inconsistent messaging, and misinformation. Mistrust was
noted to be a strong barrier buoyed by conspiracy theories, polit-
icized skepticism, and mistrust of health care systems and vac-
cine development and function, along with historical injustices
and racism. Approaches for increasing vaccine uptake centered
on information dissemination from trusted and empathetic social
network members with an emphasis on lifestyle benefits gained
from vaccination.

Our findings regarding barriers to vaccination among Black
individuals with rheumatic conditions are congruent with previous
studies among the general Black population (21–25). A recent
qualitative study of Black churchgoers from a single congregation
in Boston found lack of trust, rushed development, fear of side
effects, history of medical mistreatment, and a perception of low
risk as reasons for vaccine hesitancy in this group (26). Further-
more, a qualitative study assessed vaccine hesitancy factors for
70 members of racial and ethnic minority communities at high risk
for COVID-19 and found misinformation, politicization, apprehen-
sion based on historical inequities, access barriers, and a need for
trusted messengers to be shared sentiments (27). Additionally,
studies in patients with SLE and other rheumatic conditions high-
light concerns regarding vaccine safety, side effects, and impact
on underlying rheumatic diseases in patients with vaccine hesi-
tancy, similar to our findings (28–34). Our study additionally
explored COVID-19 vaccine booster hesitancy, highlighting
inconsistent messaging, waning precaution vigilance, fatigue, fear
of prior or more severe side effects, along with the perception of
boosters as nonessential.

This qualitative study explored perceived barriers by physi-
cians, community leaders, and established POLs. Limitations

Table 5. Considerations for POL intervention design—selected quotes from physicians and community leaders*

Considerations Transcript

POL traits “I think in this particular sphere, being a great leader is really important. In order to be successful in
changing people’s minds, you have to be really able to listen to what people are saying and interpret that.
I would say having an outgoing personality but a sensitive approach. Meaning you’re not bombarding a
patient with a bunch of information and you’re approaching it softly is what I would say and great people
skills. Of course, that is part of being a community leader as well.” (Transcript 2, physician)

“I think they need to be humble. They need to be approachable and honest. If you break down telling your
story, it’s okay. If you say I don’t know the answer, I’ll get back to you, it’s totally okay. If you give example[s]
of what you’ve gone through, people can relate. So they can say ‘I know somebody, or I’ve been through
that.’” (Transcript 3, community leader)

Physician knowledge of patient
social networks

“I think I would have to say I get a sense if they are isolated or not, but I don’t know the details of their social
network. I just know who I don’t know.” (Transcript 1, physician)

“Some of my patients I know a lot about their families because they tell me, and they’re more open about it
andmaybe I’ve seen them for longer and we just have that relationship. Other patients I don’t knowmuch
about their life outside of their health.” (Transcript 2, physician)

Concerns about being a POL “I think for me, the hump that I have to get over is it’s tiring, it becomes very tiring. It’s depressive. It puts me
in a state, and I think for me what I have to do is change my mindset because I’m at this point I can’t do it
anymore cause I’m so tired of the stupidity. It’s wearing, it takes its toll on you.” (Transcript 5, community
leader)

POL = Popular Opinion Leader.
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include a small sample size, although thematic saturation was
reached, with the largest percentage of participants being female
and from Boston. Black communities are not monolithic, and one
set of perceived barriers or strategies will not be generalizable to
all individuals identifying as Black, as evidenced by the heteroge-
neity reflected in participant responses from 2 US cities. While
our interviewees were made aware of the overarching study aims
(to understand and increase COVID-19 vaccinations/boosters
overall and specifically among Black individuals with rheumatic
conditions), and individuals identifying as Black/African American
were oversampled (10 of 18 interviews), perspectives presented
may not only represent views of individuals in these communities,
and at the same time, may not be broadly applicable both within
and outside of Black communities. We specifically included
leaders of organizations and physicians serving Black communi-
ties as well as community leaders who identified with various
Black cultural backgrounds to incorporate diverse life
experiences.

We aimed to represent the community of individuals with
rheumatic/musculoskeletal conditions (12 of 18 interviews), but
also to have a broader understanding of perspectives from indi-
viduals who interact with this community. Therefore, some quotes
may be representative of more general opinions beyond those
specific to individuals with these conditions. We did not choose
to ask participants if they were fully vaccinated, though many
community leaders spoke of their experiences receiving the
COVID-19 vaccine, and physicians were required per workplace
mandates. Additionally, the interviews were conducted virtually
from November 2021 to October 2022 and thus the state of vac-
cination efforts, messaging, and access varied during this time.

There are strengths and limitations inherent to our use of
qualitative over quantitative methods. Quantitative studies can
reveal population-level data on vaccine uptake and potentially
reasons for vaccine hesitancy. However, they do not allow for in-
depth, nuanced data regarding reasons behind vaccine hesi-
tancy. While surveys may have provided information from a larger
number of participants, the in-depth exploration of experiences to
facilitate a future intervention would not have been possible. While
we considered holding focus groups instead of individual inter-
views, we chose the latter to elevate the unique perspective of
each individual on a sensitive topic, and to allow us to accommo-
date individuals working tirelessly in the midst of ongoing
COVID-19 waves who would have been overlooked with a longer
focus group meeting at a designated time (35).

Generalized mistrust, conspiracy theories, mistrust of health
care systems and vaccine development and function, politicized
skepticism, racism, and historical injustices were the most cited
barriers to vaccine uptake. A national survey showed the impor-
tance of trust in the vaccine development process; vaccine intent
was 75% higher among those with high trust versus those with
low trust (36). Furthermore, another national analysis highlighted
the role of structural racism, as Black respondents were more

likely to have vaccine hesitancy while controlling for personal traits
like stress, conspiracy thinking, and medical trust (37). Addres-
sing structural racism through informed interventions that
acknowledge past and current racism and mistreatment could
help improve vaccine uptake in Black communities. Our findings
suggest that trust restoration must be at the forefront of strategies
to improve racial equity in vaccine uptake through community-
driven interventions, meaningful investment, and the building of
community power through direct engagement with Black com-
munities (38,39).

The experiences and perspectives of participants will be
used to develop a curriculum to train POLs on COVID-19 vaccine
and booster safety and hesitancy in communities of Black individ-
uals with rheumatic conditions with a racial justice lens. We hope
these perspectives will help efforts to reduce mistrust and fear.
In building this intervention, our key informants highlighted that
POLs should engage in personalized, iterative conversations,
employing humility, empathy, and curiosity. Care must be taken
to avoid creating adverse effects related to moral injury for trusted
messengers. This qualitative work will directly inform a planned
randomized controlled trial to assess whether this community–
academic partnership intervention rooted in racial justice with
acknowledgement of structural racism will improve COVID-19
vaccine and booster uptake among Black individuals with rheu-
matic diseases.
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Life Events, Caregiving, and Risk of Autoimmune
Rheumatic Diseases in the Women’s Health Initiative
Observational Study

Christine G. Parks,1 Mary Pettinger,2 Anneclaire J. de Roos,3 Hilary A. Tindle,4 Brian T. Walitt,5

and Barbara V. Howard6

Objective. Growing evidence suggests psychosocial stressors may increase risk of developing autoimmune
disease. We examined stressful life events and caregiving in relation to incident rheumatoid arthritis (RA) and systemic
lupus erythematosus (SLE) in the Women’s Health Initiative Observational Study cohort.

Methods. The sample of postmenopausal women included 211 incident RA or SLE cases reported within 3 years
after enrollment, confirmed by use of disease-modifying antirheumatic drugs (i.e., probable RA/SLE), and 76,648
noncases. Baseline questionnaires asked about life events in the past year, caregiving, and social support. We used
Cox regression models to calculate hazard ratios (HR) and 95% confidence intervals (95% CIs), adjusting for age,
race/ethnicity, occupational class, education, pack-years of smoking and BMI.

Results. Incident RA/SLE was associated with reporting 3 or more life events (e.g., age-adjusted HR 1.70 [95% CI
1.14, 2.53]; P for trend = 0.0026). Elevated HRs were noted for physical (HR 2.48 [95% CI 1.02, 6.04]) and verbal
(HR 1.34 [0.89, 2.02]) abuse (P for trend = 0.0614), 2 or more interpersonal events (HR 1.23 [95% CI 0.87, 1.73]; P for
trend = 0.2403), financial stress (HR 1.22 [95% CI 0.90, 1.64]), and caregiving 3 or more days per week (HR 1.25
[95% CI 0.87, 1.81]; P for trend = 0.2571). Results were similar, excluding women with baseline symptoms of depres-
sion or moderate-to-severe joint pain in the absence of diagnosed arthritis.

Conclusion. Our findings support the idea that diverse stressors may increase risk of developing probable RA or
SLE in postmenopausal women, supporting the need for further studies in autoimmune rheumatic diseases, including
childhood adverse events, life event trajectories, and modifying psychosocial and socioeconomic factors.

INTRODUCTION

Autoimmune rheumatic diseases, including the 2 most

common systemic autoimmune diseases, rheumatoid arthritis

(RA) and systemic lupus erythematosus (SLE), affect as many as

1.6 million adults in the U.S. (1). Sometimes co-occurring, RA

and SLE share risk factors including female sex and family history

of RA or SLE, while RA is increased in older women and SLE pre-

dominately affects reproductive age women (2–5). Characterized

by complex etiologies involving environmental and genetic factors

(6–8), only a few modifiable risk factors have been identified

besides smoking.
A broad literature supports the idea that stress may play a role

in worsening RA and SLE symptoms and outcomes, and growing

evidence suggests stress may trigger a variety of autoimmune dis-

eases (9, 10). Recent studies show that history of trauma or post-

traumatic stress disorder is associated with risk of developing RA

or SLE (11–18). Given the known effects of stress on the immune

system, such as immunosuppression and inflammation (19–21),

these findings support a broader hypothesis that other stressors
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may increase risk of RA/SLE. Stressful life events can include acute

experiences such as death of a partner or a serious accident, abuse,

interpersonal conflicts such as marital separation, or financial stress,

with some experiences reflecting traumatic stressors, patterns of

longer-term experiences and chronic stress, or compounding trajec-

tories of stressors across the lifespan (22). Research on stressful life

events and RA/SLE is limited; one large case-control study in

Sweden reported stressful life events in the 5 years prior to diagnosis

were associatedwith an increased odds of developing RA (23), while

a smaller study of SLE in southern Sweden showed no associations

with life events in the past year (24).
Individuals experience external stressors within a broad

socioeconomic and psychological, and social context. The

Reserve Capacity model posits that lower socioeconomic status
(SES) modifies the impact of stressors, undermining tangible,
interpersonal and intrapersonal resources for coping, such as
social support, amplifying over time the potential for adverse
effects on health (25, 26). Past research in the Women’s Health
Initiative (WHI) found that having more negative life events was
related to lower education, non-white race, lower social support,
and adverse health behaviors (e.g., smoking, BMI) (27, 28).
While the latter may have direct physiological impacts, the
others may reflect differential reserve and resources, which
may modify the impact of life events on health, including autoim-
munity, inflammation, and disease (Figure 1). Race/ethnicity and
age may further contextualize this relationship. In the WHI Exten-
sion Study (mean age 77 years), younger women and those of
Black or African American (versus White) race/ethnicity reported
higher resiliency (29).

In the WHI Observational Study (OS) cohort, we previously
noted associations of SES-related covariates with risk of RA
(i.e., non-professional occupation) and SLE (i.e., lower educa-
tion) (30). Here we investigated whether risk of RA/SLE in the
first three years of follow-up was associated with recent life
events and caregiving, another potential stressor associated
with depressive symptoms in the WHI (31). We hypothesized
that having more stressful life events and caregiving might
contribute to risk of developing RA or SLE. We also examined
specific types of life events and in secondary analyses explored
potential differences in associations with RA/SLE by age and
indicators of Reserve Capacity (occupational class, social
support).

RESERVE CAPACITY

Recent stressors 

Life events (incl. trauma) 

Caregiving 

Socioeconomic Status 

Educa�onal status 

Occupa�on class 

Health Behaviors 

Body Mass Index 

Smoking 

Social support 

Distress  

Depression 

Life-course stress 

Childhood adversity 

Adult life events

Autoimmune Disease 

 RA and SLE 

Autoimmunity 

+ 

Inflamma�on 

Age 

Race/ethnicity

0 

Figure 1. Life-course and recent stressors, reserve capacity, and pathways contributing to the development of autoimmune disease.
*RA = rheumatoid arthritis; SLE = systemic lupus erythematosus.

SIGNIFICANCE & INNOVATIONS
• In a well-characterized cohort of postmenopausal

women, those reporting 3 or more major life events
in the past year at baseline had a 70% increased risk
of developing rheumatoid arthritis (RA) or systemic
lupus erythematosus (SLE) in the subsequent 3 years.

• Associations were not confounded by socio-
demographic and lifestyle factors and were robust
to sensitivity analyses excluding women with base-
line depressive symptoms or unexplained
moderate-to-severe joint pain.

• Our findings for diverse stressors, ranging from
interpersonal factors to financial stress to abuse,
add to a growing literature on the role of psychoso-
cial stressors in the development of RA and SLE.
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MATERIALS AND METHODS

Study sample. The WHI-OS cohort includes 93,676 women
(enrolled 1994-98) from 40 clinical centers across the United States
(32). At baseline and year 3 of follow-up, women were asked if a
doctor ever told them they had systemic lupus erythematosus
(SLE), or arthritis, and if so, what type, i.e., rheumatoid arthritis (not
rheumatism) or other/don’t know. For the current study, eligible par-
ticipants were those with complete data on RA/SLE status [exclude
missing, N = 2,429 (2.6%)], medication use [exclude missing, N =
13,871 (14.8%)], the life events scale and major covariates [exclude
missing, N = 842 (0.9%)]. The analysis sample excluded prevalent
RA or SLE cases who used disease modifying anti-rheumatic drugs
(DMARDs; N = 815, 0.9%) and potential cases with either RA or
SLE without DMARDS or DMARDS without RA/SLE at baseline or
follow-up (N = 2,533; 2.7%). Probable cases were identified based
on a new self-reported diagnosis during the first three years of
follow-up, confirmed by DMARD use at year 3 (a highly specific
method for case ascertainment in the absence of medical records
review or physician validation) (33). Derivation of the analysis sample
and characteristics of the study sample relative to the complete OS
Cohort are shown (see Supplementary Figure 1 and Supplementary
Table 1, respectively, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.25164).
The final analysis sample of 74,897 women included 211 cases of
probable incident RA (N = 176), SLE (N = 27), or both (N = 8) and
74,686. The institutional review boards of the participating institu-
tions approved protocols and consent forms, which were signed
by the women at enrollment.

Stress and covariates. Baseline questionnaires included a
standardized life events scale, asking about 11 items representing
external stressors in the past year, i.e., “hard things that some-
times happen to people” (34). We used the total count of events
reported (0, 1, 2, 3, 4+ for descriptive frequencies, and collapsed
categories to reduce the impact of small cell size in modeling and
secondary analyses). We also considered different types: inter-
personal (6 items: e.g., spouse was deceased, close friend or
family member deceased or serious illness, divorce or breakup,
close friend/family member divorce, close friend/family member
lost job or retired, major conflict with children or grandchildren),
financial stress (1 item: major money problems), and abuse
(2 items: physically or verbally abused by a family member or
close friend). Physical abuse was infrequently reported in the
absence of verbal abuse (27), and for multivariable modeling we
grouped these as three categories (none, verbal abuse only, and
physical abuse ± verbal abuse). Other items included death of a
pet, and major accidents, disasters, muggings, unwanted sexual
experiences, robberies, or similar events.

Baseline questionnaires also asked about recent caregiving, a
potential source of chronic stress: questions asked whether a
woman was regularly providing care for an ill relative or friend, and

how many days per week in the past 4 weeks, which we grouped
into 3 categories (none, up to 2 days, 3 or more days per week)
(35). Social support was assessed through the general social sup-
port index (including emotional, tangible, affection, and positive social
interactions), which we dichotomized as lower (≤median) and higher
(>median) (36). Depressive symptoms in the past 2 weeks were
assessed by the modified CESD-6 scale, dichotomized using a
cut-point of ≥0.06 (37). Joint pain or stiffness in the past 4 weeks
was rated as none, mild, moderate, severe. Other covariate data
included age, self-reported race/ethnicity, education, occupational
class, pack-years of smoking, and body mass index (BMI).

Analyses. We modeled risk of developing RA/SLE using
Cox proportional hazards regression to calculate hazard ratios
(HR) and 95% confidence intervals (95% CIs). Initial models
adjusted for age, while fully adjusted models also included race/
ethnicity, occupational class, education, pack-years of smoking,
and BMI. No evidence of confounding was seen in fully adjusted
models, so age-adjusted results are reported in the text. Propor-
tionality was assessed by adding a term for the interaction
between the exposure and log-transformed survival time
(P values: 0.6455 total life events, 0.1999 interpersonal events,
0.0466 financial stress, 0.6681 for abuse, and 0.6730 caregiving).
Graphs of the survival function versus log-transformed survival
time were also examined, showing the departure from proportion-
ality for financial stress was based on a small number of cases at
1 extreme. Trends tests for life event and interpersonal event
counts were based on linear terms in the models.

In sensitivity analyses we excluded women with symptoms
that could indicate preclinical or undiagnosed RA
(i.e., moderate-to-severe joint pain without doctor diagnosed
arthritis or missing data on arthritis: 5,343 noncases, 35 cases).
We also ran models excluding women with depressive symptoms
(8,859 noncases, 44 cases), which may be a cause or effect of
chronic inflammation, autoimmunity, and response to pain, and
may also result from earlier life events and past trauma (38–41).

In secondary analyses, we explored potential modifiers of the
relationship of RA/SLE risk with life events, including age, social sup-
port, and occupational class. Interaction P values were derived by
comparing models including both variables with and without cross-
product term; the test statistic, based on the deviance method,
was tested against a chi-square distribution (degrees of freedom =
difference in degrees of freedom between the 2 models) with a
P < 0.10 for statistical significance, allowing a higher type 1 error rate
to accommodate the lower power for testing interactions.

RESULTS

Table 1 shows that, across categories of the number of life
events reported (0, 1, 2, 3, and 4+), women who reported more
life events or stressors were slightly younger and had lower social
support. They were more likely to be Black or Hispanic, have a
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lower educational attainment and occupational class, greater
BMI, and pack-years of smoking, and were more likely to report
depressive symptoms or moderate-to-severe joint pain or stiff-
ness. The most common stressor was death of a friend/family
member (range 48–82% across categories 1 to 4+), followed by

financial stress (11–76%), major conflict (8–64%), verbal abuse
only (3%–37% [not including physical]), major accident (3–26%),
divorce/breakup (1–14%), spouse/partner died (1–10%), and
physical abuse (<1% to 9% [with or without verbal abuse]). Fre-
quent caregiving (3 or more times per week) was reported by

Table 1. Characteristics of study participants by number of stressful life events at baseline*

0 events
reported

1 event
reported

2 events
reported

3 events
reported

≥4 events
reported

(n = 16,836) (n = 23,948) (n = 17,452) (n = 9,527) (n = 7,134)

Age, mean ± SD years 64.3 ± 7.2 64.1 ± 7.3 63.3 ± 7.3 62.6 ± 7.2 61.6 ± 7.2
Social support index score, mean ± SD 37.6 ± 7.2 37.0 ± 7.3 36.0 ± 7.6 34.9 ± 7.9 32.8 ± 8.3
Race/ethnicity
White 14,863 (88.3) 20,966 (87.5) 14,849 (85.1) 7,905 (83.0) 5,477 (76.8)
Black 752 (4.5) 1,378 (5.8) 1,327 (7.6) 838 (8.8) 819 (11.5)
Hispanic 426 (2.6) 563 (2.4) 502 (2.9) 358 (3.8) 441 (6.2)
American Indian 43 (0.3) 66 (0.3) 59 (0.3) 40 (0.4) 61 (0.9)
Asian/Pacific Islander 571 (3.4) 704 (2.9) 482 (2.8) 233 (2.4) 203 (2.8)
Unknown 181 (1.1) 271 (1.1) 233 (1.3) 153 (1.6) 133 (1.9)

Education
<High school graduate 565 (3.4) 806 (3.4) 697 (4.0) 441 (4.7) 431 (6.1)
High school/GED 2,665 (15.9) 3,761 (15.8) 2,711 (15.6) 1,470 (15.6) 1,075 (15.2)
School after high school 5,478 (32.8) 8,258 (34.7) 6,431 (37.1) 3,695 (39.1) 2,963 (41.9)
≥College degree 8,007 (47.9) 10,962 (46.1) 7,491 (43.2) 3,834 (40.6) 2,598 (36.8)

Occupation
Managerial/professional 7,507 (46.4) 10,639 (46.2) 7,496 (44.7) 3,951 (43.2) 2,714 (40.0)
Technical/sales/admin 4,386 (27.1) 6,470 (28.1) 4,858 (28.9) 2,735 (29.9) 2,062 (30.4)
Service/labor 2,335 (14.4) 3,503 (15.2) 2,762 (16.5) 1,674 (18.3) 1,460 (21.5)
Homemaker only 1,951 (12.1) 2,439 (10.6) 1,672 (10.0) 789 (8.6) 556 (8.2)

Body mass index (kg/m2)
<25 7,950 (47.8) 10,520 (44.4) 7,030 (40.8) 3,638 (38.6) 2,335 (33.1)
25 to <30 5,574 (33.5) 8,058 (34.0) 5,951 (34.5) 3,252 (34.5) 2,408 (34.1)
≥30 3,106 (18.7) 5,112 (21.6) 4,258 (24.7) 2,536 (26.9) 2,310 (32.8)

Pack years of smoking
Never-smoker 8,918 (54.6) 12,310 (53.1) 8,791 (52.1) 4,689 (51.0) 3,488 (50.8)
<5 2,320 (14.2) 3,440 (14.9) 2,500 (14.8) 1,436 (15.6) 1,092 (15.9)
5 to <20 2,288 (14.0) 3,327 (14.4) 2,451 (14.5) 1,328 (14.4) 974 (14.2)
≥20 2,807 (17.2) 4,087 (17.6) 3,140 (18.6) 1,743 (19.0) 1,310 (19.1)

Specific life events†
Friend/family member died — (NA) 11,560 (48.4) 11,201 (64.3) 7,069 (74.3) 5,868 (82.4)
Financial stress — (NA) 2,534 (10.6) 5,391 (30.9) 4,839 (50.9) 5,402 (75.9)
Major conflict — (NA) 1,961 (8.2) 3,744 (21.5) 3,727 (39.2) 4,538 (63.7)
Abuse – verbal only — (NA) 826 (3.4) 1,812 (10.4) 1,945 (20.4) 2,658 (37.3)
Major accident — (NA) 637 (2.7) 1,234 (7.1) 1,175 (12.3) 1,859 (26.1)
Divorce of break-up — (NA) 117 (0.7) 327 (1.9) 440 (4.6) 1,006 (14.1)
Spouse/partner died — (NA) 339 (1.4) 628 (3.6) 548 (5.8) 694 (9.7)
Physical (± verbal abuse)‡ — (NA) 16 (0.1) 90 (0.5) 162 (1.7) 635 (8.9)

Caregiving
None or infrequent 11,196 (66.8) 14,788 (62.0) 10,164 (58.6) 5,110 (54.0) 3,540 (49.9)
Up to 2 times/week 3,659 (21.8) 5,880 (24.7) 4,518 (26.0) 2,764 (29.2) 2,102 (29.6)
3 or more times/week 1,902 (11.4) 3,166 (13.3) 2,674 (15.4) 1,593 (16.8) 1,450 (20.4)
Depression symptoms§ 577 (3.5) 1,527 (6.5) 1,910 (11.2) 1,501 (16.1) 1,991 (28.6)

Joint pain or stiffness
Symptom did not occur 5,915 (35.2) 7,635 (32.0) 4,816 (27.7) 2,373 (25.0) 1,423 (20.0)
Mild 7,817 (46.6) 11,260 (47.1) 8,288 (47.6) 4,361 (45.9) 3,137 (44.2)
Moderate 2,592 (15.4) 4,040 (16.9) 3,352 (19.3) 2,112 (22.3) 1,813 (25.5)
Severe 459 (2.7) 960 (4.0) 940 (5.4) 646 (6.8) 729 (10.3)

* Values are the number (%) unless indicated otherwise.
† Common or severe events listed, including include financial stressor (i.e., majormoney problems); spouse or partner died,
divorce or break-up; major conflict (i.e., with children or grandchildren); major accident (or disaster). Other included close
friend/family member divorced, close friend/family member lost job or retired; pet died.
‡ Physical abuse occurred in the absence of reported verbal abuse for 8, 33, 45, and 72 women across the 4 event
categories.
§ Depression symptoms if Center for Epidemiologic Studies Depression Scale score ≥0.06.
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11% and 13% of those with 0 or 1 life events, to 20% of those
with 4+ events.

Table 2 shows frequencies of life events in the past year,
caregiving days per week, and symptoms of depression and joint
pain in RA/SLE cases and noncases. Across all life events evalu-
ated, 12.8% of cases reported ≥4 events and 18.5% reported
3 events. Across the different types of events, 10% reported at
least 3 interpersonal life events and 24.2% reported 2 events;
28.4% reported financial stress. Only 2.4% reported physical
abuse, while 12.3% reported verbal abuse only. Caregiving 3 or
more days per week was reported by 17.5% of cases. At base-
line, 17.3% had symptoms of depression, and 8.1% reported

moderate-to-severe joint pain in the absence of diagnosed arthri-
tis. Similar frequencies were seen in RA cases, while frequencies
in SLE cases are shown in Supplementary Table 2 (available on
the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.25164). Covariate frequencies are shown
in Supplementary Table 3 (available at http://onlinelibrary.wiley.
com/doi/10.1002/acr.25164.

In proportional hazard regression models (Table 3), RA/SLE
risk was associated with a greater number of recent life events
or stressors (e.g., age-adjusted HR = 1.70 [95%CI 1.14, 2.53]
for 3 or more versus none; P for trend 0.0026), and with physical
abuse (e.g., HR = 2.48 [95%CI 1.02, 6.03]). Elevated HRs were

Table 2. Incident RA/SLE by stressful life events, caregiving, depressive symptoms, moderate-to-severe joint pain
or stiffness, and doctor diagnosed arthritis other than RA*

Non-cases RA/SLE RA
(n = 74,686) (n = 211)† (n = 184)

No. % No. % No. %

Life events (all)
0 16,797 22.5 39 18.5 32 17.4
1 23,884 32.0 64 30.3 59 32.1
2 17,410 23.3 42 19.9 34 18.5
3 9,488 12.7 39 18.5 36 19.6
≥4 7107 9.5 27 12.8 23 12.5

Interpersonal
0 22,895 30.7 60 28.4 47 25.5
1 29,581 39.6 79 37.4 73 39.7
2 15,581 20.9 51 24.2 46 25.0
≥3 6,629 8.9 21 10.0 18 9.8

Financial stress
No 56,448 75.7 151 71.6 133 72.3
Yes 18,106 24.3 60 28.4 51 27.7
Missing 132 – – – – –

Abuse
None 66,731 89.3 180 85.3 161 87.5
Verbal only 7,215 9.7 26 12.3 20 10.9
Physical +/− verbal 740 1.0 5 2.4 3 1.6

Caregiving (days/week)
None/infrequent 44,678 60.1 120 56.9 103 56.0
Up to 2 times/week 18,869 25.4 54 25.6 49 26.6
3 or more times/week 10,748 14.5 37 17.5 32 17.4
Missing 391 – 0 – – –

Depression (CES-D ≥0.06)
No 65,827 89.8 167 82.7 148 84.6
Yes 7,471 10.2 35 17.3 27 15.4
Missing 1,388 – 9 – – –

Joint pain/stiffness
No symptoms 22,137 29.7 25 11.8 23 12.5
Mild 34,776 46.7 87 41.2 76 41.3
Moderate 13,838 18.6 71 33.6 62 33.7
Severe 3,706 5.0 28 13.3 23 12.5
Missing 229 – – – – –

Doctor-diagnosed arthritis‡ 31,978 42.8 107 50.7 92 50.0
Moderate-severe joint pain/stiffness
+Diagnosed arthritis 12,430 16.7 64 30.3 55 29.9
+No diagnosed arthritis 3,808 5.1 17 8.1 14 7.6
Missing arthritis 1,306 – 18 – 16 –

* CES-D = Center for Epidemiologic Studies Depression Scale; RA = rheumatoid arthritis; SLE = systemic lupus
erythematosus.
† Total sample includes 8 cases of RA with SLE and 27 cases of SLE-only.
‡ Doctor-diagnosed arthritis other than RA, other nonspecified or unknown type.
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seen for increased interpersonal events (HR 1.23 [95% CI 0.87,
1.73]), financial stress (HR 1.22 [95% CI 0.90, 1.64]), and more
frequent caregiving (>2 days/week versus none [HR 1.25 [95%
CI 0.87, 1.81]), though confidence limits did not exclude the null,
and trend tests were not statistically significant. Estimates did
not appear to be confounded by demographic or behavioral fac-
tors (race/ethnicity, education, occupation, pack-years of smok-
ing, and BMI), as results were similar in fully adjusted models. In
sensitivity analyses (see Supplementary Table 4, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.25164), associations of RA/SLE with the
number of life events and physical abuse persisted after excluding
women with moderate or severe joint pain or stiffness not due to
diagnosed arthritis or depressive symptoms. The trend for more
frequent caregiving became statistically significant after excluding
women with moderate-to-severe joint pain in the absence of diag-
nosed arthritis (P for trend = 0.0424) but was attenuated exclud-
ing those with depressive symptoms.

In secondary analyses exploring potential modifiers (Figure 2
and Supplementary Table 5, available on the Arthritis Care &

Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.25164), several associations were more apparent in women
with lower occupational status (i.e., those with nonprofessional/
managerial jobs or homemakers) or social support, or ages

50–64 years. Abuse showed strong, statistically significant
associations with RA/SLE in women with lower occupational sta-
tus, lower social support, and ages 50–64 years (odds ratios
[ORs] 1.60–1.79), though interactions were not statistically signif-
icant. The association of financial stress with RA/SLE was also
more apparent in women with a lower occupational status (P for
interaction = 0.0147) and in women ages 50–64 years (P for inter-
action = 0.0814). By contrast, the association of RA/SLE with
interpersonal events was more apparent in women ages
≥65 years (P for interaction = 0.0742).

DISCUSSION

Results of this prospective study support the hypothesis that
stressful life events may play a role in the development of RA and
SLE in postmenopausal women. We found that women reporting
a greater number of events in the past year, including death of a
partner or close friend, conflict with children or grandchildren,
divorce, abuse (physical or verbal), financial problems, and major
accidents or disasters, had a 70% increased risk of being diag-
nosed with probable RA or SLE within 3 years of enrollment.
These results extend prior literature showing associations with
diverse, contemporary psychosocial stressors in a population of
middle-aged and older women.

Table 3. Associations of stressful life events or stressors with incident RA or SLE adjusting for age and covariates*

Stressful
life events†

No. of
noncases

No. of
RA/SLE cases

HR (95% CI);
age-adjusted‡

HR (95% CI);
fully adjusted‡

All life events/stressors
0 16,797 39 1.0 1.0
1 to 2 41,294 106 1.11 (0.77, 1.60) 1.16 (0.78, 1.73)
≥3 16,595 66 1.70 (1.14, 2.53) 1.75 (1.14, 2.69)
P for trend 0.0026 0.0039

Interpersonal
0 22,895 60 1.0 1.0
1 29,581 79 1.02 (0.73, 1.43) 1.17 (0.82, 1.67)
≥2 22,210 72 1.23 (0.87, 1.73) 1.25 (0.86, 1.81)
P for trend 0.2403 0.2465

Financial stress
No 56,448 151 1.0 1.0
Yes 18,106 60 1.22 (0.90, 1.64) 1.15 (0.83, 1.59)
P for trend 0.2078 0.4020

Abuse
None 66,731 180 1.0 1.0
Verbal only 7,215 26 1.34 (0.89, 2.02) 1.36 (0.89, 2.10)
Physical (± verbal) 740 5 2.48 (1.02, 6.03) 2.50 (1.02, 6.14)
P for trend 0.0614 0.0524

Caregiving
None 44,678 120 1.0 1.0
≤2 times/week 18,869 54 1.06 (0.77, 1.46) 1.04 (0.74, 1.47)
>2 times/week 10,748 37 1.25 (0.87, 1.81) 1.31 (0.89, 1.92)
P for trend 0.2571 0.2115

* RA = rheumatoid arthritis; SLE = systemic lupus erythematosus.
† Categories collapsed to reduce the variance in multivariable models.
‡ Hazard ratios (HR) and 95% confidence intervals (95% CIs) estimated from Cox proportional hazards regression
models, adjusted for age, or fully adjusted for age, race/ethnicity, education, occupation, pack-years of smoking
and body mass index.
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Our prospective findings for probable RA/SLE are consistent
with a retrospective study of 2,774 RA cases in Sweden, which
showed that having 3 or more life events in the past 5 years was
associated with RA in women and with anti–citrullinated peptide
antibody (ACPA)–negative cases (ORs 1.3–1.4), though their

study sample was younger (median age 55 years [range
18–70 years]) and clinically validated (23). Looking at individual
types of events, they saw stronger (OR ≥ 1.4), statistically signifi-
cant associations for interpersonal conflict (with a spouse or chil-
dren or at work), increased or decreased responsibility at work,

Figure 2. Life events associated with rheumatoid arthritis/systemic lupus erythematosus, stratified by social and demographic buffering factors;
age-adjusted hazard ratios and 95% confidence intervals.
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unemployment, change in residence, and divorce. In a retrospec-
tive analysis of 85 SLE cases, the strongest associations (though
none of them statistically significant) included severe conflict or
being deeply offended by someone, along with death of a child
(24). In our overall sample, RA/SLE was not associated with
increased interpersonal events (a group that included events such
as divorce, death of a family member or friend, major conflict with
children or grandchildren, loss of a job, or retirement), or with
financial problems. Focused research is needed to address the
impacts of stress from interpersonal conflict and loss.

While relatively uncommon, we found that physical abuse
(with or without verbal abuse) in the past year was associated with
risk of RA/SLE. Partner abuse is an important, understudied trau-
matic stressor in women, and these findings add to a growing lit-
erature focused on posttraumatic stress disorder (PTSD) and
trauma as risk factors for RA and SLE (10–12,18,42). Previous
research in theWHI has shown that abuse is related to depressive
symptoms and overall mortality risk (43,44). Though focused on
events in the past year, the question specifies abuse in a close
relationship, which may also indicate an extended pattern of trau-
matic stress (45). We did not look at associations specifically in
SLE cases, but note that 25.7% reported physical or verbal abuse
compared to 12.5% of those with RA and 10.7% of noncases.
Given the small number of exposed cases, these findings warrant
cautious interpretation.

Our results suggest that overall caregiving was not associated
with developing RA/SLE. We saw an elevated HR for more frequent
caregiving (3 or more days per week), but the CI included the null.
Notably, these results were sensitive to excluding women with
baseline symptoms of joint pain (increased HR) or depression
(attenuated HR). Caregiving is a common experience in mid-life
and older women caring for parents or partners and is typically
viewed as a source of chronic stress. But research on caregiving
often fails to capture the context or heterogeneity of
caregiving and any potential positive effects on health andwellbeing
(46–49). Conversely, caregiving may be accompanied by life events
such as illness or death of a spouse or relationship conflict. In the
current study sample, women with more life events also reported
more frequent caregiving. Caregiver stress may be better captured
in future studies using methods such as a latent class analysis (50).

We explored the use of markers of Reserve Capacity
(i.e., occupational class and social support) to contextualize the
environment in which stressors occur, and age, as potential effect
modifiers on the relationship of life events with RA/SLE. In strati-
fied models, most differences were in the expected direction, with
greater risk in women with fewer resources, i.e., lower occupa-
tional status and lower social support. Most did not reflect signifi-
cant interactions (i.e., P < 0.10), except for financial stress, which
was associated with increased RA/SLE in women with lower
occupational status and in women ages <65 years. Having more
interpersonal events was also associated with RA/SLE in those
who were 65 and older, but not in women <65. These differences

could be related to exposure heterogeneity across subgroups or
variable response depending on life stages and co-occurring
events. Cautious interpretation is warranted given the exploratory
nature of these analyses.

Psychological stress or distress is experienced when
demands outweigh psychological, social, and materials
resources, with impacts on health through diverse pathways,
including psychopathology. We did not adjust for depressive
symptoms, which may be a marker for physiologic effects on the
pathway to disease. Baseline depressive symptoms in the past
4 weeks were more common in women who later developed
RA/SLE, however observed associations with life events per-
sisted in women without symptoms. We did not examine diag-
nosed depression or antidepressant use, nor did we evaluate
potential mediation or modification by depression, which warrants
further consideration as it offers a potential opportunity in clinical
settings to identify and support individuals at risk.

Stress can affect health through different biologic mecha-
nisms, depending on the type or timing of the stressor, and other
historical and concurrent exposures that modify neuroendocrine
responses. Chronic and acute stress due to experiences viewed
as threatening, unpredictable, or uncontrollable may lead to
immune dysfunction and dysregulation, resulting in a variety of
long- and short-term changes, including increased susceptibility
to infection, reduced healing, and inflammation (51,52). Autoanti-
bodies in RA (and other autoimmune diseases) can arise well in
advance of disease onset as part of a larger constellation of fac-
tors, including systemic inflammation, preceding clinically appar-
ent disease (32,53–55). Stress effects on the immune system
could act at an earlier stage on the causal pathway leading to
autoantibody production, for example, in the mucosal origins
hypothesis for RA, or at a later stage contributing to clinical
pathology leading to diagnosis (56). Time to diagnosis following
initial symptoms varies and it is likely that some cases in our study
had undiagnosed disease at baseline. Early symptoms of disease
may include joint-specific inflammation; however, results were
unchanged in models excluding those reporting moderate or
severe joint pain at baseline not due to other or unknown forms
of doctor-diagnosed arthritis.

This study has limitations. Although the sample was of suffi-
cient size to detect modest associations with frequently reported
life events, the low incidence of probable RA/SLE and short
follow-up time limited our ability to examine less common individ-
ual exposures (e.g., physical abuse or experiencing an accident or
disaster or another major traumatic event) or conduct analyses
limited to SLE. The WHI-OS cohort is a volunteer sample of
women who were ineligible for the clinical trials for various rea-
sons; most were White, while Black and Hispanic women were
more likely to be excluded from our study sample due to missing
data, which further limited generalizability. The small number of
non-White women in the study sample precluded analyses
of racial/ethnic disparities in RA/SLE in relation to life events (57).
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Self-report of RA/SLE is known to be nonspecific, so we lim-
ited our analyses to probable clinical cases based on their use of
disease-specific medication. During our study period, the para-
digm of early initiation of DMARDs following diagnosis was
emerging, but not widespread, especially in older patients. Of
those enrolled in Medicare Part D, only 24% of RA patients used
DMARDs in 1996, rising to only 41% by 2003 (58, 59). Thus, our
cases may represent those with more aggressive disease or oth-
erwise better access to and uptake of DMARDs. We lacked data
on disease phenotype, including anti–cyclic citrullinated peptide
(anti-CCP) antibodies at RA diagnosis. Recent findings in male
RA patients showed that PTSD symptoms were related to serum
cytokine levels in those with anti-CCP antibodies (60), while a
large retrospective study showed no associations of life events
with anti-CCP negative RA in men, but few differences in associa-
tions with RA by anti-CCP status among women (23). Further
research is warranted on the role of stress and RA/SLE in larger
preclinical samples, including those with anti-CCP antibodies
and individuals with a family history of RA/SLE.

Stress exposure assessment can be challenging in studies of
autoimmune diseases, which themselves can be stressful or
cause physical and psychological changes that may result in
recall bias or reverse causality (39). Events were measured only
at one time point, and no data were available on past adult life
events, traumas, and childhood adverse experiences, which
may proliferate and form trajectories impacting health in older
women (61,62). Results for physical abuse, in particular, are likely
to reflect a longer trajectory of abuse (physical and verbal) with
cumulative effects on health. Repeated stress measures, also
including perceived stress and psychological sequelae of trau-
matic stress, over a longer follow-up period, are needed to identify
whether specific events versus sustained patterns of trauma or
chronic stress confer increased risk of RA/SLE, especially given
the potential latency of effects in the development and progres-
sion of disease.

We saw limited evidence of confounding by BMI and smok-
ing, race/ethnicity, or socioeconomic factors (occupational status
and education). We cannot rule out the possibility of unmeasured
confounders.

In sum, the results of this prospective analysis highlight the
possible role of stress due to recent life events as proximal risk
factors for RA or SLE in postmenopausal women and support
the need to consider a diverse range of stressors and contextual
factors in future studies. If replicated, our findings also suggest
opportunities to identify individuals who may be at higher risk for
developing RA or SLE.
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Social Determinants of Health Documentation Among
Individuals With Rheumatic and Musculoskeletal Conditions
in an Integrated Care Management Program

Sciaska N. Ulysse,1 Mia T. Chandler,2 Leah Santacroce,1 Tianrun Cai,1 Katherine P. Liao,1

and Candace H. Feldman1

Objective. Social determinants of health (SDoH), such as poverty, are associated with increased burden and sever-
ity of rheumatic and musculoskeletal diseases. This study was undertaken to study the prevalence and documentation
of SDoH-related needs in electronic health records (EHRs) of individuals with these conditions.

Methods. We randomly selected individuals with ≥1 International Classification of Diseases, Ninth/Tenth Revision
(ICD-9/10) code for a rheumatic/musculoskeletal condition enrolled in amultihospital integrated care management pro-
gram that coordinates care for medically and/or psychosocially complex individuals. We assessed SDoH documenta-
tion using terms for financial needs, food insecurity, housing instability, transportation, and medication access
according to EHR note review and ICD-10 SDoH billing codes (Z codes). We used multivariable logistic regression to
examine associations between demographic factors (age, gender, race, ethnicity, insurance) and ≥1 (versus 0) SDoH
need as the odds ratio (OR) with 95% confidence interval (95% CI).

Results. Among 558 individuals with rheumatic/musculoskeletal conditions, 249 (45%) had ≥1 SDoH need docu-
mented in EHR notes by social workers, care coordinators, nurses, and physicians. A total of 171 individuals (31%)
had financial insecurity, 105 (19%) had transportation needs, 94 (17%) had food insecurity; 5% had ≥1 related Z code.
In the multivariable model, the odds of having ≥1 SDoH need was 2.45 times higher (95%CI 1.17–5.11) for Black versus
White individuals and significantly higher for Medicaid or Medicare beneficiaries versus commercially insured
individuals.

Conclusion. Nearly half of this sample of complex care management patients with rheumatic/musculoskeletal con-
ditions had SDoH documented within EHR notes; financial insecurity was the most prevalent. Only 5% of patients had
representative billing codes suggesting that systematic strategies to extract SDoH from notes are needed.

INTRODUCTION

Social determinants of health (SDoH), the conditions in

which people work, live, and grow, contribute significantly to

health behaviors and to inequities in health care access and out-

comes (1,2). These nonmedical factors exist across medical

specialties including rheumatology. In a national sample of

patients with rheumatoid arthritis (RA), researchers demon-

strated that faster declines in function over time and overall

poorer functional status were observed in patients living in areas

with more deprivation (measured using the Area Deprivation

Index) (3). In a study that identified adults with RA from the

National Health and Nutrition Examination Survey, >30% had

food insecurity, which was associated with higher odds of

depression (4). A study of patients with systemic lupus erythem-

atous (SLE) showed that moving out of poverty led to lower

mean scores of newly accumulated disease damage, similar to

scores of participants who were never in poverty (5). Across

rheumatic conditions, living in areas of high heat or social vulner-

ability has been associated with higher odds of recurrent hospi-

talizations (6).
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To date, certain SDoH have been examined among individ-
uals with rheumatic diseases through quantitative research stud-
ies and qualitative interviews. However, we do not have a clear
understanding of how SDoH-related needs are documented in
the electronic health records (EHRs) of individuals with rheumatic
diseases or the burden among individuals who may be at highest
risk for adverse health outcomes related to these needs. We
therefore aimed to systematically assess the documentation of
SDoH-related needs in unstructured notes in the EHRs of patients
with rheumatic conditions. We also aimed to determine whether
structured billing International Classification of Diseases, Tenth
Revision (ICD-10) Z codes, a set of standardized codes that are
used to report the determinants that affect health-related out-
comes (7), were being utilized and the degree to which they over-
lapped with unstructured documentation of SDoH.

Extraction of SDoH using structured billing codes would be a
significantly easier way to understand population-level needs
compared to manual chart review. However, we hypothesized
that these Z codes would be underutilized and thus would under-
estimate the extent of SDoH-related needs. An understanding of
both the burden of documented SDoH-related needs and the
way in which they are documented will inform the development
of algorithms that, if indicated, could combine natural language
processing of unstructured notes with structured data
(e.g., billing codes) to extract SDoH to guide clinical care and
future research studies. In addition, by understanding the distri-
bution and prevalence of SDoH-related needs according to rheu-
matic condition, resources can be better allocated to help
rheumatology clinics develop infrastructure to better meet the
needs of their patients, in turn reducing disparities in access and
outcomes.

PATIENTS AND METHODS

Patient population. In our multi-institution academic hos-
pital system, Mass General Brigham (MGB), a subset of medically
and psychosocially complex individuals who receive their primary
care through MGB-affiliated hospitals are enrolled in an integrated
care management program (iCMP) (8). The iCMP includes a mul-
tidisciplinary team of nurses, social workers, community health
workers, community resource specialists, and pharmacists and
aims to coordinate and improve care and reduce costs. Individ-
uals are identified for iCMP enrollment either through referral by
their primary care physician or by a claims-based algorithm (9),
which includes combinations of health care utilization patterns
(e.g., recurrent emergency department visits), presence of com-
plex and/or multiple medical issues, and/or a history of psychoso-
cial needs (e.g., mental health diagnoses). During the timeframe of
this study, the algorithm did not include granular SDoH-related
needs. A qualitative study of 20 providers demonstrated that dis-
ease characteristics, including complexity, the diagnoses them-
selves and disease control, the environment of the patient
(notably availability of social support), and ability to navigate the
health care system, were considered when referring patients for
the iCMP (10).

Each patient enrolled in the iCMP is assigned a specific care
management lead (e.g., a nurse for patients where multiple medi-
cal issues drive complexity, or a social worker for psychologically
complex patients). This care management lead conducts an initial
assessment, creates a care plan, and manages the patient with
the assistance of other members of the team depending on needs
they uncover. The program, established in 2006, was initially sup-
ported by the Medicare Care Management for High-Cost Benefi-
ciaries demonstration program (8). In 2012, the iCMP was
extended and expanded without significant changes to the struc-
ture throughMGB’s participation in the Pioneer Accountable Care
Organization (ACO) contract and is now seen as the main driver of
the positive performance of the multihospital system on ACO risk
contracts (8). The shared savings earned from those risk con-
tracts provide the main funding mechanism for iCMP; enrollment
is restricted to aligned beneficiaries (8).

SDoH are not systematically collected or documented as part
of routine rheumatic disease care. However, screening for SDoH-
related needs is part of the iCMP care manager’s initial assessment
for enrolled patients and was repeated as indicated, and more
recently, is encouraged at least once yearly. Care managers’ initial
high-risk assessments include both free text documentation of rea-
sons that render the patient “high risk” including living situation,
functional status and financial concerns, and a series of multiple
choice questions (see Supplementary Material 1 “High Risk Base-
line Assessment,” available on the Arthritis Care & Researchwebsite
at http://onlinelibrary.wiley.com/doi/10.1002/acr.25174/abstract).

This information, however, is not consistently available or
complete for all historically enrolled patients, is not in a location

SIGNIFICANCE & INNOVATIONS
• Through intensive chart reviews, we found a signifi-

cant burden of social determinant of health (SDoH)–
related needs, especially financial insecurity, and
transportation challenges, in a subset of patients with
rheumatic and musculoskeletal diseases enrolled in a
multihospital complex care management program.

• While nearly 50% of individuals with rheumatic con-
ditions enrolled in a complex care management
program had at least 1 documented SDoH-related
need, only 5% had an International Classification of
Diseases, Tenth Revision SDoH-related billing
(Z) code. Use of Z codes did not increase over time,
suggesting that structured claims data do not cap-
ture the burden of need.

• Therewas nearly no documentation of SDoH-related
needs by rheumatologists, suggesting that further
education of rheumatologists, and rheumatology-
based infrastructure to screen for and address these
needs, are essential.
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that is readily accessible by other providers, does not include
coded fields to facilitate structured data extraction, and at times
lacks the granular detail included in more descriptive notes.
SDoH-related details and needs uncovered during subsequent
conversations are often documented in free text notes. To under-
stand variations in documentation including but not limited to
information collected at the baseline assessment, and the preva-
lence of SDoH among individuals with the highest likelihood of
being screened in detail for SDoH needs (compared to the gen-
eral population), we included adults ≥18 years old with ≥1 ICD-9
or ICD-10 code for a systemic rheumatic condition, crystalline
arthritis, or osteoarthritis (OA) enrolled in the iCMP across MGB
between January 1, 2012 (the year the iCMP was expanded) to
October 18, 2021. To qualify for iCMP, individuals were required
to have primary care providers within the MGB system, which
ensured that they also had notes in the EHR (11).

Literature review. The study team (SNU, MTC) conducted
literature reviews through PubMed and leveraged the Unified Med-
ical Language System (UMLS), a collection of medical terms which
includes some SDoH, to expand terms from the literature review to
develop a dictionary of SDoH terms to guide in-depth EHR review.
SDoHwere defined using the categories of financial insecurity, food
insecurity, housing instability, access to transportation, education,
childcare, and access to medications. Together, the reviewers
(SNU, MTC, CHF) developed a detailed standard operating proce-
dure for the EHR review defining the date range of notes to review,
types of notes, and search terms informed by the literature review
(see Supplementary Material 2, “Search Terms from Standard
Operating Procedure,” available at http://onlinelibrary.wiley.com/
doi/10.1002/acr.25174/abstract), a prior pilot study of SDoH in a
small subset of individuals with SLE and EHR data linked to billing
claims (12), and UMLS.

SDoH data extraction: manual EHR review. Notes eli-
gible for review included text written by physicians, nurses, social
workers, psychiatrists, psychologists, dieticians/nutritionists,
pharmacists, physical therapists, rheumatologists, and other
health care professionals. Study team members (SNU, MTC,
CHF) first reviewed the same 5 charts and adjudicated discrepan-
cies. A second set of 5 charts was then reviewed, and the adjudi-
cation process was repeated. After discrepancies were
adjudicated and definitions were agreed upon, the review team
refined the systematic method for data extraction and divided
the remaining charts between reviewers with weekly meetings to
review charts together that raised questions for the primary
reviewer. For each SDoH examined in this study, reviewers
reported whether there were definite needs documented ("yes”),
documentation of no need (“no”), the possibility of a need (“possi-
ble”), or no documentation (“not mentioned”).

SDoH variables included financial insecurity, food insecurity,
housing instability, transportation, education, childcare, medication

access, and medication adherence. If an individual ever had a
description of a need, they were categorized as having that need
(“yes”), regardless of whether another note at a different time coun-
tered that narrative. Chart review was conducted during the dates
of iCMP enrollment to focus on those notes most likely to have
existing needs documented. An SDoH-related need was catego-
rized as “possible” if there was a suggestion of a need but after
comprehensive chart review by the team, a definite conclusion
could not be reached. For each chart reviewed, demographic infor-
mation was also extracted (age, gender, race, ethnicity, primary
language, primary and secondary insurance), and the rheumatic
condition.

ICD-10 Z Code identification. Z codes, introduced at the
end of 2015, with studies of uptake beginning in 2016, are a subset
of ICD-10, Clinical Modification codes used to report SDoH (7). The
MGB Research Patient Data Registry (RPDR) was used to identify
relevant ICD-10 Z codes for SDoH during the dates of iCMP enroll-
ment. RPDR is a clinical data warehouse that integrates clinical
information across the MGB health care system for research pur-
poses (13). The Z codes provided by RPDR were from claims sub-
mitted by providers within our system. While a range of SDoH Z
codes exist, we focused on those most relevant to the SDoH we
were studying (e.g., problems related to education, employment,
housing and economic circumstances, and problems related to
medical facilities and other health care) (14), and stratified by the
number of Z codes per year beginning in 2016.

Statistical analysis. Descriptive analyses were used to
examine the overall prevalence of SDoH in this population from
chart review and by Z code, and then identified SDoH were strat-
ified by rheumatic condition. We used multivariable logistic
regression including age, gender, race, ethnicity, insurance sta-
tus, and rheumatic condition to examine associations between
demographic factors and ≥1 (versus 0) SDoH-related needs
(odds ratio [OR] with 95% confidence intervals [95% CIs]). We
conducted an additional analysis removing transportation from
the outcome, recognizing that this isolated need may be distinct
from other SDoH measured. Additionally, we determined whether
ICD-10 Z codes for SDoH were documented and the distribution
of these codes over time. Analyses were conducted using SAS
version 9.4 (SAS Institute) and R version 4.2.2. P values were
2-sided, and values less than 0.05 were considered statistically
significant. This study was approved by the MGB Institutional
Review Board.

RESULTS

Among 20,395 individuals (≥18 years old) with rheumatic
conditions enrolled in MGB iCMP, we randomly selected 600 indi-
viduals for inclusion in this study. We excluded individuals
without iCMP documentation (n = 35), or a clear rheumatic or
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musculoskeletal disease diagnosis (n = 7). Among the
558 remaining individuals, the mean ± SD age was
73.7 ± 13.2 years, 62% were female, 80% were White, 9% were
Black, and 82% were non-Hispanic (Table 1). The mean ± SD
period of iCMP enrollment was 3.3 ± 2.4 years; there was no sta-
tistically significant difference in presence compared to the
absence of SDoH need documentation according to mean enroll-
ment time. There were 148 patients (27%) with a systemic
rheumatic disease, 120 (22%) with crystalline arthritis, and
290 (52%) with OA without systemic or crystalline disease
(categories are not mutually exclusive). Systemic rheumatic
conditions included RA, palindromic rheumatism, SLE, systemic
sclerosis, juvenile idiopathic arthritis, ankylosing spondylitis/
sacroiliitis, Sjögren’s/sicca syndrome, psoriatic arthritis, mixed/
undifferentiated connective tissue disease, vasculitis, sarcoidosis,
inflammatory myositis, polymyalgia rheumatica. Crystalline dis-
ease included gout and pseudogout.

Of the 558 charts reviewed, 249 (45%) had documentation
of at least 1 definite (“yes”) SDoH-related need. Overall, 171 indi-
viduals (31%) had definite evidence of financial needs, 105 (19%)
had transportation needs, 94 (17%) had food insecurity, and

30 (5%) had housing instability. Inclusive of charts that were
marked “possible,” 88% of charts (490) contained documenta-
tion indicating at least 1 yes or 1 possible SDoH-related need.
There were 126 individuals (23%) with possible evidence of finan-
cial needs, 176 (32%) with possible transportation needs,
92 (16%) with possible food insecurity, and 40 (7%) with possible
housing instability. We also stratified documentation by age
<65 years old compared to ≥65 years old and found that among
those with definite SDoH needs, 88 individuals (35%) were
<65 years old and 161 (65%) were ≥65 years old. In addition to
these SDoH-related needs, we also assessed for documentation
of education (n = 10) and childcare-related (n = 8) concerns. As
this was an older population, we found that these needs were
infrequently described and therefore they were not included in
the final models.

Prevalence of documented SDoH needs varied by rheumatic
condition (Figure 1). Among individuals with a systemic
rheumatic disease, 39 individuals (26%) had evidence of financial
insecurity, 32 (22%) had transportation needs, and 22 (15%)
had food insecurity. For individuals with OA, 98 individuals (34%)
had evidence of financial insecurity, 47 (16%) had transportation
needs, and 51 (18%) had food insecurity. Furthermore, among
individuals with a crystalline disease, 34 individuals (28%) had evi-
dence of financial insecurity, 26 (22%) had transportation needs,
and 21 (18%) had food insecurity.

We found significant heterogeneity in the descriptions and
terms used for each SDoH need in the notes. Descriptions of
financial insecurity included terms like “can’t afford,” “financial
assistance,” “limited income,” and “struggling financially.” Food
insecurity was described with terms such as “food stamps,” and
housing instability was often implied with discussions of “subsi-
dized housing.” In our patient population, transportation needs
were indicated by “PT-1,” or “The Ride,” a Massachusetts-based
public transportation service for patients with temporary or per-
manent disabilities (15). We also noted terms and descriptions
that required more context for interpretation. For example, “home
delivered meals” was often used to describe Meals on Wheels, a
service provided to seniors who experience physical declines or
financial hardship (16); however, this is not a universal term for this
service. While the terms “poor” and “poverty” are often used to
describe individuals with insufficient funds, they were more fre-
quently used in notes by physicians to describe “poor functional
status” or “poverty of speech” rather than financial insecurity,
emphasizing the importance of context alongside commonly
used terms when delineating SDoH-related needs.

Descriptions and terms were found in various structured and
unstructured note types such as telephone encounters, patient
care coordination notes, templates, discharge summaries, prog-
ress notes, and consults. Notes were written by physicians from
various fields such as rheumatology, primary care, psychiatry,
and physical rehabilitation services and by iCMP nurses, physical
therapists, occupational therapists, pharmacists, and medical

Table 1. Baseline characteristics of 558 individuals with rheumatic/
musculoskeletal conditions*

Variable Value

Age, mean ± SD 73.7 ± 13.2
Gender
Male 210 (38)
Female 348 (62)

Race
Black 50 (9)
White 449 (80)
Other/not disclosed 60 (11)

Ethnicity
Hispanic 49 (9)
Non-Hispanic 459 (82)
Other 50 (9)

Primary language
English 516 (92)
Spanish 28 (5)
Other 14 (3)

Primary insurance
Medicaid 32 (6)
Medicare 462 (83)
Commercial 39 (7)
Other 25 (4)

Rheumatic condition
Systemic rheumatic condition† 148 (27)
Crystalline disease‡ 120 (22)
Osteoarthritis 290 (52)

* Except where indicated otherwise, values are the number (%) of
patients.
† Includes rheumatoid arthritis, palindromic rheumatism, systemic
lupus erythematosus, systemic sclerosis, juvenile idiopathic arthri-
tis, ankylosing spondylitis/sacroiliitis, Sjögren’s/sicca syndrome,
psoriatic arthritis, mixed/undifferentiated connective tissue disease,
vasculitis, sarcoidosis, inflammatory myositis, and polymyalgia
rheumatica.
‡ Includes gout and pseudogout.
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assistants. Among the notes reviewed by the study team,
245 notes had evidence of financial insecurity. Ninety-five of the
notes (39%) indicating financial insecurity were recorded by an
iCMP nurse, 53 of the notes (22%) were documented by a social
worker, and only 1 note (0.4%) was written by a rheumatologist.
Most mentions of housing instability and food insecurity were sim-
ilarly included in notes written by the iCMP nurses or social
workers. For housing instability, study team members extracted
a total of 42 notes with a positive mention; 13 of the notes (31%)
were written by a social worker and 11 (26%) were written by an
iCMP nurse. For food insecurity, study team members extracted
a total of 119 with a positive mention; 51 of the notes (43%) were
written by an iCMP nurse, and 20 (17%) were written by a social
worker. There were no notes written by rheumatologists that indi-
cated housing or food needs among those patients with clear
documentation of these needs elsewhere in their charts.

In the multivariable model, the odds of having ≥1 SDoH need
was 2.45 times higher (95% CI 1.17–5.11) for Black individuals
compared to White individuals, 6.72 times higher (95% CI
2.79–16.21) for Medicaid insurance beneficiaries compared to
commercial insurance beneficiaries, 3.04 times higher (95% CI
1.32–6.97) for Medicare insurance beneficiaries compared to
commercial insurance beneficiaries, and 4.12 times higher (95%
CI 1.30–13.04) for individuals without insurance compared to
commercial insurance beneficiaries (Table 2). We did not observe
statistically significant differences by age, rheumatic condition,
gender, or ethnicity. The multivariable model without transportation
in the outcome resulted in similar findings (see Supplementary
Table 1, available at http://onlinelibrary.wiley.com/doi/10.1002/
acr.25174/abstract).

We also examined the overall prevalence of SDoH by Z code
(Table 3). Among our sample of 558 charts, we found that 26 indi-
viduals (5%) were assigned at least 1 SDoH Z code. The most fre-
quently used SDoH Z code was Z59.9, defined as “problem

related to housing and economic circumstances, unspecified.”
SDoH Z codes were also examined per year starting in 2016.
After excluding individuals who died prior to 2016 or did not have
a diagnosis or encounter code after 2016, uptake remained <5%
each year and was highest in 2019 (3.4%) (see Supplementary
Table 2, available at http://onlinelibrary.wiley.com/doi/10.1002/
acr.25174/abstract). One individual did not have an SDoH need
in the reviewed categories but was assigned a billing Z code of
Z75.8 (“other problems related to medical facilities and other

Figure 1. Percentage of individuals with social determinants of health–related needs according to rheumatic condition.

Table 2. Multivariable logistic regression model examining the odds
of ≥1 social determinants of health–related needs versus no need in
558 individuals with rheumatic/musculoskeletal conditions*

Descriptive categories Odds ratio
95% confidence

interval

Age, years 0.97† 0.95–0.98†
Rheumatic Conditions
Osteoarthritis Ref. Ref.
Systemic rheumatic disease 0.79 0.51–1.22
Crystalline arthritis 1.15 0.71–1.84

Gender
Female Ref. Ref.
Male 0.70 0.47–1.05

Race
White Ref. Ref.
Black 2.45† 1.17–5.11†
Other 0.99 0.48–2.04

Ethnicity
Non-Hispanic Ref. Ref.
Hispanic 1.67 0.77–3.65
Other 1.41 0.75–2.66

Insurance
Commercial Ref. Ref.
Medicaid 6.72† 2.79–16.21†
Medicare 3.04† 1.32–6.97†
No insurance 4.12† 1.30–13.04†

* Ref. = reference.
† Value was statistically significant.
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health care”). A secondary analysis yielded similar results when
this individual, who had no SDoH identified by manual chart
review, was reclassified as having ≥1 SDoH need in the multivari-
able model (see Supplementary Table 3, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25174/abstract).

DISCUSSION

SDoH play a central role in disparities in care and outcomes
in rheumatic and musculoskeletal conditions. Detailed chart
review in this population of medically and/or psychosocially com-
plex patients with rheumatic conditions receiving care at a multi-
hospital academic medical center uncovered documentation of
SDoH-related needs in nearly half of the charts, and when
expanded to include those with possible needs, documentation
increased to nearly 90% of the charts. The large discrepancy
between the positive and possible mentions demonstrates the
difficulty of accurately capturing information through unstructured
data. Notably, we found that SDoH documentation was often
recorded by iCMP nurses and social workers rather than by

rheumatologists, with only 1 rheumatologist’s note indicating a
financial, food, or housing-related need, considerably less fre-
quent compared to in primary care physicians’ notes. Similarly,
while 88% of the charts reviewed in this population had a definite
or possible indication of an SDoH-related need, only 5% of charts
had a related SDoH billing Z code without any significant
increases in uptake over time. Prior studies in the general popula-
tion have similarly demonstrated low uptake of Z codes to date
(17–19), although utilization overall has increased since Z codes
were implemented (7).

While the utilization of Z codes remains a promising option to
understand population-level SDoH needs, rheumatologists at our
multihospital institution are not trained or incentivized to use these
codes or to screen for these needs. Patients seen in rheumatol-
ogy who have primary care physicians within our system and
who qualified for enrollment in iCMP were screened by iCMP care
managers, and there were community resource specialists avail-
able to address the needs that were uncovered. However, both
structured SDoH needs assessments and resources to meet
these needs were not available as part of the rheumatology clinic
infrastructure, which may in part explain the absence of described
needs in rheumatology notes.

We also observed a higher prevalence of financial insecurity
compared to other SDoH-related needs. Higher SDoH-related
burden was noted among Black individuals and among individ-
uals without insurance, as well as Medicaid and Medicare benefi-
ciaries. The stark differences between racial and socioeconomic
groups support findings from prior studies (20–23) and contribute
to the underlying differences in health and health outcomes, even
more so among a population with complex care needs (24). We
found an overall higher prevalence of SDoH needs, and financial
insecurity in particular, among individuals with OA compared to
other rheumatic conditions; however, this difference was not sta-
tistically significant in adjusted analyses.

Several studies to date demonstrate the relevance of finan-
cial needs among individuals with rheumatic conditions. A 2016
study found that Medicaid patients were less likely to receive care
from a rheumatologist and more likely to have delays in care in
receiving medications, highlighting the role of socioeconomic sta-
tus (SES) in health care access (25). In another study by Callahan
et al, researchers found an association between lower individual-
and community-level SES and poor physical health outcomes,
highlighting the of role SES in disease outcomes for individuals
with arthritis (26). Additionally, for individuals with RA, low SES
has been associated with worse clinical outcomes and delays in
treatment (27). Fewer studies to date examine the burden of
financial needs, food insecurity, and transportation needs among
individuals with rheumatic conditions, and more research is
needed to demonstrate associations with medication and health
care use and outcomes.

Strengths of our study include an understanding of SDoH
documentation within EHR notes of medically and/or

Table 3. Number of individuals with an SDoH-related billing Z code
(n = 26)*

ICD-10 codes to identify SDoH
Number of individuals
with ICD-10 codes

Z55: Problems related to education
and literacy

Z55.0 Illiteracy and low-level literacy 1
Z55.9 Problems related to education
and literacy, unspecified

5

Z56: Problems related to employment
and unemployment

Z56.0 Unemployment, unspecified 6
Z59: Problems related to housing and

economic circumstances
Z59.0 Homelessness 9
Z59.1 Inadequate housing 2
Z59.4 Lack of adequate food and
safe drinking water

7

Z59.48 Other specified lack of
adequate food

2

Z59.6 Low income 1
Z59.7 Insufficient social insurance
and welfare support

4

Z59.8 Other problems related to
housing and economic
circumstances

4

Z59.9 Problem related to housing
and economic circumstances,
unspecified

10

Z75: Problems related to medical
facilities and other health care

Z75.8 Other problems related to
medical facilities and other health
care

1

* A total of 532 individuals were missing a relevant International
Classification of Diseases, Tenth Revision (ICD-10) code. SDoH =
social determinants of health.
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psychosocially complex individuals with rheumatic and musculo-
skeletal conditions. Through intensive chart reviews, we have
identified SDoH-related needs among individuals with rheumatic
conditions, the way this information is being documented, and
the providers who are recording this information. We have also
examined uptake of ICD-10 Z codes among patients with rheu-
matic conditions and identified a gap for further educational
efforts to promote greater utilization, and possibly another avenue
to understand patient needs and complexity at a population level
for individuals with rheumatic conditions. Prior studies that exam-
ine SDoH among patients with rheumatic conditions use methods
including literature reviews (28), patient questionnaires (29,30),
observational studies (31), and scoping reviews (32). However,
we aimed to examine the prevalence of various SDoH-related
needs using EHRs, which allows us to approximate real-world
data. By understanding SDoH documentation in EHR notes, we
can inform both the allocation of resources to meet these needs
and future systematic data extraction strategies.

Limitations of this study include lack of data outside of our
population cohort, as we have only analyzed individuals enrolled
in the iCMP program who may be more likely to both have higher
prevalence and documentation of SDoH-related needs com-
pared to a less complex population. Compared to a prior study
in individuals receiving rheumatic disease care within our multi-
hospital system (6), this population, on average, was about
10 years older, had a similar gender and race distribution, and
had a higher percentage of Hispanic individuals and Medicare
beneficiaries. As iCMP only requires the primary care physician
to be within the multihospital system and not the subspecialists,
there may be misclassification of rheumatic/musculoskeletal con-
ditions. Furthermore, our population was older due to Medicare
insurance-related eligibility for the original iCMP, and as such,
our findings may not represent the prevalence or distribution of
SDoH in younger populations. With the absence of systematic
screening at our institution in rheumatology clinics during the
timeframe of this study, understanding needs in this enriched
population allowed for the identification of strategies and infra-
structure for future efforts. Additionally, the Z codes examined
were limited to the billing data submitted by providers within our
multihospital health care system and do not capture information
from providers outside of our system. We do not expect that we
are missing a significant number however, as the primary care
setting would be the most likely for use of these codes, and all
patients in this cohort had their primary care team within our sys-
tem. Efforts to increase awareness of Z codes across providers at
our institution may increase their use and allow for these factors to
be better accounted for when understanding medical complexity,
resource allocation, and care utilization patterns.

Another limitation to note is that reviewing charts and labeling
them is difficult, since SDoH are, by definition, dynamic, making it
challenging to classify individuals as having or not having needs
overall rather than at specific time points. Z codes are important for

population-level data, but our chart reviews demonstrated the
importance of clinical context from narrative notes to truly under-
stand the extent of SDoH-related needs. Further, SDoH documen-
tation was infrequently structured or standardized in notes, and
differences may, in part, reflect ascertainment bias within this
academic-based complex care population. It is plausible that pro-
viders, including rheumatologists, may ask about SDoH but not rou-
tinely document them in their clinical notes. Alternatively, some
providers may not screen for these needs since their clinics may
not have the necessary tools to address them. As such,
needs may be even higher than what was uncovered in this study.
In addition, we did not examine neighborhood-level factors as our
focus was on note-based documentation of SDoH; however, future
analyses are planned to link these SDoH needs to area deprivation
indices and neighborhood environmental exposures in this
population.

This study illustrates the high burden of SDoH-related needs
among individuals with rheumatic and musculoskeletal conditions
and the importance of infrastructure to document and address
these needs. Despite the high prevalence of SDoH in this popula-
tion, in our chart review, we found only 1 note by a rheumatologist
documenting financial, food or housing-related needs, suggest-
ing that heightened awareness is needed for rheumatologists,
and infrastructure is required in rheumatology clinics to meet the
uncovered needs. Future studies should develop processes that
effectively incorporate SDoH screening and EHR documentation
into routine rheumatology care and that efficiently extract these
data, and the actions taken in response. A strategy implemented
in primary care at Boston Medical Center screened patients for
SDoH, and their responses were linked to their EHR and
incorporated into the structured data in their charts using
ICD-10 Z codes. Then, if patients requested assistance, referrals
(in the patients’ primary languages) were provided to guide them
to necessary resources (33). This strategy has the potential to be
replicated in other institutions including our own.

We encourage rheumatologists to understand their patients’
needs both biomedically and psychosocially and to advocate for
resources and referral systems within their institutions to address
these needs. In a clinical and public health sphere, SDoH informa-
tion will allow for better care access and quality, more equitable
enrollment in clinical trials, and more comprehensive research
studies that appropriately account for the key contributions of
SDoH to care utilization, medication adherence, and outcomes.
Understanding SDoH allow health care providers to provide inte-
grated care, and by connecting patients to appropriate services
to address these needs, disparities in health care access and out-
comes can be reduced (34).
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Understanding stakeholders’ perspectives to increase
COVID-19 vaccine and booster: comment on the article
by Ezeh et al

To the Editor:
We would like to share ideas on the article, Understanding

Stakeholders’ Perspectives to Increase COVID-19 Vaccine and
Booster Uptake Among Black Individuals with Rheumatic
Conditions, by Ezeh et al in a recent issue of Arthritis Care and
Research (1). Ezeh et al sought community and physician
perspectives on COVID-19 vaccination and booster hesitation,
as well as ideas to enhance vaccine uptake among Black people
with rheumatic and musculoskeletal disorders. To enhance vacci-
nation uptake among Black individuals with rheumatic illnesses,
Ezeh et al stated that initiatives should recognize and respond to
racial, ethnic, and socioeconomic inequities that cause vaccine
hesitation. According to Ezeh et al, messaging should be empa-
thetic, specifically personalized, and should acknowledge variabil-
ity in experiences and viewpoints (1).

Through interviews with community leaders and clinicians in
greater Boston and Chicago, the paper delivers an essential study
that tries to address vaccine reluctance and suggest solutions to
target high-risk populations. With a well-defined moderator guide,
a diversified sample size, and a rigorous qualitative analysis
utilizing Dedoose, the study methodology looks to be sound.
However, the study has several limitations that should be noted.
For starters, the study only included community leaders and physi-
cians from two specific geographic areas, which may not be typical
of the larger population. Second, the study focuses on COVID-19
vaccine reluctance rather than other vaccination hesitancies. As a
result, the study does not give a full assessment of vaccine appre-
hension in general. Furthermore, the study makes no mention of
the potential drawbacks of the methods chosen for distributing
vaccine-related information locally. Although overcoming vaccination
hesitation may be helped by personal storytelling combined with an
iterative and sympathetic approach, it might not be enough to dispel
deeply ingrained attitudes and mistrust of health care systems.

It is important to emphasize that programs promoting vaccine
acceptance should be praised. Concerns are voiced each time a
newCOVID-19 vaccination is created andmade available to the gen-
eral population. It should emphasize the significance of addressing
concerns and encouraging vaccine adoption among various demo-
graphics. The advice from Ezeh et al for personalized and empathic
messaging that recognizes the experiences and perspectives of
different groups match with the greater need for effective promo-
tion activities. The findings by Ezeh et al further underscore the

importance of addressing underlying social and structural issues that

contribute to vaccine hesitancy among Black people with rheumatic

disorders. The COVID-19 vaccination might induce adverse re-

sponses in the general population, and this might be the reason

some people hesitate (2). The onset of the COVID-19 outbreak, as

well as the surrounding environment, have an impact on the resis-

tance pattern (3). Because the hesitancy pattern is erratic, promo-

tions will be more or less effective. As a result, information about the

COVID-19 outbreak must be included in the study’s context. If the

pandemic’s circumstances altered, the vaccination’s acceptance

rate may or may not change. As a result, it is vital to keep the shifting

circumstances of the epidemic in mind when developing and

conducting vaccination promotion efforts. This could include cus-

tomizing messages and outreach activities to current community

concerns and needs, as well as monitoring and responding to

changes in vaccine acceptance rates.
As a result, governments and health care practitioners might

utilize this data to create targeted interventions addressing unique

concerns and barriers to immunization in diverse populations.

Furthermore, the findings emphasize the need for accurate and

trustworthy information regarding vaccines, as well as addressing

misconceptions, to promote vaccine uptake. More study is

needed to determine the generalizability of these findings to differ-

ent demographics and circumstances, as well as to uncover

effective vaccination hesitancy remedies.
It is essential to investigate how these underlying contexts

affect the situation. Future use of the identified resistance pattern

will be beneficial. If additional research is to be done, it should concen-

trate on identifying and addressing the core reasons for vaccination

reluctance, such as misinformation, mistrust, and access hurdles, as

well as designing and assessing efficient solutions to address vaccine

hesitancy in various populations and circumstances.
In conclusion, Ezeh et al investigated COVID-19 vaccination

hesitancy among Black people with rheumatic illnesses and

proposed strategies to improve vaccine uptake, such as addressing

disparities, employing individualizedmessage, and accepting various

experiences. While the methodology of the study is competent,

drawbacks include a limited geographic emphasis and an exclusive

focus onCOVID-19 vaccine hesitancy.When advocating vaccination,

the shifting circumstances of the pandemic should be considered.
Author disclosures are available at https://onlinelibrary.wiley.com/doi/

10.1002/acr.25194.
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Reply

To the Editor:
We thank Drs. Kleebayoon andWiwanitkit for your thoughtful

remarks, your perspective regarding our article Understanding
Stakeholders’ Perspectives to Increase COVID-19 Vaccine and
Booster Uptake among Black Individuals with Rheumatic
Conditions, and your positive comments related to our study
design and objectives.

In addressing your points regarding the limitations of the
study, we would like to reinforce that this article reports findings
from initial stakeholder engagement in two specific US cities that
will ultimately inform a randomized controlled trial that leverages
the Popular Opinion Leader (POL) model in those cities (1–3).
We are currently developing a curriculum to address mistrust
and misinformation guided by monthly physician/researcher and
community stakeholder meetings to incorporate ever-changing
sentiments and recommendations regarding COVID-19 vaccina-
tions and boosters.

With regard to the scope of our study, we focused specifi-
cally on COVID-19 vaccine and booster hesitancy. Certainly, while
some of the themes elucidated could be more broadly applicable
to hesitancy related to other vaccines, this extrapolation would be
out of the scope of this study and requires further investigation.
While our study is limited geographically to two US cities, this
was intentional, as our goal was to learn about the specific senti-
ments within the communities we aim to reach with our future
intervention. Further studies are needed in other communities to
appreciate the factors that contribute to COVID-19 vaccine and
booster hesitancy that may be shared, and those that may differ.
In addition, while we included two cities that have heterogenous
representations of some of the diversity among individuals of
African ancestry in the US, we explicitly acknowledge in our

manuscript that there are other viewpoints within this varied
community that are not represented in this work.

We agree that a multifaceted communication structure to
improve vaccine and booster uptake is crucial. There is growing
evidence that community engagement is critical to addressing
the specific needs of historically marginalized and stigmatized
communities (4–9). This should be in concert with global messag-
ing regarding vaccine and booster uptake, not as a substitution.
The POL model is an evidence-based social network model that
is supported by the Centers for Disease Control and Prevention
(10). This model, building on diffusion of innovation principles,
has been successfully utilized to engage community leaders to
disseminate information, change norms, and promote positive
health behaviors associated with, but not limited to, lupus, HIV,
violence prevention, concussion prevention, and organ donation
within a community (11–19). The tailored messaging endorsed
by this intervention will be community-driven to best reflect prac-
tices that key opinion leaders believe will be effective in their local
communities.

Lastly, we have structurally addressed the impact of pan-
demic evolution in our study design that began with the inter-
views that informed this manuscript. We have routine meetings
with our community partners which serve as a sustainable com-
munity engagement model to identify and address changing
perceptions regarding COVID-19 infection, vaccination, and
boosters. We have a consulting infectious disease physician on
our study team to help revise our intervention as vaccine booster
recommendations are updated. Additionally, we address both
vaccine and booster hesitancy to acknowledge the shifting focus
of communication efforts after the development of the COVID-19
vaccine boosters. The importance of this was notable as booster
hesitancy was specifically identified during conversations with
community leaders and physicians.

We thank you again for your commentary and engagement
regarding the role of community-based interventions to improve
COVID-19 vaccine and booster uptake for all. We agree that
multilevel strategies are needed at the individual, community,
national, and global level to address hesitancy and achieve equity
in preventive care and we welcome future studies that expand
upon this work.
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Factors affecting serum urate monitoring among older
adults with gout initiating urate-lowering therapy:
comment on the article by Kwok et al

To the Editor:
With great interest, we read the recent article by Kwok et al

(1), recently published in Arthritis Care & Research, investigating
factors associated with serum urate (SUA) monitoring in older per-
sons with gout who initiated urate-lowering therapy. The authors
revealed that clinicians in other specialty fields were less likely to
perform SUA tests with resulting odds ratios (ORs) ranging from
0.25 to 0.37 compared to rheumatologists. In the patient-level
factors, older people with rural residence or lower socioeconomic
status had a lower probability of SUA monitoring with ORs rang-
ing from 0.81 to 0.91 than those without it, while patients with
chronic kidney disease, hypertension, diabetes mellitus, or copre-
scription of colchicine/oral corticosteroids posed a higher fre-
quency of SUA testing with an OR of 1.31 compared to those
without (1). However, we believe there are some issues about
the potential confounding effect of unrated covariates on this
study.

Although considerable data on study participants
(e.g., age, sex, comorbidities, income, colchicine/oral corticoste-
roids prescription, laboratory tests, etc.) based on multidimen-
sional databases had been provided, the use of certain drugs
related to alleviating or deteriorating hyperuricemia was not
observed. Some drugs (such as sodium-dependent glucose
cotransporter 2 inhibitors, statins, bile acid resins, niacin,
fibrates, calcium-channel blockers, etc.) appear to have a
urate-lowering effect or a lower risk of gout flares (2−5); in con-
trast, certain medications (e.g., diuretics, beta-blockers, levo-
dopa, salicylates, especially low-dose aspirin <300 mg daily,
angiotensin-converting enzyme inhibitors, and non-losartan
angiotensin II receptor blockers) may have an increased risk of
hyperuricemia or gout attack (6−8). Additionally, other covari-
ates associated with the risk of hyperuricemia, including ethnic-
ity, diet habits, level of smoking or drinking, body mass index,
and worsening or new onset of comorbidities (8−11), were also
not evaluated. These issues could affect the research results
and need to be clarified.

Finally, we appreciate the impressive work of Kwok et al.
However, we would like to draw the reader’s attention to these
potential limitations by carefully interpreting the main findings of
this article and sincerely look forward to their response.

Author disclosures are available at https://onlinelibrary.wiley.com/doi/
10.1002/acr.25177.

Kai-Lun Sheu, MD, MSc
Chun-Chieh Chen, MD, PhD
Shiuan-Chih Chen, MD, PhD
sccy399@yahoo.com.tw
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Reply

To the Editor:
We thank Drs. K. Sheu, C. Chen, and S. Chen for their interest

in our study on the frequency of and associated patient- and
physician-level factors correlated with SUA monitoring following
urate-lowering therapy (ULT) initiation in older adults with gout (1).
They raise concerns regarding the potential confounding of
unmeasured covariates that may contribute to hyperuricemia.

We agree with Sheu et al that certain classes of medications
and other clinical parameters may influence SUA levels. However,
we wish to emphasize that the outcome of our study was focused
on quality of gout care as measured by whether patients had an
SUA test performed at an appropriate interval, rather than the
specific SUA level achieved. SUA monitoring is necessary to opti-
mize ULT management and this quality measure we assessed

(adapted from the American College of Rheumatology electronic
clinical quality measures for gout) is applicable to all gout patients
initiating ULT, irrespective of other concomitant therapies (2).
Moreover, if these additional drugs were indeed present in an indi-
vidual, one might anticipate an even higher uptake of SUA moni-
toring, which makes our study results even more concerning
from a gout quality of care perspective.

We agree that the incorporation of drug and clinical data, and
in particular pharmacological classes of medications shown to
affect SUA levels, would be critical in subsequent research on
the achievement of target SUA levels and is an area of subse-
quent inquiry for our research team. In performing such a future
study, we acknowledge that the incorporation of certain clinical
variables Sheu et al raised (that may affect SUA levels such as
body mass index) may not be possible with the inherent limita-
tions of using health administrative data.

Timothy S. H. Kwok, MD, MSc, FRCPC
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Factors affecting the risk of falling in people with knee
osteoarthritis: comment on the article by Wilfong et al

To the Editor:
We have read with interest the Canadian community-dwelling

cohort study by Wilfong et al recently published in Arthritis Care &
Research (1) investigating the risk of falls among adults with knee
osteoarthritis (OA). According to analysis of large-scale,
population-based data, Wilfong et al disclosed that people with
knee OA had a higher risk of falling and were more likely to have a
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history of falling while standing or walking indoors. However,
despite showing promising results, we believe there is a potential
effect of residual confounders in this study.

Although the authors have endeavored to adjust several
covariates, including demographic characteristics, chronic disor-
ders, and performance-related data, certain potential confound-
ers were not evaluated. These unmeasured covariates, including
the severity of chronic disorders (e.g., stage of chronic obstructive
pulmonary disease or asthma, severity of cerebrovascular dis-
eases, stage of hypertension, glycemic control status of diabetes
mellitus, severity of mood disorder, and degree of cognitive
impairment), the level of burden of composite comorbidity, nutri-
tional status, and the use of medications related to an increased
risk of falling (such as anticonvulsants, antidepressants, antipsy-
chotics, sedatives, diuretics, etc.), chronic kidney injury, conges-
tive heart failure, and severity of knee OA, would be associated
with fall risk (2–7), which could affect the research results. This
issue needs further clarification.

Finally, we appreciate the impressive work of Wilfong et al,
however, we would like to alert the reader to the potential limita-
tions of this study when reading the research results. We look for-
ward to their response.

Author disclosures are available at https://onlinelibrary.wiley.com/doi/
10.1002/acr.25182.
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Reply

To the Editor:
We thank Chen et al for their letter and interest in our work.

As is evident from the list of variables included in our regression
analyses, we did control for the presence of a list of individual
co-occurring conditions based on a review of the literature of risk
factors for falls (1). In contrast to clinical studies that usually focus
on specific aspects of a single disease, such as severity, our work
was based on a larger population-based study concerned with
overall health, capturing data across physical, mental, and social
dimensions of health and across individual, neighborhood, and
regional strata, with a broad focus on chronic conditions (2). The
severity of individual conditions was not determined as part of this
larger study and thus could not be considered in our work.

We agree with Chen et al that disease severity certainly can
be an important factor in falls, and the interpretation of findings
should consider the potential effects of varying disease severities
across individuals. Having considered the presence of a list of
individual conditions in our regression analyses, the issue
of whether the absence of data around severity of co-occurring
conditions influences the results may rest on whether, being pres-
ent, the severity of other conditions differs between those with
knee osteoarthritis (OA) and those without in our sample. Unfortu-
nately, we do not know whether this is the case, and this may
warrant further research. However, even if it is the case that
co-occurring disease severities may be greater among those with
knee OA, and this contributes to increased falls in this group, the
fact remains that for those living with knee OA, there is an
increased risk of falls. Therefore, we believe that fall prevention is
an important clinical target in those with knee OA, particularly for
those with additional risk factors for falls, as falling can cause
additional joint damage and injury.

As we note in our Methods, our cardiovascular disease vari-
able included heart disease. The heart disease question put to
survey respondents was, “Has a doctor ever told you that you
have heart disease (including congestive heart failure, or CHF)?”
Therefore, congestive heart failure was included in our study. With
regard to medication use, we note in our Methods that in
identifying the presence of diabetes mellitus, hypertension, and
depression, our definition included either a report of the disease
or a report of medication use for these conditions. Medications
used for these conditions have been shown to be associated with
fall risk and were readily available in the dataset (3–5). Chen et al
also identified chronic kidney disease as a possible confounder.
While some evidence does show an association with fall risk (6),
we had not adjusted for its presence. In the sample, 2.7% of indi-
viduals reported having kidney disease or kidney failure. There-
fore, we reanalyzed the data with the addition of kidney disease.
The results are presented below in the Table (Model 1 replicates
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what appears in the original manuscript, Model 2 additionally
includes kidney disease). Kidney disease was indeed a significant
predictor of falls (odds ratio 1.55 [95% confidence interval
1.15–2.09]). However, note that the association between knee
OA and falls was unchanged. Our conclusion, that individuals with
knee OA are at an increased risk of falls, independent of other risk
factors, remains the same.

As indicated, data on disease severity across the conditions
were not available, including for knee OA. Chen et al cite the paper
by Harris et al (7) in their letter, as did we in our manuscript (1).
Harris et al did have data on knee OA severity for their study
(as measured by Kellgren-Lawrence grading). While they did
report some degree of elevated fall risk with increasing knee OA
severity, fall risk was significant even among those with mild dis-
ease severity. As our population-based knee OA group likely
included individuals with a full range of OA severities, we concur
with the Harris et al (7) conclusion that fall prevention efforts
should focus on “all stages of KOA [knee OA] from possible to
moderate-severe.”

The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Dr. Perruccio and Ms. Wilfong’s work was supported by the Arthritis
Society Canada (grant STAR-20-0000000012 and a collaborative service
agreement, respectively).

Author disclosures are available at https://onlinelibrary.wiley.com/doi/
10.1002/acr.25191.
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Table 1. Examination of the predictors of reporting an injurious fall in the overall sample (outcome: reported fall(s) vs.
no reported fall)*

Model 1 Model 2
Model Variables Variable Category OR (95% CI) OR (95% CI)

Knee OA (ref. No) Yes 1.33 (1.14–1.56)† 1.32 (1.12–1.54)†
Age (ref. 75–85) 45–54 0.93 (0.76–1.13) 0.93 (0.76–1.15)

55–64 0.87 (0.72–1.06) 0.88 (0.73–1.07)
65–74 0.85 (0.70–1.03) 0.85 (0.70–1.03)

Sex (ref: male) Female 1.44 (1.27–1.63)† 1.44 (1.28–1.63)†
BMI (ref. underweight/normal) Overweight 0.96 (0.83–1.11) 0.97 (0.84–1.11)

Obese 0.88 (0.74–1.03) 0.87 (0.74–1.03)
Alcohol use (0–1 times/week) 6+ times/week 1.18 (1.00–1.39)† 1.19 (1.01–1.40)†

2–5 times/week 1.10 (0.96–1.25) 1.10 (0.97–1.26)
Baseline fall (ref. No) Yes 1.85 (1.50–2.26)† 1.86 (1.52–2.28)†
Knee symptoms (ref. No) Yes 1.13 (0.98–1.30) 1.13 (0.98–1.29)
Lower fracture (ref. No) Yes 1.39 (1.23–1.57)† 1.38 (1.22–1.57)†
Vision problems (ref. No) Yes 1.10 (0.89–1.36) 1.11 (0.89–1.37)
Respiratory (ref. No) Yes 1.17 (1.01–1.35)† 1.16 (1.00–1.34)†
CVD (ref. No) Yes 1.15 (0.97–1.36) 1.13 (0.95–1.34)
Urinary incontinence (ref. No) Yes 1.29 (1.06–1.56)† 1.28 (1.05–1.55)†
Neurological (ref. No) Yes 1.60 (1.15–2.22)† 1.61 (1.16–2.24)†
Diabetes mellitus (ref. No) Yes 1.05 (0.89–1.24) 1.03 (0.87–1.22)
High blood pressure (ref. No) Yes 0.97 (0.85–1.11) 0.97 (0.85–1.10)
Depression (ref. No) Yes 1.40 (1.21–1.62)† 1.40 (1.21–1.62)†
One leg balance (ref. >4.5 seconds) ≤4.5 seconds 1.34 (1.12–1.60)† 1.33 (1.11–1.59)†
TUG time (ref. <14.2 seconds) ≥14.2 seconds 1.34 (0.96–1.86) 1.33 (0.96–1.85)
Chair rise test (ref. <15.9 seconds) ≥15.9 seconds 1.09 (0.94–1.26) 1.08 (0.93–1.25)
Chronic kidney disease (ref. No) Yes – 1.55 (1.15–2.09)†

* 95% CI = 95% confidence interval; CVD = cardiovascular disease; OA = osteoarthritis; OR = odds ratio;
ref = reference; TUG = Timed-Up-and-Go.
† P < 0.05.
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Sleep-related disorders in adults with rheumatoid
arthritis: comment on article by Katz et al

To the Editor:

We read with great interest the article by Katz et al recently
published in Arthritis Care & Research (1) investigating sleep
disorders in people with rheumatoid arthritis (RA). The study
revealed that of patients with RA, 21% had a diagnosis or risk of
obstructive sleep apnea (OSA), 30% had a diagnosis or symp-
toms of restless legs syndrome (RLS), and 43% reported short
sleep (SS). An increased level of RA-related pain or Rheumatoid
Arthritis Disease Activity Index score was associated with all sleep
disorders. However, despite promising results, we would like to
address concern about the potential confounding effect of
unmeasured covariates on this study.

Several craniofacial abnormalities, including narrowing of
the lateral peritonsillar, retrognathia, tonsillar hypertrophy, micro-
gnathia, macroglossia, high-arched or narrow palate, enlarged
or elongated uvula, nasal septal deviation, and nasal polyps, can
narrow the upper airways and appear to pose an increased risk
of having OSA (2–4). About 40–60% of patients with RLS have a
family history indicating that RLS presents a high pedigree trait
(5–7). Furthermore, low iron stores in the brain that can accom-
pany reduced serum ferritin levels have shown to be associated
with the risk of RLS, especially in older people or those without a
family history of RLS (6–8). Some people with depletion of iron
stores in the brain may not cause a decrease in hemoglobin or
hematocrit levels, and those with RLS and iron deficiency would
not have been anemic (9,10). Parkinson’s disease, pregnancy,
uremia, multiple sclerosis, and spinal cord disorders have also
been reported to carry an increased risk of RLS (7,11). These
comorbidities or conditions correlated with OSA or RLS were
not evaluated in the present study, which could affect the study
results. Thus, this issue needs to be clarified.

Finally, we appreciate the impressive work of Katz et al.
Because there was limited information based on self-report data
in this study, we fear the potential confounding effect could not
be fully unraveled. Therefore, we would like to draw the reader’s
attention to the potential limitations in interpreting the important
findings of this study.

Author disclosures are available at https://onlinelibrary.wiley.com/doi/
10.1002/acr.25183.
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Reply

To the Editor:

We thank Chen et al for their careful attention to our article,
Sleep Disorders Among Individuals With Rheumatoid Arthritis
(1,2). We agree there are covariates that may affect the presence
of sleep disorders for which we were unable to account.

While these conditions may contribute to the underlying
cause of sleep disorders, two questions regarding the high preva-
lence of sleep disorders among this cohort of individuals with
RA are relevant: Are these risk factors more common among indi-
viduals with RA? Do these additional risks factors mitigate the
importance of our findings?

Some risk factors described are indeed more common in indi-
viduals with RA or inflammatory arthritis. For example, as Chen et al
mention, craniofacial abnormalities may create a structural risk for
OSA, a risk that may be particularly relevant to adults who had
juvenile-onset inflammatory arthritis (3). Higher rates of iron deficiency
have been shown in adults with RA (4,5). Use of glucocorticoids may
predispose to the onset of diabetes mellitus (6), which may lead to
neuropathy, another risk factor for RLS (7). It appears, then, that at
least some of the additional factors associated with sleep disorders
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are more common among people with RA. It is possible, perhaps
even likely, that we would have noted the associations of these addi-
tional factors with the presence of OSA and RLS if we had been able
to include them in our analyses.

However, the greater presence of these risk factors makes it
even more critical to consider sleep disorders in RA. In addition to
the risks of sleep disorders that may be conferred by RA disease
activity, inflammation, and pain, a greater prevalence of additional
risk factors for sleep disorders should increase attention to these
conditions that can have serious impacts on health and well-being.

Again, we thank Chen and colleagues for raising these
important points and hope our findings will stimulate further
research into the prevalence, risk, and impact of sleep disorders
in RA and other rheumatic and autoimmune conditions.
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Consensus and agreements on the sonographic
definitions of pediatric tenosynovitis: comment on the
article by Collado et al

To the Editor:
We read with great interest the article by Collado et al

recently published in Arthritis Care & Research (1), in which the

authors developed a consensus among experts on the sono-
graphic definitions of pediatric tenosynovitis using Delphi tech-
niques. The article revealed the experts in Step 1 achieved
strong group agreement (>86%) for definitions of tenosynovitis in
children following the fashion of adult definitions. The final defini-
tions were reached and validated for all tendons, except biceps
tenosynovitis in children ages <4 years, after a 4-round process
in Step 2. Despite encouraging results, as far as we are con-
cerned, some methodologic issues remain.

First, since information about affiliated institutions (or coun-
tries) and academic years (or specialty seniority) of the 28 panel
participants in Step 1 and 16 panel participants in Step 2 was
not available in this study, the representatives of specializations
cannot be fully understood. This could affect the construct validity
of the expert panel in the Delphi consensus process.

Second, there was an apparent decrease in the number of
participants on the expert panel from Step 1 (28) to Step 2 (16),
implying that the coverage of the specializations in the panel par-
ticipants may decrease in the consensus process. Therefore, the
increased attrition over the subsequent step could affect the gen-
eralizability of the study results.

Third, the consensus process for this study appeared to
have been implemented in a non-anonymous manner, and this
may be an issue. In the Delphi approach, participants can be
apprised of the responses of the other anonymous participants,
having the voices of broadly gathering judgments and statements
to be expressed rather than those of the few. The anonymity of
the participants prevents the unnecessary influence of others
who may be regarded as an expert who may be more knowl-
edgeable than them. However, the process of consensus without
anonymity can make them prone to the illusion of consensus, thus
resulting in response bias (2–7). This issue requires further
clarification.

Finally, we acclaim the hard work of Collado et al, meanwhile,
we would like to inform readers of the potential limitations in
expounding these research results. We look forward to a
response.
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Reply

To the Editor:
We thank Chen et al for their interest in our article, and the

possibility to clarify some important methodologic aspects men-
tioned (1). The authors raise a question about the methodology
described in the Delphi consensus process, particularly about
the number of participants and the blinded response to the
questions.

The study was conducted following the Outcome Measures
in Rheumatology (OMERACT) stepwise approach for selecting
and developing an outcome measurement instrument based on
imaging (2). The authors comment on the scarcity of information
about the panel participants. They are right. We did not include
detailed information because we assume the reader is aware of
the OMERACT Ultrasound Working Group (US WG).

The OMERACT USWGwas established in 2004, with the aim
to validate US-based outcomemeasurement instruments for rheu-
matic diseases (2). The participants in both steps are members of
OMERACT US WG who work with US and have skill and knowl-
edge about the topic of concern: tenosynovitis detected by
US. They are health care professionals who perform pediatric US
scans. Additionally, most have worked on several OMERACT stud-
ies, including the Delphi process applied to imaging instruments
and patient reporting outcomes (3–4).

In regard to the decreasing number of participants, we would
like to draw the reader’s attention to the section “Consensus
process,” which included two steps. The aim of step 1 was to
develop definitions. Based on the information obtained from the
systematic review of the literature, the preliminary proposal was
to assess whether the consensus definitions developed in adults
with rheumatoid arthritis would be appropriate for children with
juvenile idiopathic arthritis, rather than to develop new definitions.

The aim of step 2 was to validate the applicability of US teno-
synovitis images obtained by US examination of children. There-
fore, the typical Delphi method format is applied from step 2 (5).
For step 2, expert recruitment was crucial because the process
is strengthened by the commitment of the participants (6). There-
fore, the number of participants decreased in step 2, because
only the participants who declared interest in actively participating
into the acquisition of standardized US images were included.
There is no clear agreement on the optimal panel size and, so
far, published studies show variable panel sizes (5).

We preferred to use the Delphi technique instead of the
Nominal group technique as a consensus method to retain partic-
ipant anonymity. Participant responses to the Delphi question-
naire were anonymous. After each iteration, participants received
feedback in the form of a numeric level of agreement and a list of
free-text comments.

We thank the authors for allowing us to reply and hope we
have resolved their doubts about the methodology of our study.
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