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Parent-Reported Medication Side Effects and Their Impact
on Health-Related Quality of Life in Children With Juvenile
Idiopathic Arthritis

Gaëlle Chédeville,1 Katherine McGuire,2 David A. Cabral,3 Natalie J. Shiff,4 Dax G. Rumsey,5

Jean-Philippe Proulx-Gauthier,6 Heinrike Schmeling,7 Roberta A. Berard,8 Michelle Batthish,9

Gordon Soon,10 Kerstin Gerhold,11 Tommy Gerschman,3 Alessandra Bruns,12 Ciaran M. Duffy,13 Lori B. Tucker,3

and Jaime Guzman,3 on behalf of the CAPRI Registry Investigators

Objective. To describe the frequency and severity of parent-reported medication side effects (SEs) in children with
juvenile idiopathic arthritis (JIA) relative to physician-reported actionable adverse events (AEs), and to assess their
impact on health-related quality of life (HRQoL).

Methods. Newly diagnosed JIA patients recruited between 2017 and 2019 to the Canadian Alliance of Pediatric
Rheumatology Investigators (CAPRI) Registry were included. Parents reported presence and severity (0 = no problem,
10 = very severe) of medication SEs at every clinic visit. Physicians were asked to report any actionable AE. HRQoL
was assessed using the Quality of My Life (QoML) questionnaire (0 = the worst, 10 = the best) and parent’s global
assessment (0 = very well, 10 = very poor). Analyses included proportion of visits with SEs or actionable AEs,
cumulative incidence by Kaplan-Meier methods, and HRQoL impact measured with longitudinal mixed-effects models.

Results. SEs were reported at 371 of 884 (42%) visits (95% confidence interval [95% CI] 39, 45%) in 249 patients,
with a median of 2 SEs per visit (interquartile range [IQR] 1–3), and median severity of 3 (IQR 1.5–5). Most SEs were
gastrointestinal (32.5% of visits) or behavioral/psychiatric (22.4%). SE frequency was lowest with nonsteroidal antiin-
flammatory drugs alone (34.7%) and highest with prednisone and methotrexate combinations (66%). SE cumulative
incidence was 67% (95% CI 59, 75) within 1 year of diagnosis, and 36% (95% CI 28, 44) for actionable AEs. Parent
global and QoML scores were worse with SEs present; the impact persisted after adjusting for pain and number of
active joints.

Conclusion. Parents report that two-thirds of children with JIA experience SEs impacting their HRQoL within
1 year of diagnosis. SE mitigation strategies are needed in managing JIA.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is the most common chronic

rheumatic disease of childhood and affects ~1 in 1,000 children

(1). One or moremedications are often necessary to control disease

symptoms and prevent long-term damage. Medication side effects

(SEs) are a concern for parents and physicians and may impact

adherence to treatment and health-related quality of life (HRQoL) (2).
While physician-reported adverse events (AEs) are com-

monly captured in clinical trials and drug registries, there has been

little systematic study of parent perceptions of the frequency and

severity of SE in JIA and their impact on quality of life (3), with the
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exception of the well-known nausea and vomiting associated with
methotrexate (MTX) (4). Recently, the parent/patient perspective
has been emphasized with the development of patient-reported
outcomes; experience with medications is included among the
different domains that are assessed (5–7). Two well-known juve-
nile arthritis questionnaires, the Juvenile Arthritis Quality of Life
Questionnaire (JAQQ) (8) and the Juvenile Arthritis Multidimen-
sional Assessment Report (JAMAR) (9), include lists of SEs
reported by patients and parents, but to date, no systematic
analysis of reported SEs has been published.

The aim of this study was to describe parent-perceived SEs
associated with all antirheumatic treatments prescribed in a
Canadian inception cohort of children with JIA, with 2 specific
objectives: 1) to describe the frequency and severity of parent-
reported medication SEs relative to physician-reported actionable
AEs; and 2) to assess the association of parent-reported SEs with
HRQoL.

MATERIALS AND METHODS

Data from the Canadian Alliance of Pediatric Rheumatology
Investigators (CAPRI) JIA Registry were used in this study (10).
Recruitment into the registry began in February 2017. Children
were enrolled within 3 months of JIA diagnosis at 1 of 14 partici-
pating sites, each of which obtained local ethics board approval.

Core data are collected for the Registry at every clinic visit by
parents, patients, and physicians, including information on dis-
ease activity, treatments, physician-reported actionable AEs,
parent-reported medication SEs, disease outcomes, and quality
of life (10). There are no arbitrarily fixed study visit intervals to enter
the information in the Registry. For the purpose of this study, data
were extracted in May 2019 and focused on questions related to
medications and HRQoL.

SEs. At every visit, parents were asked the following: 1) Is
your child taking any medication for his/her arthritis? 2) If yes, is
your child having any SEs from medications taken for his/her

arthritis? 3) If yes, parents selected SEs from a 17-item list and
could add any additional SEs that were not listed (see Supple-
mentary Appendix A, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24610).
This list was created based on the questions about SEs from
2 validated questionnaires (the JAQQ and JAMAR) (8,11) plus
2 additional items often raised by parents in clinic (infections and
poor attention). Parents were also asked to rate on a 21-point
horizontal numerical scale 4) How difficult or bothersome is it for
your child to take their arthritis medication (by mouth or injection)
(0 = no problem, 10 = very bothersome)?; and 5) Overall, what is
the severity of the SEs your child has from medication taken for
arthritis (0 = no problem, 10 = very severe)?

AEs. At every visit, physicians were asked if the patient had
any actionable AEs since their last visit. An actionable AE was
defined as any untoward medical occurrence that requires addi-
tional medical visits, investigations, treatments, or a change in
arthritis medications, irrespective of its cause. If yes, AEs were
selected from an 18-item list, and any not listed could be added
(see Supplementary Appendix A, available at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24610). The AE items listed incorpo-
rated those from the German Biologics in Pediatric Rheumatology
(BIKER) registry (12) and the Childhood Arthritis and Rheumatol-
ogy Research Alliance (CARRA) registry (13). The physician was
also asked to report what actions were taken and if the AE was
serious, defined as any AE that resulted in death, was life threat-
ening, required hospitalization (admission for overnight stay), or
resulted in a significant disability or a congenital anomaly, or if it
was an AE that required medical or surgical intervention to pre-
vent death, significant disability, or a congenital anomaly. The
CAPRI Registry does not collect information on AEs that are not
actionable.

Quality of life. HRQoL was assessed by the child at every
visit using the Quality of My Life questionnaire (QoML) (14) if the
child was old enough to answer the questions according to the
parent, usually ≥6 years. The question of interest was, “Consider-
ing my HEALTH, my life is…”; the answer was rated on a 21-point
horizontal numerical scale from 0 = the worst to 10 = the best. We
also used the parent’s global assessment (15) as a measure of
the parent’s perception of the child’s HRQoL: “Considering all
the ways that arthritis affects your child, please rate how your
child is doing over the PAST WEEK”; the response was noted
on a 21-point horizontal numerical rating scale from 0 = very well
to 10 = very poor.

Statistical analysis. All analyses were done with Stata,
version 12. Descriptive statistics included the median, inter-
quartile range (IQR), and proportions. The frequency of SEs was
calculated as the number of visits at which SEs were reported,
divided by the total number of visits observed in the cohort. Using

SIGNIFICANCE & INNOVATIONS
• Physician-reported adverse events are commonly

captured in clinical trials and drug registries, but
adherence and quality of life are likely directly influ-
enced by parents’ perceptions of medication side
effects.

• Parent-reported medication side effects were pres-
ent in two-thirds of children with juvenile idiopathic
arthritis within 1 year of diagnosis.

• Most side effects were gastrointestinal or behav-
ioral and of mild-to-moderate severity.

• Reported side effects were associated with decreased
quality of life, independent of pain scores and the
number of active joints.
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this global denominator provides a measure of the overall burden
of SEs in the cohort and comparable metrics across all SEs. It
also avoids ambiguity because in some visits, physicians and
parents disagreed as to whether the child was receiving anti-
rheumatic medications (perhaps the patient was not taking pre-
scribed treatments, or the parents were providing treatments
they considered antirheumatic but were not prescribed by their
rheumatologist). For comparisons of frequency of SEs across
different medication regimens, the denominator was the total
number of visits at which that regimen was reported by the rheu-
matologist, and P values were calculated with the chi-square test.
Calculation of SE incidence as SEs per 100 patient-years of
observation was not done because SEs often persisted from
one visit to the next, and some patients reported multiple SEs.
Instead, Kaplan-Meier survival methods were used to estimate
the cumulative incidence of parent-reported SEs and physician-
reported actionable AEs. Longitudinal mixed-effects models were
used to assess the impact of SE severity on QoML and parent
global scores before and after adjusting for pain severity and the
number of active joints. All variables were modeled as time-varying,

and models included a quadratic term for time, as recommended
by Rabe-Hesketh and Skrondal (16).

Data availability. The data underlying this article are avail-
able by contacting the authors. Access to unpublished CAPRI JIA
registry data may be granted to other investigators provided that
1) they collaborate in a team that includes at least 1 CAPRI JIA
registry investigator, and 2) their research protocol is approved

Table 1. Characteristics of patients included in the study (n = 249)*

Characteristic Value

Age, years 7.9 (3.4, 12.6)
Female, % 60
Weeks from diagnosis to enrollment 4 (0, 8.6)
Disease duration at baseline, weeks 22.6 (12.9, 39.4)
JIA category, no. (%)
Oligoarthritis 108 (43.4)
Polyarthritis rheumatoid factor negative 46 (18.5)
Enthesitis-related arthritis 40 (16.1)
Psoriatic arthritis 14 (5.6)
Systemic arthritis 14 (5.6)
Undifferentiated arthritis 14 (5.6)
Polyarthritis rheumatoid factor positive 7 (2.8)
Missing 6 (2.4)

Physician global assessment at baseline 3 (1.5, 4.25)
Active joint count at baseline 2 (1, 4)
Parent global assessment at baseline 1.5 (0, 4)
QoML score at baseline (n = 160)† 7.5 (5, 9)
Medications, calculated per visit, no. (%)
Total visits 884 (100)
No medications 132 (14.9)
Naproxen 453 (51.2)
Other NSAID 102 (11.5)
Methotrexate oral 187 (21.2)
Methotrexate subcutaneous 176 (19.9)
Other DMARD 21 (2.4)
Prednisone 94 (10.6)
Other glucocorticoid 4 (0.5)
Biologic 104 (11.8)
Ocular glucocorticoid 24 (2.7)

* Values are the median (25th, 75th percentiles) unless indicated
otherwise. DMARD = disease-modifying antirheumatic drug;
JIA = juvenile idiopathic arthritis; NSAID = nonsteroidal antiinflam-
matory drug; QoML = Quality of My Life.
† The QoML score was available for children who were old enough
to complete the questionnaire at the parent’s discretion, usually
≥6 years.

Table 2. Frequency of parent-reported side effects (SEs) and
physician-reported actionable adverse events (AEs)*

SEs grouped by system

Parent-
reported
medication

SEs

Physician-
reported
actionable

AEs

At least 1 GI symptom 287 (32.5) 69 (7.8)
Abdominal pain 117 (13.2) 15 (1.7)
Loss of appetite 106 (12.0) 2 (0.2)
Nausea 93 (10.5) 45 (5.1)
Constipation 55 (6.2) 1 (0.1)
Mouth sores 46 (5.2) 2 (0.2)
Weight gain 43 (4.9) –

Diarrhea 34 (3.8) 2 (0.1)
Heartburn 27 (3.1) –

Blood in stool 6 (0.7) 6 (0.7)
Increase of appetite 1 (0.1) –

Weight loss 1 (0.1) –

IBD – 1 (0.1)
At least 1 behavioral symptom 198 (22.4) 7 (0.8)
Mood changes 108 (12.2) 1 (0.1)
Sleep problems 73 (8.3) –

Headaches 54 (6.1) –

Tired, fatigue 24 (2.7) 1 (0.1)
Poor attention 16 (1.8) –

Lightheaded or dizzy 3 (0.3) 3 (0.3)
Anxiety 2 (0.2) –

Depression 1 (0.1) 1 (0.1)
Fidgeting 1 (0.1) –

Irritable 1 (0.1) 1 (0.1)
At least 1 skin disorder 70 (7.9) 17 (1.9)
Rash or hives 33 (3.7) 10 (1.1)
Injection reaction 25 (2.8) 3 (0.3)
Facial edema 5 (0.6) 2 (0.2)
Dry skin 4 (0.5) –

Hair loss 4 (0.5) 1 (0.1)
Excess hair growth 3 (0.3) –

Stretch mark 1 (0.1) –

Photosensitivity 1 (0.1) –

Acne 1 (0.1) –

Ecchymosis 1 (0.1) –

Pseudoporphyria – 1 (0.1)
SC atrophy after joint injection – 1 (0.1)

Infections 14 (1.5) 6 (0.7)
Other 8 (0.9)† 21 (2.4)‡

* Values are the no. (%) of total visits. GI = gastrointestinal; IBD =
inflammatory bowel disease; SC = subcutaneous.
† Other SEs included dark or blood-tinged urine in 2 visits and 1
each of the following: aches, heavy periods, nose bleeds, urinary
incontinence, hand tremors, and excessive salivation.
‡ Other AEs included 12 abnormal bloodwork results, 4 infusion
reactions, 2 dyspnea episodes, 1 adrenal suppression episode after
glucocorticoid joint injection, 1 epistaxis, and 1 joint surgery.

MEDICATION SIDE EFFECTS AND HRQoL IN JIA 1569



by the Canadian Alliance of Pediatric Rheumatology Investigators
Scientific Protocol Evaluating Committee. For more details, con-
tact Dr. Jaime Guzman at jguzman@cw.bc.ca.

RESULTS

As of May 2019, 975 visits in 275 newly diagnosed patients
were available in the CAPRI Registry. Eleven visits (1.1%) were
excluded due to missing diagnosis date, 14 visits (1.4%) due to
missing physician data, and 66 visits (6.8%) due to missing parent
data. The remaining 884 visits (90.5%) from 249 patients were
included in the analysis. The characteristics of included patients
are shown in Table 1.

SEs and actionable AEs. Parents reported at least 1 medi-
cation SE in 371 of 884 visits (42%) (95% confidence interval
[95% CI] 39, 45), with a median of 2 SEs per visit (IQR 1–3).
Table 2 reports the frequency of different types of SE and the fre-
quency of physician-reported actionable AEs. The most frequent
SEs were gastrointestinal (GI) (32.5% of 884 visits) and behav-
ioral/psychiatric symptoms (22.4% of 884 visits). Physicians
reported at least 1 actionable AE at 112 of 884 visits (12.7%).
Eighty-nine visits had both a physician-reported actionable AE
and a parent-reported SE. In total, 9 actionable AEs were consid-
ered serious: 3 infections with hospitalization, and 1 each of nau-
sea/vomiting, adrenal suppression, inflammatory bowel disease,
GI bleed, facial edema, and epistaxis.

Figure 1 contrasts the cumulative incidence of SEs and
actionable AEs. Within the first year of diagnosis, the proportion

Figure 1. Cumulative incidence of parent-reported side effects (A)
and physician-reported actionable adverse events (B) calculated with
Kaplan-Meier methods. The shaded area is the 95% confidence
interval.

Figure 2. Cumulative incidence of parent-reported gastrointestinal (GI) side effects (A), physician-reported actionable GI adverse events (B),
parent-reported behavioral side effects (C), and physician-reported actionable behavioral adverse events (D) calculated with Kaplan-Meier
methods. The shaded area is the 95% confidence interval.
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of parents reporting at least 1 SE was 67% (95% CI 59, 75), and
the proportion of physicians reporting at least 1 actionable AE
was 36% (95% CI 28, 44). Cumulative incidence of GI and behav-
ioral effects is shown in Figure 2. For behavioral/psychiatric symp-
toms, the cumulative incidence was 51% for SEs, and only 4% for
actionable AEs.

Table 3 reports the frequency and severity of SEs and diffi-
culty in taking medications according to the drug regimen pre-
scribed. The median severity of all reported SEs was 3 (IQR 1.5–5).
At more than one-half of the visits (58.4%), the severity of SEs
was rated ≤3 and in 83.8% was rated ≤5. Of note, in 15 visits,
the SE had negligible severity, rated as 0. The frequency of SE
was 35% with nonsteroidal antiinflammatory drug (NSAID) mono-
therapy, 59% with MTX monotherapy, and 66% with prednisone
and MTX combinations (P < 0.001 by chi-square for differences
across regimens). However, the median severity was similar

across regimens. There was no significant difference in frequency
of SEs according to the route of MTX (oral versus subcutaneous)
(Table 3).

The overall median difficulty in taking medications was 2 (IQR
0–5); 2.5 (IQR 0–6) in the presence of SE, and 1.0 (IQR 0–3.5) if no
SE was present. It varied across medication regimens, from 1 in
patients taking NSAIDs only to 6 in patients taking biologics and
MTX. Regimens including medications given by injection had
higher difficulty scores (Table 3).

Quality of life. HRQoL was evaluated by parents using the
parent global assessment and by children using the QoML. The
median parent global assessment was 2.0 (IQR 0.5–5) in the
presence of SEs and 0.5 (IQR 0–2) if no SE was present. The par-
ent global assessment was higher (worse) with more severe SEs,
a median of 4 (IQR 1.5–6.5) if SE severity was >3 compared to 1.5

Table 3. Frequency and severity of parent-reported side effects (SEs) for the most common drug regimens*

Medication regimen†
No. of visits/no.
of patients‡

SE frequency no. (%)
of visits SE severity

Difficulty taking
medication

NSAID only 314/148 109 (34.7) 2.5 (1.5–4.0) 1 (0–5)
MTX only 98/54 58 (59.2) 2 (1–4) 2 (0–5)
NSAID plus MTX 147/75 79 (53.7) 3 (2–5) 3.75 (2.0–6.5)
Prednisone plus MTX
± other

50/27 33 (66) 3.5 (1–5) 4 (0.5–7.5)

Biologic only 10/6 3 (30) 2 (0.5–3.0) 2 (1–8)
Biologic plus NSAID 6/3 4 (66.7) 3.75 (2.0–5.25) 5.25 (1–7)
Biologic plus MTX 31/15 11 (35.5) 3 (1–5) 4.5 (2.5–6.0)
Biologic plus
MTX ± other

72/26 35 (48.6) 3.5 (1–5) 6 (3.0–7.5)

MTX oral versus
subcutaneous

NSAID plus oral MTX 82/45 39 (49) 3 (2–4) 3 (0.5–5.0)
NSAID plus
subcutaneous
MTX

65/37 39 (60) 3.5 (1.5–5.0) 5 (3–7)

Oral MTX 50/29 28 (56) 2.75 (1.5–4.2) 1.7 (0–6)
Subcutaneous MTX 48/28 30 (63) 2 (1–4) 2 (0–5)

* Values are the median (interquartile range) unless indicated otherwise. MTX = methotrexate; NSAID = nonsteroidal
antiinflammatory drug.
† Any of these regimens could be accompanied by intraarticular glucocorticoid injections.
‡ The no. of patients adds to more than the total number of patients in the cohort because patients can have one
medication regimen at one visit and another at a subsequent visit.

Table 4. Selected factors influencing health-related quality of life according to mixed-effects models*

Variable

Impact on parent global assessment Impact on Quality of My Life scale

Unadjusted β
coefficient

Adjusted β
coefficient

Unadjusted β
coefficient

Adjusted β
coefficient

(95% CI) P (95% CI) (n = 817) P (95% CI) P (95% CI) (n = 534) P

Severity of SE 0.356 <0.001 0.185 <0.001 –0.186 <0.001 –0.087 0.03
(0.280, 0.431) (0.125, 0.245) (–0.269, –0.102) (–0.164, –0.010)

Pain 0.635 <0.001 0.577 <0.001 –0.327 <0.001 –0.284 <0.001
(0.587, 0.684) (0.526, 0.627) (–0.387, –0.268) (–0.345, –0.222)

No. of active
joints

0.141 <0.001 0.051 <0.001 –0.106 <0.001 –0.064 <0.001
(0.107, 0.175) (0.025, 0.078) (–0.140, –0.073) (–0.096, –0.032)

* Unadjusted β coefficients are frommodels including only the variable of interest. Adjusted β coefficients are frommodels including all 3 vari-
ables at once. 95% CI = 95% confidence interval; SE = side effect.
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(IQR 0–3) if SE severity was ≤3. The median QoML score was
7 (IQR 5–8.5) when SEs were present and 8 (IQR 6.5–9.5) if no
SE was present. The QoML score was lower (worse) in the pres-
ence of more severe SEs, with a median of 6 (IQR 4.7–8.2) if SE
severity was >3 compared to 7.5 (IQR 5.5–9) if severity was ≤3.

Longitudinal mixed-effects models showed that SE severity
had a measurable impact on HRQoL even after adjusting for pain
scores and the number of active joints (Table 4). Pain had the larg-
est impact on HRQoL in adjusted analyses, with a β coefficient of
0.577 for the parent global assessment and of –0.284 for QoML.
In other words, a 1-unit increment in the 0–10 pain scale corre-
sponded to a 0.577-unit increase in the parent global assessment
and a 0.284-unit decrease in the QoML score. SE severity had a β
coefficient for the parent global assessment of 0.185, and for
QoML score, a β coefficient of –0.087, numerically larger than
the impact of the number of active joints (0.051 and –0.064,
respectively) (Table 4).

DISCUSSION

In this study, we report the perspective of parents concern-
ing SEs of antirheumatic medications taken by their children for
the treatment of JIA. In two-thirds of children with JIA, parents
reported at least 1 SE within 1 year of diagnosis. Children
reported by parents to have SEs had impaired quality of life, inde-
pendent of JIA-related pain scores or the number of active joints.
While most pediatric rheumatologists are aware of difficulties that
parents face giving medications, we believe that this is the first
systematic study of parent-reported SEs associated with all anti-
rheumatic medications used in a modern inception cohort of
children with JIA.

We found a high frequency of parent-reported medication
SEs (42% of visits), and the risk of developing at least 1 SE during
the first year after diagnosis was 67%.These frequency and inci-
dence estimates cannot be directly compared to the rates of
physician-reported actionable AEs, but their side-by-side analysis
helps put SEs in perspective and offers interesting insights. Par-
ents and physicians were provided different lists to choose from
(see Supplementary Appendix A, available at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24610), with the parent’s list empha-
sizing symptoms using lay language and recording all levels of
severity, while physicians were instructed to report only AEs
selected from the list that required an action to be taken. Some
of the SEs were mild and may have been deemed not to require
action by both parents and physicians and therefore would have
been recorded by the parent as an SE but not by the physician
as an actionable AE. Other SEs may have been unknown to the
physician, even though we encouraged sharing of the parents’
list. There was a higher frequency of SEs while receiving MTX,
which reflects the well-known SEs of this medication (2,4). It is
important to underline that NSAID monotherapy also had a high
frequency of SEs.

In our study, the most frequent GI SEs reported by parents
were abdominal pain, poor appetite, and nausea. With MTX, it is
well-known that parent-reported nausea, vomiting, and behav-
ioral difficulties occur in approximately one-half of children and
impact quality of life (4,17). A MTX Intolerance Severity Score to
measure MTX intolerance has been validated (18), and models
to predict intolerance have been published (19). A more general
questionnaire, Gastrointestinal Symptom Scale for Kids (GISSK),
was developed by Brunner et al in a convenience sample of chil-
dren with JIA receiving second-line agents (20). It includes a visual
analog scale to assess severity similar to the one used in our
study, but with a different anchor (severe stomach problems).
Although 58% of parents in their study reported some GI symp-
toms, the median severity was low (6 of 100). Several randomized
trials of NSAIDs have reported GI AEs in children with JIA. Foeld-
vari et al reported a 36.1% frequency of GI AEs with naproxen at
7.5 mg/kg twice a day for 12 weeks (21). Ruperto et al reported
32% with naproxen at 5 mg/kg twice a day in a 1-year trial (22),
and Lovell et al reported 37% with different doses of naproxen/
esomeprazole combinations for up to 6 months (23). These rates
are comparable to our 34.7% frequency of parent-perceived GI
SEs with NSAID monotherapy (mostly naproxen).

Behavioral/psychiatric SEs in children with JIA have not
been well characterized in the literature but had a remarkably
high incidence in our study, with an estimated 50% of parents
reporting symptoms of mood change, sleep problems, or head-
ache in their children at least once during the first year after
diagnosis. Headaches have been reported by physicians in 6–
15% of children with JIA receiving naproxen in the above-
mentioned trials (18–20) and were reported by parents in 6%
of visits in our study. Without a control group of age- and sex-
matched children as a comparison, it is difficult to know what
the general background report for these symptoms might be,
but parents in our study clearly attributed them to the antirheu-
matic medications.

Some of these GI and behavioral SEs could be the result of
nocebo effects (24,25). As an example, in placebo-controlled
trials of NSAIDs for the control of migraine, patients receiving
placebo often reported GI and behavioral symptoms, and further-
more, studies that use structured lists to elicit SEs also report
higher frequencies of SEs (26). On the other hand, we should be
cautious of dismissing parent reports as nocebo effects without
further evidence. Even if the nocebo effect plays a role in these
reports, we can see that parent-perceived SEs in their children
clearly impacted HRQoL, likely influencing parents’ choices about
treatment and adherence to treatment.

Strategies to mitigate SEs are needed, but it is not clear what
those strategies should be. Trials with cyclooxygenase 2 inhibitors
and combinations of NSAIDs with proton-pump inhibitors (PPI)
have not been very encouraging to date (18–20), and these drugs
(PPI) are unlikely to have much impact on behavioral/psychiatric
symptoms. As for MTX, possibilities such as adding ondansetron
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and cognitive behavioral therapies have been reported with mixed
results (17).

HRQoL is an important outcome of the care that we provide
to our patients with JIA. When looking at the presence of SEs
and their severity, we can note a clear impact on HRQoL. The
lowered HRQoL of JIA patients has been previously established
(2,27,28), and our study suggests that SEs play a role in this low-
ered HRQoL. Brunner et al showed that patients with a GISSK
score of ≥2 had a significantly lower HRQoL than others without
GI symptoms but similar disease activity (20). In their cohort of
JIA patients, Weitzman et al enrolled 180 parent–patient dyads
to complete patient-reported outcomes during routine care. They
reported that measures of disease and treatment burden were
independently negatively associated with HRQoL (2). These data,
connecting medication issues to low HRQoL, are important infor-
mation for physicians treating children with JIA if we want to
improve the lives of our patients. The tradeoff between pain con-
trol and improved function versus SEs is a well-known struggle
for physicians and parents alike, and we should continue to study
patients’ perceptions to include this vital data in our decision-
making. In concordance with our finding that pain has the largest
effect on a patient’s quality of life, a study by Burnett et al sug-
gested that parents value a medication’s effectiveness at control-
ling pain and improving function more highly than the possibility of
negative SEs (29).

Similar to what we observed in our JIA population, Cooper
et al reported a high prevalence of patient-reported SEs, contrast-
ing with low clinician estimates of SEs in a cross-sectional study of
adults with asthma (30). They also noted that a greater number of
SEs were associated with nonadherence to oral steroids, which
we did not specifically assess in our study. Similar findings were
also reported for adults with rheumatic diseases enrolled in the
German RABBIT (Rheumatoide Arthritis: Beobachtung der
Biologika-Therapie) registry (31). There was good agreement for
easily observable, objective medication SEs between patients
and physicians, but the agreement was low for more subjective
SEs that could have an impact on quality of life.

When evaluating the negative experiences of JIA patients
with medications in clinical trials or registries, it is likely not suffi-
cient to consider physician-reported AEs alone, as the frequency
of negative events appears to be underestimated when com-
pared to parent-reported SEs. Over the past years, the impor-
tance of including patient-reported outcomes has been
increasingly recognized, and these measures are now part of
most registries; however, SEs reported by parents are not rou-
tinely included in clinical trials (3). Our study highlights the impor-
tance of adding these measures in future trials to better
understand how families cope with medication SEs and the
impact of these SEs on compliance. Our CAPRI registry is ongo-
ing, and pragmatic trials that include patient-reported outcomes
to better address parent/patients’ concerns and voice about their
care are underway. We believe it is very important to evaluate

treatment experiences with disease burden when measuring out-
comes, particularly given the high frequency of potentially distres-
sing SEs observed in our study.

Our study has several limitations. The parent perceptions of
medication SEs were not verified, nor was their attribution to any
specific medication. Furthermore, physicians may have known
about these parental concerns but did not report them because
they were not actionable AEs. We did not ask parents if they were
willing to accept the described SEs without intervention
(i.e., nonactionable) because the medication was perceived as
being beneficial in other ways. Therefore, no direct comparison
is possible between parent-reported SEs and physician-reported
actionable AEs. We did not ask patients themselves to report
SEs; discrepancies between patients and parents have been
reported for some patient-reported outcomes (5). Additionally,
there are limitations in comparing our actionable AE rates to the
rates reported in pharmaceutical trials because physicians were
specifically instructed to only report events that required a medical
action.

In conclusion, in this modern JIA inception cohort, parents of
children with JIA reported a very high frequency of medication
SEs that had a measurable effect on the parent’s global assess-
ment of well-being and on the patient’s assessment of HRQoL.
The most common SEs were GI and behavioral/psychiatric
symptoms. Addressing medication SEs reported by patients
and parents may improve the HRQoL of children with JIA. Good
communication with families is key to avoiding dismissal of medi-
cation SEs that they feel are important. Studies developing and
testing effective strategies to mitigate these SEs are needed.
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Differences Sustained Between Diffuse and Limited
Forms of Juvenile Systemic Sclerosis in an Expanded
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Objective. To evaluate the baseline clinical characteristics of juvenile systemic sclerosis (SSc) patients in the inter-
national juvenile SSc inception cohort, and to compare these characteristics between the classically defined juvenile
diffuse cutaneous SSc (dcSSc) and limited cutaneous SSc (lcSSc) subtypes and among those with overlap features.

Methods. A cross-sectional study was performed using baseline visit data. Information on demographic character-
istics, organ system evaluation, treatment, and patient- and physician-reported outcomes was extracted and summary
statistics applied. Comparisons between juvenile dcSSc and lcSSc subtypes and patients with and without overlap
features were performed using chi-square and Mann-Whitney U tests.

Results. At data extraction, 150 juvenile SSc patients were enrolled across 42 centers; 83% were White, 80%were
female, juvenile dcSSc predominated (72%), and 17% of the cohort had overlap features. Significant differences were
found between juvenile dcSSc and juvenile lcSSc regarding modified Rodnan skin thickness score, the presence of
Gottron’s papules, digital tip ulceration, results of the 6-minute walk test, and composite pulmonary and cardiac
involvement. All of these were more frequent in dcSSc except for cardiac involvement. Juvenile dcSSc patients had
significantly worse scores for physician-rated disease activity and damage. A significantly higher occurrence of
Gottron’s papules and musculoskeletal and composite pulmonary involvement, and a significantly lower frequency of
Raynaud’s phenomenon, were seen in those with overlap features.

Conclusion. Results from a large international juvenile SSc cohort demonstrate significant differences between
juvenile dcSSc and juvenile lcSSc patients, including more globally severe disease and increased frequency of intersti-
tial lung disease in juvenile dcSSc patients, while those with lcSSc have more frequent cardiac involvement. Those with
overlap features had an unexpected higher frequency of interstitial lung disease.

INTRODUCTION

Juvenile systemic sclerosis (SSc) is a rare disease with an

estimated prevalence of 3 in 1,000,000 children (1). Only a few

publications are available summarizing clinical variables in larger

cohorts of these patients (n > 50) (2–6). Limitations of prior publi-

cations include cross-sectional data collected retrospectively with

chart review across centers (5,6), or patient data collected before

The inception cohort project is supported by an unrestricted grant from
the Joachim Hertz Stiftung, Hamburg, Germany.

1Ivan Foeldvari, MD, Nicola Helmus: Hamburg Centre for Pediatric and
Adolescent Rheumatology, Schön Klinik Hamburg Eilbek, Hamburg,
Germany; 2Jens Klotsche, MD: German Rheumatism Research Center, Berlin,
Germany; 3Ozgur Kasapcopur, MD, Amra Adrovic, MD: Cerrahpasa Medical
School, Istanbul University–Cerrahpasa, Istanbul, Turkey; 4Maria Teresa Ter-
reri, MD, Ana Paula Sakamoto, MD: Universidade Federal de São Paulo, Sao

Paulo, Brazil; 5Valda Stanevicha, MD: Riga Stradins University, University Chil-
dren Hospital, Riga, Latvia; 6Flavio Sztajnbok, MD: Universidade do Estado,
Rio de Janeiro, Brazil; 7Jordi Anton, MD: Hospital Sant Joan de Déu, Esplugues,
Universitat de Barcelona, Barcelona, Spain; 8Brian Feldman, MD: SickKids,
The Hospital for Sick Children, Toronto, Ontario, Canada; 9Ekaterina Alex-
eeva, MD: National Medical Research Center of Children’s Health, Sechenov
First Moscow State Medical University of the Ministry of Health of the
Russian Federation, Moscow, Russia; 10Maria Katsicas, MD: Hospital de

1575

Arthritis Care & Research
Vol. 74, No. 10, October 2022, pp 1575–1584
DOI 10.1002/acr.24609
© 2021 American College of Rheumatology.

https://orcid.org/0000-0003-0659-5298
https://orcid.org/0000-0002-2954-5755
https://orcid.org/0000-0002-1125-7720
https://orcid.org/0000-0002-8792-4219
https://orcid.org/0000-0002-0346-3268
https://orcid.org/0000-0001-5075-4474
https://orcid.org/0000-0002-7946-1365
https://orcid.org/0000-0001-9416-6631
https://orcid.org/0000-0003-2775-0111
https://orcid.org/0000-0002-1662-143X
http://crossmark.crossref.org/dialog/?doi=10.1002%2Facr.24609&domain=pdf&date_stamp=2022-06-08


2006 when clinical evaluation and management was different

from the current practice (4–6). This includes the standardly col-

lected data in the Scalapino cohort (n = 111), with patient data

collection between 1960 and 2003 (4). More recently, there are

reports from 2 prospective registries for juvenile SSc patients:

the Childhood Arthritis and Rheumatology Research Alliance

(CARRA) registry (2), and the juvenile SSc inception cohort (3),

both with original description of baseline characteristics of

n = 64 and n = 80 juvenile SSc subjects, respectively. One limita-

tion of the recent CARRA cohort was the lack of designation, and

therefore description, of limited versus diffuse cutaneous clinical

phenotypes in juvenile SSc.
To overcome this limitation in our juvenile SSc inception

cohort, organ systems manifestations were extensively captured
and compared between limited and diffuse cutaneous subtypes
because the extent of skin involvement has been universally
accepted to categorize patients with adult-onset SSc (7) and
has been strongly linked to certain organ manifestations,

augmenting patient care guidance (8). For example, in adult-onset
SSc, with the knowledge that scleroderma renal crisis (SRC) is
strongly associated with diffuse cutaneous disease, clinicians will
more closely monitor blood pressure in early disease and avoid
prednisone when possible because it is a risk factor in developing
SRC. An additional categorization of importance in which the fre-
quency of organ manifestations requires further clarification in
juvenile SSc is overlap SSc. These overlap SSc patients meet
classification criteria for SSc but also display overlap features of
other connective tissue diseases, such as dermatomyositis
(4,9,10), and have been reported in higher frequency in prior
juvenile SSc cohorts compared to adult SSc (4).

Since the publication of the original study (3), 70 additional
subjects have been enrolled in the juvenile SSc cohort registry
and are reported here. With 150 subjects enrolled currently,
our cohort represents the largest juvenile SSc patient cohort,
affording the opportunity to make comparisons between clini-
cal and patient-reported variables across limited cutaneous,
diffuse cutaneous, and overlap SSc in juvenile-onset disease.
This enables us to build upon the original study comparing dif-
fuse and limited cutaneous clinical features, as well as to pro-
vide the first study in juvenile SSc to systematically compare
juvenile SSc patients with and without overlap features. Our
overall objective is to determine if there are important associa-
tions of organ involvement and patient impact among these
subtypes, which may ultimately influence patient evaluation
and monitoring.

PATIENTS AND METHODS

The juvenile SSc inception cohort registry, as previously
described (3), is an international prospective observational cohort
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SIGNIFICANCE & INNOVATIONS
• Juvenile systemic sclerosis (SSc) patients demon-

strate significant differences between juvenile diffuse
cutaneous SSc (dcSSc) and juvenile limited cutaneous
SSc subtypes regarding frequency of skin, vascular,
pulmonary, and cardiac involvement.

• Physician global assessment of disease activity and
damage is higher in the juvenile dcSSc group.

• Juvenile SSc patients with overlap features are not
protected from major internal organ involvement
and have a higher frequency of lung disease com-
pared to those without overlap features.
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study, including 25 centers from Europe, 5 from Asia, 6 from
North America, and 6 from South America, representing 42 aca-
demic institutions. All participating centers had the research pro-
tocol approved by their local ethics committee. We are
presenting a cross-sectional analysis of the data obtained at the
patients’ baseline cohort visit.

The inclusion criteria of the juvenile SSc inception cohort reg-
istry required fulfilling classification criteria of SSc using the stricter
pediatric provisional 2007 classification criteria (11) from January
2008 to September 2017 and, after an amendment from October
2017 modifying these criteria, the more inclusive 2013 American
College of Rheumatology/European Alliance of Associations for
Rheumatology adult classification criteria for SSc (12), which
allow for earlier detection of disease, with gaining points for scler-
odactyly, and do not require the progression of skin thickness
beyond the metacarpophalangeal joints, which was a limitation
of the preliminary pediatric classification criteria, in the authors’
opinion (IF and KST). The other criteria were unchanged through-
out the study and include the following: age of <16 years at the
time of the first non–Raynaud’s phenomenon sign of disease,
and <18 years at the time of the enrollment.

Data collection from juvenile SSc patients included demo-
graphic characteristics, results from physical examination, clinical
testing variables, and physician- and patient-related outcome
measures, as described in the original study of the first 80 subjects
(3) (see Supplementary Appendix A, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24609, which includes the clinical research form
(CRF) obtained at the visits). Patients were scored for the pres-
ence and degree of skin thickness using the modified Rodnan
skin thickness score (13), and cutaneous involvement was classi-
fied into diffuse and limited subtypes, with diffuse cutaneous
defined by widespread and rapidly progressive skin thickening
(starting at fingers and toes and spreading proximally beyond
elbows and knees), and limited cutaneous characterized by
restricted and nonprogressive skin thickening (starting at the fin-
gertips and toes but limited to distal extremities, not crossing
antecubital or popliteal fossa) (7). Data on the overlap subset of
juvenile SSc were not collected independently, but overlap fea-
tures were collected among juvenile diffuse cutaneous SSc
(dcSSc) and juvenile limited cutaneous SSc (lcSSc) patients,
including variables such as Gottron’s papules, myositis, arthritis,
and sicca symptoms.

In addition to the variables listed in our prior study (3), we cre-
ated a “composite pulmonary involvement” variable, defined as
meeting at least 1 of the following criteria: a forced vital capacity
(FVC) of <80% of the predicted value; a diffusion capacity for car-
bon monoxide (DLco) of <80%; or high-resolution computed
tomography (HRCT) findings consistent with interstitial lung dis-
ease (ILD). Moreover, digital ulcers were quite common in our ini-
tial cohort assessment (3) and have an impact on daily life in our
juvenile SSc patients (2,14); therefore, we have incorporated the

Digital Ulcer Clinical Assessment Score (DUCAS) (15) as an out-
come variable collected prospectively. Data were collected pro-
spectively according to a standardized assessment protocol
every 6 months (see Supplementary Appendix A, available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24609).

Statistical analysis. Data were extracted for patients
enrolled from January 2008 to December 15, 2019. Only baseline
visit enrollment data were analyzed for this report. Statistical analy-
ses were conducted using SAS software, version 9.4. Categorical
variables were reported by absolute and relative frequencies and
continuously distributed variables by median and interquartile
range (25th and 75th percentile). Comparisons between patients
with diffuse and limited cutaneous involvement and those with
and without overlap features were performed using chi-square
test and Fisher’s exact when appropriate for categorical variables
and Mann-Whitney U test for continuously distributed variables.
P values less than 0.05 were considered statistically significant.

RESULTS

Patient demographic, autoantibody, and laboratory
findings. At the time of data query, 150 patients were enrolled in
the juvenile SSc inception cohort across the 42 academic institu-
tions, with the majority being White (83%) and female (80%)
(Table 1). All patients who fulfilled the pediatric SSc classification
criteria (11) fulfilled the adult SSc criteria (12), which were applied
for the inclusion since October 2017. Ninety-seven patients in this
cohort were included before the amendment. The diffuse cutane-
ous subtype was predominant (72%) compared to juvenile lcSSc
(28%). Overlap features were present in 17% of the cohort, with
higher frequency in juvenile lcSSc compared to juvenile dcSSc
(n = 12, 28% versus n = 14, 13%, respectively; P = 0.023).
Although slightly younger in the juvenile dcSSc group compared
to the juvenile lcSSc group, the median age at onset of Raynaud’s
phenomenon and first non–Raynaud’s phenomenon symptom
was not significantly different between the cutaneous subtypes
(10.3 versus 11.9 years, and 10.7 versus 13.1 years, respec-
tively). Median disease duration at the time of enrollment was
2.6 years in the juvenile dcSSc group and 1.8 years in the juvenile
lcSSc group (P = 0.038). The majority (81%) of juvenile SSc
patients were being treated with disease-modifying agents
regardless of subtype (Table 1). Evaluation of autoantibodies sup-
ported antinuclear antibody (ANA) positivity in 91% of the cohort,
with a similar distribution of antibodies against extractable nuclear
antigens (Scl-70 and centromere) between the 2 cutaneous sub-
types, reflecting the findings from the original 80 patients
described (3). Specifically, anti–Scl-70 positivity was found in
approximately one-third of the cohort (35% in juvenile dcSSc
versus 36% in juvenile lcSSc), and anticentromere positivity was
found at a very low rate in both subsets (3% versus 7%, respec-
tively) (Table 1). Anti-PM/Scl antibody, reflecting overlap disease,
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was similarly present in juvenile dcSSc and juvenile lcSSc (14%
and 20%, respectively), with higher frequency in those with over-
lap compared to those without (31% versus 10%, respectively;
P = 0.046) (Table 2). Additional comparison of laboratory evalua-
tion included inflammatory markers, such as erythrocyte sedi-
mentation rate, which was elevated in 29% of the juvenile dcSSc
group and 16% of the juvenile lcSSc group (P = 0.107). C-reactive
protein elevation was less frequently encountered (15% in juvenile
dcSSc, and 9% in juvenile lcSSc; P = 0.40) (Table 1). The patients
with overlap features had similar frequencies as the juvenile
dcSSc group for these variables (see Supplementary Table 1,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24609).

Clinical features. The summary of clinical features in the
total cohort and between the diffuse and limited cutaneous sub-
types is presented in Table 3. Several organ system outcomes
had a more frequent occurrence in the juvenile dcSSc subset
compared to juvenile lcSSc patients, with significant differences
in the median modified Rodnan skin thickness score (17.0 in
juvenile dcSSc versus 4.5 in juvenile lcSSc; P < 0.001), sclero-
dactyly (83% versus 66%; P = 0.029), and Gottron’s papules
(30% versus 13%; P = 0.043) for cutaneous organ involvement.

Regarding microvascular involvement, Raynaud’s phenome-
non was similar in both subgroups (~90%), but presence of telan-
giectasia was more frequent in juvenile dcSSc (42% versus 18%;

P = 0.01), as well as history of ulceration (56% versus 32%;
P = 0.008). The DUCAS score (15) reflecting ulceration severity
did not statistically significant differ (P = 0.147) between juvenile
dcSSc patients (median 0 [interquartile range (IQR) 0–0.25] com-
pared to 0 [IQR 0–0], respectively) (Table 3). However, ~80%
(46 of 58) of patients had a DUCAS score of 0 (juvenile lcSSc
93% versus juvenile dcSSc 75%).

Cardiopulmonary assessment demonstrated some differ-
ences between cutaneous subtypes, with more pulmonary mor-
bidity in the juvenile dcSSc group and more cardiac morbidity in
the juvenile lcSSc group (Table 3). The pulmonary parameters
were more frequently abnormal in the juvenile dcSSc subtype,
including FVC <80%, DLco <80%, and ILD findings on HRCT.
Although not statistically significant individually, combining these
factors in the composite pulmonary involvement variable, juvenile
dcSSc demonstrated more pulmonary involvement than juvenile
lcSSc in a statistically and clinically significant manner (49% ver-
sus 31%; P = 0.045). In accordance with this finding, results from
the 6-minute walk test were more frequently below the 10th per-
centile in juvenile dcSSc (85% versus 54%; P = 0.044). Cardiac
involvement overall was relatively infrequent in the cohort (6%),
but when it occurred, it was more frequent in the juvenile lcSSc
group (17% versus 2%; P = 0.002). The majority of patients did
have cardiac screening, with electrocardiography conducted in
80% of the patients (78% in juvenile dcSSc, and 86% in juvenile
lcSSc) and transthoracic echocardiography in 64% of the patients

Table 1. Demographic information, disease characteristics, and autoantibody and laboratory measures of the 150
juvenile systemic sclerosis patients in the cohort compared by cutaneous subtype*

Whole group Diffuse subtype Limited subtype
P†(n = 150) (n = 108) (n = 42)

Female to male ratio‡ 4.2:1 (121/29) 4.1:1 (87/21) 4.2:1 (34/8) 0.571
Race, no. (%) 0.871
White 124 (83) 90 (83) 34 (81)
African 9 (6) 8 (7) 1 (2)
Indian 9 (6) 3 (3) 6 (14)
Other 8 (5) 7 (6) 1 (2)

Disease duration, median (IQR) years 2.4 (0.9–4.4) 2.6 (1.3–4.8) 1.8 (0.6–4.1) 0.038
Age at onset of RP, median (IQR) years 10.8 (6.9–13.1) 10.3 (7.0–12.8) 11.9 (6.3–13.9) 0.139
Age at onset of non-RP, median (IQR) years 11.1 (6.9–13.5) 10.7 (7.0–12.7) 13.1 (6.8–14.5) 0.091
Disease-modifying drugs, no. (%) 122 (81) 86 (80) 36 (86) 0.390
Autoantibody positivity
ANA 133/146 (91) 95/104 (91) 38 (90) 0.867
Anti–Scl-70 51/145 (35) 36/103 (35) 15 (36) 0.930
Anticentromere 4/97 (4) 2/68 (3) 2/29 (7) 0.370
Anti-PM/Scl 9/57 (16) 5/37 (14) 4/20 (20) 0.522

Laboratory values
ESR elevated (>20 mm/hour) 36/141 (25) 30/103 (29) 6/38 (16) 0.107
CRP elevated (>5 mg/liter) 17/127 (13) 14/94 (15) 3/33 (9) 0.400
Elevated CK 23/102 (22) 19/72 (26) 4/30 (13) 0.151
Elevated CK in overlap patients 2/23 (9) 1/13 (8) 1/10 (10) 0.846
Pro-BNP increased 4/17 (23) 3/13 (23) 1/4 (15) 0.937

* Values are the no./total no. (%) unless indicated otherwise. ANA = antinuclear antibody; BNP = B-type natriuretic
peptide; CK = creatine kinase; CRP = C-reactive protein; ESR = erythrocyte sedimentation rate; IQR = interquartile
range (25th, 75th percentiles); RP = Raynaud’s phenomenon.
† Comparison between diffuse and limited subtypes.
‡ Female n = 121, male n = 29.
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(62% in juvenile dcSSc, and 69% in juvenile lcSSc). Cardiac
involvement was described in 5 patients with arrhythmia: one with
tricuspid insufficiency and one with mitral regurgitation in the juve-
nile lcSSc group, and both patients in the juvenile dcSSc group
with arrhythmia. Pulmonary hypertension, screened by transtho-
racic echocardiography, according to the pediatric guidelines
(16,17), was uncommon and similar in both groups (juvenile
dcSSc: n = 7, 6%; juvenile lcSSc: n = 2, 5%) (Table 3). Primary
versus secondary pulmonary arterial hypertension (PAH) was not
designated by the treating physician in the CRF, but the status
of ILD was recorded. Of the 9 patients with PAH, 3 of the 7 in
the dcSSc group and 1 of the 2 in the lcSSc group had no asso-
ciated signs of ILD; therefore, 44% (4 of 9) of those with PAH
would likely be designated as primary.

No history of renal crisis was detected at the time of enroll-
ment in the cohort, and only 1 patient had arterial hypertension
in the juvenile lcSSc group. In the juvenile dcSSc group, 5 patients
had proteinuria, 4 of themwith <500mg/day, and the fifth with 1.1
gm/day. A renal biopsy was performed on the juvenile dcSSc
patient with significant proteinuria, and class V lupus nephritis
was identified; we considered this as an overlap feature. In the
juvenile lcSSc group, 1 patient had microscopic hematuria and
a proteinuria level of <500 mg/day, and the other patient had
isolated microscopic hematuria.

Gastrointestinal involvement occurred in 42% of the juvenile
dcSSc patients and 29% of the juvenile lcSSc patients (P = 0.138).
Esophageal involvement was the most frequent manifestation in

both groups, which occurred in 39% of the juvenile dcSSc group
and 29% in the juvenile lcSSc group (P = 0.898) (Table 3).

Muscle weakness occurred in 18% of juvenile dcSSc patients
and 31% in juvenile lcSSc patients (P = 0.132). In patients with
overlap features in both subsets, 45% had muscle weakness.
Tendon friction rub was infrequent and in the same range in both
groups (9% in juvenile dcSSc, and 6% in juvenile lcSSc;
P = 0.54). Joint contractures were observed in 48% of juvenile
dcSSc patients and 43% of juvenile lcSSc patients (P = 0.630),
and swollen joints were observed in 21% of juvenile dcSSc patients
and 17% of juvenile lcSSc patients (P = 0.630) (Table 3). Neurologic
involvement was seldom (3% of the cohort) and was most com-
monly associated with musculoskeletal entrapment, with all
3 dcSSc patients with neurologic involvement having Carpal tunnel
syndrome, while the 2 lcSSc patients with neurologic involvement
were more divergent, with one having demyelinating sensorimotor
axonal polyneuropathy, and the other with headache.

Global assessments (physician and patient
reported). Patients with juvenile dcSSc had significantly worse
scores for physician global assessment of disease activity com-
pared to juvenile lcSSc patients (visual analog scale [VAS] median
score 37.5 versus 20 [range 0–100]; P = 0.002) and for physician
global assessment of disease damage (VASmedian score 30 ver-
sus 10 [range 0–100]; P < 0.001) (Table 4). Physician-rated ulcer-
ation activity was in the similar range (VAS median score 5 versus
0 [range 0–100]; P = 0.113). There was no statistically significant

Table 2. Main differences between clinical manifestations of the 150 juvenile systemic sclerosis patients in the
cohort compared by overlap features*

Patients without
overlap

Patients with
overlap

P†(n = 124) (n = 26)

Autoantibody positivity
Anti–Scl-70 48/120 (40) 3/25 (12) 0.008‡
Anticentromere 4/81 (5) 0/18 (0) 0.336
Anti-PM/Scl 4/41 (10) 5/16 (31) 0.046‡

Cutaneous
Gottron’s papules, no. (%) 26 (21) 11/23 (48) 0.022‡

Pulmonary
Composite pulmonary involvement, no. (%) 50 (40) 16 (61) 0.048‡

Renal
Renal involvement assessed by urine test, no. (%) 5 (4) 2 (8) 0.421

Musculoskeletal
Presence of swollen joints, no. (%) 18 (14) 11 (42) 0.001‡
Muscle weakness 17/102 (17) 10/22 (45) 0.003‡
Tendon friction tub 7/114 (6) 4/25 (16) 0.098

Patient reported
Patient RP activity, median (IQR) 30 (10–55) 2.5 (0–40) 0.045‡

(n = 108) (n = 22)
C-HAQ score, median (IQR) 0.25 (0–0.63) 0.5 (0–1) 0.097

(n = 75) (n = 19)
C-HAQ score, mean (range)§ 0.5 (0–2.6) 0.7 (0–2.5) 0.097

* Values are the no./total no. (%) unless indicated otherwise. C-HAQ = Childhood Health Assessment Questionnaire;
IQR = interquartile range (25th, 75th percentiles); RP = Raynaud’s phenomenon.
† Comparison between with/without overlap.
‡ Significant.
§ The mean is also presented for comparison to other published pediatric rheumatic disease group data.
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difference in patient-rated global disease activity, global disease
damage, Raynaud’s phenomenon activity, and ulceration activity
on a VAS (range 0–100) between diffuse and limited cutaneous
subtypes. The mean score in the Childhood Health Assessment
Questionnaire (C-HAQ) was 0.5 in juvenile dcSSc subjects, 0.4
in juvenile lcSSc subjects (P = 0.707; Table 4), and 0.7 in those
with overlap features (Table 2 and Supplementary Table 2, avail-
able on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24609).

Patients with overlap features. Overlap features
occurred in 17% (26 of 150) of all juvenile SSc patients, 13% in
the diffuse cutaneous subtype group, and 28% in the limited cuta-
neous subtype group (Table 3). Those with overlap features had
similar demographic characteristics (sex, race, and disease onset
and duration; see Supplementary Table 1, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24609) as those without
but did have some notable clinical differences. Overlap patients
showed characteristics of dermatomyositis in 23 cases,

Table 3. Clinical manifestations of the 150 juvenile systemic sclerosis patients in the cohort compared by cutaneous
subtype*

Whole group Diffuse subtype Limited subtype
P†(n = 150) (n = 108) (n = 42)

Overlap features, no. (%) 26 (17) 14 (13) 12 (28) 0.023‡
Cutaneous
MRSS, median (IQR) 12.5 (5–22.5) 17 (9–27) 4.5 (0–10) <0.001‡
Gottron’s papules 37/142 (26) 32/105 (30) 5/37 (13) 0.043‡
Gottron’s papules in overlap patients 11/23 (48) 9/11 (82) 2/12 (17) 0.002‡
Puffy fingers 39/126 (31) 29/90 (32) 10/36 (28) 0.626
Sclerodactyly 108/138 (78) 83/100 (83) 25/38 (66) 0.029‡

Vascular
Raynaud’s phenomenon, no. (%) 135 (90) 98 (91) 37 (88) 0.628
Nailfold capillary changes 101/141 (72) 70/99 (71) 31 (74) 0.709
Telangiectasia 56/128 (44) 38/90 (42) 7/38 (18) 0.010‡
History of ulceration 73/148 (49) 60/107 (56) 13/41 (32) 0.008‡
Active ulceration 22/148 (15) 17/107 (16) 5/41 (12) 0.572
DUCAS score, median (IQR) 0 (0–0) 0 (0–0.25) 0 (0–0) 0.147
Calcinosis 11/64 (17) 10/48 (21) 1/16 (6) 0.181

Pulmonary
FVC <80% 33/106 (31) 27/78 (35) 6/28 (21) 0.196
DLCO <80% 31/71 (44) 22/50 (44) 9/21 (43) 0.929
Abnormal findings on HRCT 46/110 (42) 37/82 (45) 9/28 (32) 0.229
6-minute walk test under the normal range§ 29/38 (76) 23/27 (85) 6/11 (54) 0.044‡
Composite pulmonary involvement, no. (%) 66 (44) 53 (49) 13 (31) 0.045‡

Cardiac, no. (%)
Cardiac involvement 9 (6) 2 (2) 7 (17) 0.002‡
Pulmonary hypertension assessed by US 9 (6) 7 (6) 2 (5) 0.691

Renal, no. (%)
Renal involvement assessed by urinalysis 7 (5) 5 (5) 2 (5) 0.972
Hypertension assessed by RR 1 (1) 0 (0) 1 (2) 0.108
Renal crisis 0 (0) 0 (0) 0 (0) –

Gastroenterology, no. (%)
Total gastrointestinal involvement 57 (38) 45 (42) 12 (29) 0.138
Total esophageal involvement 54 (36) 42 (39) 12 (29) 0.898

Musculoskeletal
Overall 92/149 (62) 66/107 (62) 26 (62) 0.929
Presence of swollen joints 29/149 (19) 22/107 (21) 7 (17) 0.606
Presence of joints with decreased range 81/149 (54) 60/107 (56) 21 (50) 0.540
Presence of joints with pain on motion 35/149 (23) 22/107 (21) 13 (31) 0.169
Contractures 69/148 (47) 51/106 (48) 18 (43) 0.630
Muscle weakness 27/124 (22) 17/92 (18) 10/32 (31) 0.132
Muscle weakness in overlap patients 10/22 (45) 5/11 (45) 5/11 (45) –

Tendon friction rub 11/139 (8) 9/103 (9) 2/36 (6) 0.543
Neurologic involvement, no. (%)
Overall neurologic involvement 5 (3) 3 (3) 2 (5) 0.543

* Values are the no./total no. (%) unless indicated otherwise. DUCAS = Digital Ulcer Clinical Assessment Score;
FVC = functional vital capacity; HRCT = high-resolution computed tomography; IQR = interquartile range (25th,
75th percentiles); MRSS = modified Rodnan skin thickness score; DLCO: diffusion capacity for carbon monoxide;
RR = Riva Rocci (method); US = ultrasound.
† Comparison between diffuse and limited subtypes.
‡ Significant.
§ Less than 10 percentile of normal range.

FOELDVARI ET AL1580

https://doi.org/10.1002/acr.24609
https://doi.org/10.1002/acr.24609
https://doi.org/10.1002/acr.24609
https://doi.org/10.1002/acr.24609


1 combined with Sjögren’s syndrome, and 3 had juvenile arthritis
characteristics. More frequent cutaneous and musculoskeletal
manifestations in patients with overlap features include Gottron’s
papules, number of joints with swelling, decreased range of
motion, joint contractures, and muscle weakness (Table 2 and
Supplementary Table 2, available at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24609). Vascular features such as Ray-
naud’s phenomenon occurred more commonly in the non-
overlap group (93 versus 77%; P = 0.015) (see Supplementary
Table 2, available at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24609). Digital ulcer frequency was similar between those
with and without overlap features (see Supplementary Table 2,
available at http://onlinelibrary.wiley.com/doi/10.1002/acr.
24609). ILD appeared more prevalent in those with overlap fea-
tures, with the composite pulmonary involvement variables: FVC
>80% and/or DLco of <80%, and/or abnormal findings on HRCT
significantly more common in this group (61 versus 40%;
P = 0.048) (Table 2 and Supplementary Table 2, available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24609). The un-
common organ systems involved in juvenile SSc, including car-
diac, renal, and neurologic, were similar in those with and
without overlap features (see Supplementary Table 2, available
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24609). The
overlap patients most commonly had positive ANA results without
a specific extractable nuclear antigen, followed by positive PM/Scl
(31%) and Scl-70 (12%) results, with no patients having positive
anticentromere antibody results (Table 2 and Supplementary
Table 3, available on the Arthritis Care & Research website at

http://onlinelibrary.wiley.com/doi/10.1002/acr.24609). Physician-
and patient-reported outcomes were not significantly different
between those with and without overlap characteristics besides
patient rating of the Raynaud’s phenomenon activity, which was sig-
nificantly higher in the nonoverlap patients (30 versus 2.5; P = 0.044)
(Table 2 and Supplementary Table 3, available at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24609). Although not statistically signifi-
cant, C-HAQ score wasmore impacted in the overlap patients com-
pared to nonoverlap patients (0.7 versus 0.5; P = 0.097) (Table 2
and Supplementary Table 3, available at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24609).

DISCUSSION

We present the largest cohort of juvenile SSc patients with
prospectively collected standardized clinical assessment. It is
reassuring that the unique findings that we described in our previ-
ous study of this cohort (3) regarding the dominance of the juve-
nile dcSSc subtype and the unique distribution of the antibody
pattern are further confirmed. The additional 70 patients enrolled
since the prior publication (n = 150 versus n = 80) allow for the
identification of additional cutaneous and vascular differences
between juvenile dcSSc and juvenile lcSSc patients, in addition
to enabling the characterization of overlap SSc patients. Patients
with juvenile dcSSc have, as expected by definition, higher mean
modified Rodnan skin thickness scores, but they also have a sig-
nificantly higher rate of cutaneous and vascular features: sclero-
dactyly, Gottron’s papules, history of ulceration, and presence of

Table 4. Patient- and physician-related outcomes of the 150 juvenile systemic sclerosis patients in the cohort
compared by cutaneous subtype*

Whole group Diffuse subtype Limited subtype
P†(n = 150) (n = 108) (n = 42)

Physician reported
Physician global disease activity 30 (20–50) 37.5 (25–50) 20 (10–32.5) 0.002

(n = 116) (n = 88) (n = 28)
Physician global disease damage 30 (15–45) 30 (20–50) 10 (5–25) <0.001

(n = 115) (n = 88) (n = 27)
Physician ulceration activity 0 (0–20) 5 (0–20) 0 (0–12.5) 0.113

(n = 136) (n = 104) (n = 32)
Patient reported
Patient global disease activity 40 (30–60) 40 (30–55) 50 (22.5–60) 0.964

(n = 106) (n = 86) (n = 20)
Patient global disease damage 40 (20–60) 40 (20–60) 47.5 (5–60) 0.424

(n = 105) (n = 85) (n = 20)
Patient RP activity 25 (5–55) 30 (10–55) 15 (0–50) 0.159

(n = 130) (n = 102) (n = 28)
Patient ulceration activity 5 (0–30) 7.5 (0–30) 0 (0–25) 0.242

(n = 131) (n = 102) (n = 29)
C-HAQ score 0.25 (0–0.75) 0.25 (0–0.63) 0.25 (0–0.75) 0.707

(n = 94) (n = 68) (n = 26)
C-HAQ score, mean (range)‡ 0.5 (0–2.6) 0.5 (0–2.6) 0.4 (0–2) 0.707

* Values are the median (IQR) unless indicated otherwise. All physician- and patient-reported measures are from a
visual analog scale (0–100 mm, minimum to maximum). C-HAQ = Childhood Health Assessment Questionnaire;
IQR = interquartile range (25th, 75th percentiles); RP = Raynaud’s phenomenon.
† Comparison between diffuse and limited subtypes.
‡ The mean is also presented for comparison to other published pediatric rheumatic disease group data.
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telangiectasia. It was surprising that telangiectasias were not
predominant in the limited cutaneous subtype, as one might expect
in the classic teaching of CREST syndrome (calcinosis, Raynaud’s
phenomenon, esophageal dysmotility, sclerodactyly, telangiectasias)
in adult-onset SSc, the clinical phenotype of which is consistent with
lcSSc (18). One possible explanation is that the disease duration on
average was 1 year longer in the juvenile dcSSc subjects, allowing
more time for telangiectasias to accumulate, and that the juvenile
lcSSc subjects may approach a similar frequency with longer
follow-up analyses. As demonstrated in our earlier study (3), juvenile
dcSSc patients have the significantly higher rate of pulmonary
involvement, evaluated using the composite pulmonary items or the
6-minute walk distance test. Cardiac involvement, although rare, is
a major cause of morbidity in juvenile SSc and, confirming our earlier
study, was significantly higher in the juvenile lcSSc group and there-
fore deserves particular attention in this cutaneous subtype. Overall
disease severity, gauged by the physician global assessment of dis-
ease activity and damage, supports more impact on patients with
juvenile dcSSc, who tend to have cumulative higher total organ
morbidity. Efforts to decrease this cumulative burden are underway
with the more liberal use of disease-modifying agents in SSc earlier
on in the disease process in both adult- and pediatric-onset
SSc (19–21).

In contrast to adult-onset SSc cohorts comparing large
numbers of diffuse and limited cutaneous patient subsets, such
as the European Scleroderma Trials and Research (EUSTAR)
database and the Patient-Centered Intervention Network Cohort
(SPIN), we did not find the increased frequency of the following
variables in juvenile dcSSc that were demonstrated in adult dcSSc:
male patients; positive Scl-70; renal crisis; joint contractures;
tendon friction rub; and functional impairment (8,22,23). Similar to
the frequency of clinical manifestations between the adult cohorts
and our juvenile SSc cohort was the finding of more frequent
pulmonary involvement in the diffuse subset. A main overall differ-
ence between our juvenile SSc cohort and these large adult SSc
cohorts is the overall percentage of limited compared to diffuse
cutaneous, in which lcSSc predominates in adults (60%) and
dcSSc predominates in our juvenile SSc cohort (72%). One expla-
nation for this difference may be the significantly longer disease
duration upon cohort entry, with 11.7 years from the first non–
Raynaud’s phenomenon symptom in the SPIN cohort, and
6.4 years for lcSSc and 4.2 years for dcSSc in the EUSTAR cohort,
allowing the capture of more lcSSc patients. This is in comparison
to the median disease duration of 2.6 years in the diffuse subtype
and 1.8 years in the limited subtype in our juvenile SSc cohort,
which are relatively short in disease duration contrasted to adult-
onset SSc and are similar in timing. The juvenile SSc inception
cohort has been enrolling over the past 10 years, and this diffuse
cutaneous predominance persists, suggesting that we are not nec-
essarily missing the late-bloomer lcSSc patients; but indeed,
pediatric-onset patients have a unique subset distribution at the
beginning of the disease and a unique organ pattern presentation.

Overlap features occurred in 17% of the patients in our pedi-
atric cohort, with the vast majority of the patients (88%) with der-
matomyositis overlap, and the few others with Sjögren’s
syndrome (n = 1) and juvenile arthritis (n = 3) overlap. The general
percentage of overlap SSc subtype in adult-onset SSc cohorts
ranges approximately from 5% to 20% and includes overlap with
the following connective tissue diseases (CTDs) (24): Sjögren’s
syndrome, polymyositis/dermatomyositis, rheumatoid arthritis,
and systemic lupus erythematous (SLE), with varying dominant
CTDs among published cohorts, although dermatomyositis and
SLE were noted in younger adult onset (16–40 years) compared
to older adult onset (≥40 years) (4,25–27). Another juvenile SSc
cohort that categorized overlap patients (n = 32 of 110; 29%) also
found juvenile dermatomyositis to predominate heavily, with 72%
(23 of 32) (4) having results similar to our juvenile SSc inception
cohort findings.

The most notable finding in our overlap patients is the higher
risk for ILD compared to those without overlap features, with
abnormal DLco and HRCT results being more common in this
subgroup. This is important, as it contradicts more traditional
teaching (27) that those with overlap disease possess a less
severe phenotype, and it should instead prompt clinicians to be
on higher alert for ILD and internal organ manifestations and not
only focus on musculoskeletal, vascular, and cutaneous involve-
ment. A recent study of a large German cohort of 3,240 adult-
onset SSc patients specifically examined their registry patients
with SSc overlap syndrome (10%; n = 325) and evaluated their
organ frequency as well as trajectory and found that the patients
with overlap syndromes had a higher risk of developing lung fibro-
sis and heart involvement compared to those with lcSSc,
although less than those with dcSSc, and harbor an intermediate
rate of cardiopulmonary progression between lcSSc and dcSSc
(26). We are collecting longitudinal data to further study juvenile
SSc overlap subtype trajectory compared to nonoverlap dcSSc
and lcSSc. Those with overlap features indeed may be at risk for
poorer outcomes and overall well-being. There does appear to
be a significant impact on physical functioning in our patients with
juvenile SSc overlap defined by the C-HAQ. The mean C-HAQ
score of 0.7 in those with overlap features is higher than the mean
C-HAQ score reported in the CARRA legacy registry cohort for
juvenile-onset SLE (0.26), dermatomyositis (0.41), and juvenile
arthritis (0.38) (2), which is most likely clinically relevant given the
general floor effect of the C-HAQ, with low total score of 0–3.

Limitations of our study include missing data. Despite the use
of a standardized assessment protocol, this is an observational
cohort in which participating clinicians report according to their
standard of care in juvenile SSc. Assessment of antibodies was
at the physician’s discretion and the capacity of the health system
to assess them in routine care, and the lack of testing for all sub-
jects could have influenced our interpretation. Performance of
additional organ evaluation, such as esophageal manometry,
was not mandatory due to the observational study design and

FOELDVARI ET AL1582



ethical reasons. In consequence, the results of specific organ
manifestation screenings included a proportion of missing data
and may be slightly biased toward patients with more severe
organ involvement, but the stability of the observed organ involve-
ment pattern between the 80 patients in our earlier study and the
150 patients of the present study is reassuring. Another limitation
is the cross-sectional analysis of our cohort at cohort entry.
Therefore, all results have to be interpreted with caution, and no
causal inference should be drawn from our results.

In conclusion, we present the largest juvenile SSc patient
population with a prospectively collected standardized assess-
ment. The unique findings that we had previously published sum-
marizing 80 patients of the cohort (3) persist for the increased
cohort size (n = 150) and are similar to those of the other large,
published cohorts (2,4,5). A few differences exist between juvenile
dcSSc and juvenile lcSSc in children, such as increased fre-
quency of ILD in juvenile dcSSc, and cardiac involvement in juve-
nile lcSSc, which should be noted for clinical screening and
monitoring evaluation. Additionally, analyses of those with overlap
features demonstrated expected cutaneous and musculoskeletal
involvement but unexpected increased frequency of ILD. Future,
longitudinal study of this cohort will determine if the juvenile dcSSc
and juvenile lcSSc subtypes and patients with overlap features
retain these organ manifestations or follow a different trajectory.
Data on medications are also captured at every visit and will be
documented in the longitudinal evaluation to query relationships
between medication regimen and organ systems outcomes while
we await traditional clinical trials in juvenile SSc, which are difficult
due to the rarity of the disease. In addition to clinical phenotype,
future collection of molecular markers in tandem may assist in
further immunophenotype classification as being evaluated in
adult-onset SSc (28,29).
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Costs of Hospital-Associated Care for Patients With Juvenile
Idiopathic Arthritis in the Dutch Health Care System

Michelle M. A. Kip,1 Sytze de Roock,2 Inge van den Berg,3 Gillian Currie,4 Deborah A. Marshall,4

Luiza R. Grazziotin,4 Marinka Twilt,4 Rae S. M. Yeung,5 Susanne M. Benseler,4 Sebastiaan J. Vastert,2

Nico Wulffraat,2 Joost F. Swart,2 and Maarten J. IJzerman6

Objective. The aim of this study was to quantify costs of hospital-associated care for juvenile idiopathic arthritis
(JIA), provide insights in patient-level variation in costs, and investigate costs over time from the moment of JIA diagno-
sis. Results were reported for all JIA patients in general and by subtype.

Methods. This study was a single-center, retrospective analysis of prospective data from electronic medical
records of children with JIA, ages 0–18 years, between April 1, 2011 and March 31, 2019. Patient characteristics
(age, sex, JIA subtype) and hospital-based resource use (consultations, medication, radiology procedures, laboratory
testing, surgeries, emergency department [ED] visits, hospital stays) were extracted and analyzed. Unit prices were
obtained from Dutch reimbursement lists and pharmaceutical and hospital list prices.

Results. The analysis included 691 patients. The mean total cost of hospital care was €3,784/patient/year, of which
€2,103 (55.6%) was attributable to medication. Other costs involved pediatric rheumatologist visits (€633/patient/year
[16.7%]), hospital stays (€439/patient/year [11.6%]), other within-hospital specialist visits (€324/patient/year [8.6%]),
radiology procedures (€119/patient/year [3.1%]), laboratory tests (€114/patient/year [3.0%]), surgeries (€46/patient/
year [1.2%]), and ED visits (€6/patient/year [0.2%]). Mean annual total costs varied between JIA subtypes and between
individuals and were the highest for systemic JIA (€7,772/patient/year). Over the treatment course, costs were the
highest in the first month after JIA diagnosis.

Conclusion. Hospital care costs of JIA vary substantially between individuals, between subtypes, and over the
treatment course. The highest annual costs were for systemic JIA, primarily attributable to medication (i.e., biologics).
Costs of other hospital-associated care were comparable regardless of subtype.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is the most common chronic

rheumatic disease in childhood, affecting ~1 in 1,000 children (1,2).

The International League of Associations for Rheumatology classifica-

tion distinguishes 7 categories of JIA, including systemic arthritis, oli-

goarthritis (which can be subdivided into persistent and extended

oligoarthritis), rheumatoid factor (RF) negative polyarthritis, RF positive

polyarthritis, psoriatic arthritis, enthesitis-related arthritis, and undiffer-

entiated arthritis (3).
Early recognition and adequate clinical management of JIA is

crucial to control inflammation, reduce pain, and prevent irrevers-

ible joint damage (4). Treatment of JIA is multifaceted, combining

pharmacologic, physical, and occupational therapy with lifestyle

modifications and psychosocial support (5). As a consequence,

treatment costs are high (6–9). JIA is also associated with
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significant long-term issues, including the risk of long-term func-

tional impairment, lower educational attainment (10), higher

unemployment rates (10), and a lower quality of life (11–13). Con-

sequently, JIA results in a high burden to the affected individual

and to society.
To determine the burden of JIA to society, a first and critical

step is to quantify JIA-related hospital-care resource use and
associated costs, referred to as “hospital costs” in the remainder
of this article. Although a body of evidence presenting hospital
costs is available (14), the majority of these studies either do not
distinguish between JIA subtypes, focus on 1 specific subtype,
or do not consider costs at the individual patient level. Reporting
hospital costs separately by JIA subtype is important because
these subtypes differ in clinical and laboratory features, disease
severity, and in the efficacy, type, and accompanying costs of
pharmacologic treatments prescribed (3,15,16). In addition, sub-
stantial variation in disease severity and treatment response is
observed even between patients with the same subtype (17,18).
Thus, JIA is known for its personalized treatment and for its huge
variation in treatment lines and sequences with different impact on
health outcomes and costs. Therefore, the current study aims to
quantify the impact of JIA on hospital costs, provide insights in
patient-level variation in costs, and investigate costs over time from
the moment of JIA diagnosis. Results were reported for all JIA
patients and by JIA subtype.

MATERIALS AND METHODS

Data sources and extraction. This study was a retro-
spective analysis of prospective data extracted from electronic
medical records from the Wilhelmina Children’s Hospital
(Utrecht, The Netherlands), using a previously developed
research data platform (19). This resulted in a comprehensive
data set enabled by linkage of several databases within the hospi-
tal through a unique, deidentified patient number. For the current
study, data on medication use, radiology procedures, laboratory
tests, hospital stays, surgeries, consultations with pediatric rheu-
matologists and other within-hospital specialists, and emergency

department (ED) visits were extracted for all patients with a diag-
nosis of JIA between April 1, 2011 and March 31, 2019. As treat-
ment strategies in JIA change rapidly, and because the electronic
data was available after April 1, 2011, this date was set as the
starting point of the analyses. In addition, as this study focuses
on children, only data up until the patient’s 18th birthday were
included when they turned 18 before March 31, 2019. Data on
within-hospital physician visits (other than pediatric rheumatolo-
gist visits) were, however, only available up to December
12, 2018 and thus were included until that point in time.

The use of data from the above-mentioned research data
platform was classified by the Institutional Review Board as
exempt from the Medical Research Involving Human Subjects
Act (14/684). The study was conducted according to Good Clini-
cal Practice guidelines and the Declaration of Helsinki (20). Fur-
ther, the ethical committee of the faculty of Behavioural,
Management and Social Sciences of the University of Twente
approved this study (no. 190215).

Data selection. Patients were excluded if they reached the
age of 18 years before April 1, 2011, were diagnosed with idio-
pathic uveitis, were not primarily treated in the Wilhelmina Chil-
dren’s Hospital (because they, for example, only came for a
second opinion), had major comorbidities (such as inflammatory
bowel disease) alongside JIA, received treatment as part of a
pharmaceutical trial that they would not have received outside
the trial setting (regardless of whether this occurred between April
1, 2011 and March 31, 2019), or had a follow-up in <1 year.
Resource use and costs were included up to 10 years after JIA
diagnosis.

Resource use and costs.Within-hospital resource use and
costs were quantified from a payer’s perspective. Resource use
was measured from the extracted data. Unit prices were based
on 2019 tariffs when available (regardless of the year in which they
occurred) or converted to 2019 euros using Dutch consumer price
indices (21). Medication costs were derived from Dutch pharma-
ceutical list prices (https://www.farmacotherapeutischkompas.nl/)
and multiplied with the frequency of use, accounting for the dose
used in each individual patient. All other costs were derived from
Dutch reimbursement lists where possible (https://zorgproducten.
nza.nl/) or, alternatively, from hospital list prices. All within-hospital
costs that occurred during the inclusion period and that were
assumed to be JIA-related, as decided in consultation with a pedi-
atric rheumatologist, were included. To illustrate this, the costs of
hospital stays related to (for example) a sports injury were
excluded, whereas the costs of hospital stays related to JIA (for
example, for treatment of disease flares or for complications related
to JIA treatment, such as infections), were included. A detailed
overview of all assumptions made is provided (see Supplementary
Table 1, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24621).

SIGNIFICANCE & INNOVATIONS
• To the best of our knowledge, this is the first study

in the world to quantify costs of hospital-associated
care in juvenile idiopathic arthritis (JIA) subtypes
while simultaneously providing insights into
patient-level variations in costs and trends in costs
over the treatment course.

• This study provides high-level evidence that, when
implementing personalized treatments, the costs
of early, intensive treatment strategies in patients
with severe JIA should be offset against its benefits
and costs over the long term.
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Analysis. Results were presented for all JIA patients in gen-
eral and by JIA subtype. Patients with persistent oligoarthritis
were further subdivided into antinuclear antibody (ANA) negative
oligoarthritis and ANA positive oligoarthritis cohorts. Costs over
the period of follow-up were reported as costs/patient/year in
the years following JIA diagnosis. In other words, for a patient
diagnosed with JIA on April 6, 2012, the first year of follow-up
spans the time between April 6, 2012 and April 6, 2013. As a con-
sequence, hospital-related costs immediately after JIA diagnosis
were unavailable for patients diagnosed before April 1, 2011.
These patients were, however, included in the calculation of
hospital-related costs up to 10 years after JIA diagnosis. The
analysis was performed in R (version 3.5.3) using the packages
dplyr, ggplot2, lubridate, and plotrix (22–26). Patients and/or the
public were not involved in the design, conduct, reporting, or dis-
seminating of the results of this study.

RESULTS

A total of 691 patients were included in the study,
including 447 girls (65%) and 244 (35%) boys, with a median
age at diagnosis of 8 years and a median duration of follow-
up of 4.9 years. The study excluded 278 patients (see Sup-
plementary Figure 1, available on the Arthritis Care &

Research website at http://onlinelibrary.wiley.com/doi/10.
1002/acr.24621). Table 1 shows a detailed overview of
patient characteristics.

The impact of JIA on hospital costs. The overall mean
hospital cost of JIA was €3,784/patient/year, of which €2,103
(55.6%) was attributable to medication costs and €1,681
(44.4%) to costs of other hospital-based services. Hospital costs
varied substantially between subtypes, with the highest mean
costs in systemic JIA (€7,772/patient/year), followed by RF+

polyarticular JIA (€6,906/patient/year). When multiplying the costs
per patient with the number of patients in each JIA subgroup,
patients with polyarticular RF– JIA (n = 144) contributed most to
the hospital costs (i.e., 25.4%). A detailed overview, including
the distribution of costs of other hospital-based services into sub-
categories, is shown in Table 2.

Variation in costs between individual patients. As
the mean annual costs presented in Table 2 differed substan-
tially on an individual patient level, the mean annual costs per
patient (over their entire follow-up period) were visualized in a
histogram, resulting in a strongly right skewed distribution
(Figure 1). More specifically, 471 (68.2%) of 691 patients had
mean annual costs ranging between €0/patient/year and
€2,500/patient/year, and only 11 patients had mean annual
costs of €25,300 or higher. Eight of these patients with mean
annual costs between ~€31,000 and ~€119,000 were not
shown as these were out of range in Figure 1. These costs
involved 8 patients with systemic JIA or polyarticular RF+ JIA
in which high costs were mainly attributable to medication use
(i.e., canakinumab [n < 5; the exact number is not provided in
order to prevent traceability of the study’s results to individual
patients] and/or intravenous tocilizumab [n = 6]) and to hospital
stays.

When considering the histograms for the different types of
hospital-based services (including medication), similar right-
skewed distributions were observed (see Supplementary
Figure 2, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24621). The only
category in which the distribution was more evenly distributed
involved costs of consultations with pediatric rheumatologists.
As a fixed cost of €159.94 per consultation was applied in the cur-
rent analysis (regardless of the duration of the appointment), this
figure also represents the distribution of how frequently JIA
patients visited a pediatric rheumatologist. Therefore, this data
indicates that consultations with pediatric rheumatologists also
occurred in patients who, on average, had low JIA-related hospi-
tal costs.

Variation of costs over the course of JIA treatment.
Figure 2 shows the mean monthly total hospital costs for JIA
treatment over 10 years of follow-up. Each point in the graph rep-
resents the mean monthly hospital costs when taking the average
over the patients for whom data was available for each of the time
periods during the 120 months of follow-up (with 0 representing
the moment of JIA diagnosis).

This figure demonstrates that the mean monthly total hospital
costs peaked in the month following JIA diagnosis (i.e., €913) and
tended to decrease over the course of follow-up. When excluding
costs of medication use, this decrease was more pronounced (see
Supplementary Figure 3, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24621),

Table 1. Characteristics of patients included in the analysis*

Total number 691 (100)
Age at JIA diagnosis, median (IQR) years 8.0 (4.0–12.6)
Duration of follow-up, median (IQR) years 4.9 (2.8–7.0)
Male sex 244 (35%)
JIA subtype
Oligoarticular persistent JIA 294 (42.5)
ANA– 147 (21.3)
ANA+ 147 (21.3)

Polyarticular JIA 175 (25.3)
RF– 144 (20.8)
RF+ 31 (4.5)

Extended oligoarticular JIA 70 (10.1)
Enthesitis-related JIA 59 (8.5)
Systemic JIA 57 (8.2)
Psoriatic arthritis 29 (4.2)
JIA undifferentiated 7 (1.0)

* Values are the number (%) unless indicated otherwise.
ANA = antinuclear antibody; IQR = interquartile range; JIA = juvenile
idiopathic arthritis; RF = rheumatoid factor.
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attributable to the fact that costs of medication use peaked
after ~25 months of follow-up. When plotting the costs for
the other types of hospital-based services over time, results
show a peak in costs at the time of JIA diagnosis for costs
of hospital stay, consultations with pediatric rheumatologists
and other within-hospital specialists, as well as for radiology
and laboratory testing (see Supplementary Figure 4, available
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24621). In addi-
tion, regardless of the duration of follow-up, the majority of
costs were attributable to hospital stays and consultations with
pediatric rheumatologists and other within-hospital specialists,
whereas costs of laboratory testing, radiology, surgeries, and
ED visits only contributed to a minority of these costs.

Finally, our study demonstrates that, although costs of
hospital-associated care for JIA treatment may decrease over
time, costs of systemic JIA tended to peak after ~25 months of
follow-up (attributable to the <5 patients who received canakinu-
mab), which explains the peak in medication costs at this time
point (see Supplementary Figure 5, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24621). The mean monthly total hospital costs
specified according to JIA subtype are also shown. A detailed
analysis of medication use and their accompanying costs, how-
ever, falls outside the scope of the current analysis but has been
described in another study (27).

DISCUSSION

The overall mean hospital costs of JIA were €3,784/patient/
year, of which 55.6% was attributable to medication use. These
costs varied considerably between patients. Systemic JIA
patients incurred (on average) the highest annual costs, which
were primarily attributable to medication use and secondarily to
hospital stays. The majority of the costs for hospital stays for sys-
temic JIA patients occurred within the first month after diagnosis.
Costs of other hospital-based services, like specialist consulta-
tions, laboratory testing, radiology procedures, ED visits, and sur-
geries were comparable between JIA subtypes (except for
undifferentiated JIA). In contrast to medication costs, costs of
other hospital-based services peaked in the first month after JIA
diagnosis and decreased over time.

The annual hospital costs reported in this study were rela-
tively low because, in contrast to other cost studies in JIA
(6,8,9,28), this study included all patients regardless of their dis-
ease state. In line with our results, Minden et al reported that costs

Figure 1. Histogram of the distribution of mean annual total hospital
costs (including medication) per patient over the period of follow-up
for each individual patient in the database, regardless of juvenile idio-
pathic arthritis (JIA) subtype. Eight patients (with systemic JIA or poly-
articular rheumatoid factor–positive JIA) with average annual costs
ranging from ~€31,000 to ~€119,000 are not shown as associated
data were out of range of this figure. N = number.

Figure 2. Mean monthly total hospital costs per patient (including medication) over the course of follow-up. Circles represent the mean costs for
the set of patients for which data was available during the different months of follow-up during the 120months. Logistic regression was used to fit a
line through the data points. 0 = the moment of juvenile idiopathic arthritis diagnosis.
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vary strongly depending on patients’ disease state, with patients
with active disease having mean annual costs of €5,681 com-
pared with €782 for patients whose disease was in remission
(29). When considering medication costs, previous studies found
that (if biologics were used) medication costs contributed to
almost half of the health care costs of JIA patients (7,30,31),
which is in line with the 55.6% found in the current study. How-
ever, the rise in use of biologics over time (i.e., 31% in the current
study versus 6% in the study by Minden et al [30]) as well as the
fluctuations in prices of biologics makes these numbers hard to
compare.

In the current study, the maximum duration of follow-up was
8 years (i.e., from 2011 to 2019) but differed between patients.
Therefore, this study generally did not capture the entire patient’s
disease course (i.e., from JIA diagnosis until reaching the age of
18). As a consequence, total costs of JIA treatment on an individ-
ual patient level could not be calculated. Costs were therefore
expressed as mean costs per patient per year or per month of
follow-up. This approach allowed for inclusion of most of the avail-
able data in the analysis. In addition, it allowed inclusion of
patients who were recently diagnosed with JIA. Despite the rela-
tively short duration of follow-up, the inclusion of these recently
diagnosed patients was nevertheless highly desirable and neces-
sary as treatment strategies in JIA and costs for medication are
continuously evolving.

The current analysis used fixed cost prices, indicating that
price fluctuations over time (e.g., for biologics) were not incorpo-
rated. Such an approach was taken because the moment of JIA
diagnosis was used as starting point of the analysis. To illustrate
this approach, patients were analyzed as being in their first year
of follow-up (i.e., the first year following JIA diagnosis), regardless
of whether this diagnosis was established in, for example, 2011
or 2018.

Although differences in annual hospital costs between indi-
vidual patients are (inevitably) caused by differences in disease
severity, they are also attributable to the part of the treatment
course captured for each patient between April 1, 2011 and
March 31, 2019. In other words, for some patients, data may
have been available for the first 2 years after JIA diagnosis,
whereas for other patients, only a period of inactive disease was
captured. In addition, fluctuations in treatment intensity on an indi-
vidual patient level further increase the variability in annual hospital
costs. Consequently, including uncertainty boundaries with
regard to patient-level outcomes would have led to extremely
large confidence intervals. Furthermore, as the annual hospital
costs were strongly right skewed (which is common with cost
data), reporting medians would disregard this skewness and thus
underestimate the effect of rare cost-intensive cases. Therefore,
histograms are preferred in health economic decision-making to
visualize patient-level variations in costs (32).

Treatment options for JIA continue to develop, indicating that
the costs and health impact of JIA have changed significantly over

the last years, which is especially attributable to the rise in the
availability and use of biologics (9). In order to increase the likeli-
hood that patients were comparable at each year of follow-up,
the duration of follow-up was limited to 10 years after JIA diagno-
sis. Also, as the maximum duration of follow-up a patient could
reach before his/her 18th birthday depended on the age at JIA
diagnosis (e.g., a patient diagnosed at the age of 12 could reach
a maximum follow-up of 6 years), the number of patients
decreased over time (i.e., from 426 in year 1 to 133 by the end
of year 10). A duration of follow-up longer than 10 years would
have decreased the reliability of the mean annual costs, as fluctu-
ations in costs over time would then primarily be attributable to
the large variation in costs between individual patients.

One strength of the present study is that it is the first patient-
level analysis of hospital costs in a large database for different JIA
subtypes and over the course of JIA treatment. More specifically,
the number of studies that have investigated health care–related
resource use and costs in JIA is limited (14), and many of these
studies did not distinguish costs between subtypes of JIA,
focused on a specific subtype, or did not investigate changes in
health care–related costs over the course of JIA treatment.

Another strength of our study is that it is expected to provide
an accurate representation of the average costs of all patients
with a diagnosis of JIA, regardless of disease or medication state.
To illustrate this, this study also included patients that have not
received treatment or visited their pediatric rheumatologists for a
substantial amount of time. Disease in these patients was most
likely in remission, which was associated with considerably lower
treatment costs (29).

This study also has some limitations. One limitation is that data
on physician visits within the hospital (other than pediatric rheuma-
tologist visits) were only available up to December 12, 2018, indi-
cating that visits during the last 3.5 months of the 96 months
database were missing. This is expected to represent an underes-
timate of costs of other physician visits with €12/patient (i.e., €336/
patient instead of €324/patient). However, as the frequency as well
as the type of physician visits differed considerably between JIA
subtype, between patients, and over the course of follow-up,
extrapolating these costs was considered to incur more uncer-
tainty compared to the current underestimation.

Another limitation of the current study is that costs occurring
outside the hospital (e.g., including costs of visits to a regional
physiotherapist or ophthalmologist) as well as out-of-pocket
costs and productivity losses for patients, parents, and caregivers
are expected to substantially impact the societal costs of JIA
(8,9,14,33), but this was beyond the scope of this retrospective
analysis of hospital costs. Nevertheless, it is critical to evaluate
these costs. Therefore, the impact of JIA on the overall costs to
society is currently investigated in a large multicenter, international
prospective collaborative study into management strategies for
JIA, conducted in Canada and The Netherlands, named UCAN
CAN-DU (https://www.ucancandu.com/). The findings of the
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current study will be used to optimize the methodology of UCAN
CAN-DU.

Our study yields implications for practice and generalizability.
We found major differences in hospital-related resource use
between patients, which emphasizes that JIA-related treatment
costs also need to be analyzed at the individual level. More specif-
ically, future studies should investigate the impact of early, inten-
sive treatment in patients with severe JIA on resource use and
costs for the short- and long-term and offset these against health
outcomes like the Juvenile Disease Activity Score or the EuroQoL
5-Dimension 5-Level (EQ-5D-5L) measure.

The present study was conducted as a single-center study
that is known to be the largest JIA treatment center in The
Netherlands. Because patients participating in pharmaceutical-
sponsored studies were excluded, this ensures results are highly
representative of current practice. The extent to which the results
are generalizable to other countries will however depend on differ-
ences in costs as well as access to hospital resources. An exam-
ple of such differences is that in The Netherlands, anakinra is
recommended as first-line treatment in systemic JIA patients
(34), a medication that is not reimbursed in all countries. There-
fore, this generalizability will largely depend on similarities and dif-
ferences between treatment protocols.

In conclusion, hospital-care associated costs of JIA vary
substantially between individual patients and between JIA sub-
types. Mean annual costs were the highest for systemic JIA
patients and were primarily attributable to medication costs.
Costs of other hospital-based services were comparable regard-
less of JIA subtype. Except for medication use, costs of other
hospital-based services decrease after JIA diagnosis. Future
studies are required to capture the full impact of JIA to society,
including costs associated with JIA-related care as well as pro-
ductivity losses and out-of-pocket costs.
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Patient Acceptance of Nurse Practitioners and Physician
Assistants in Rheumatology Care

Karen Frazier,1 Kathryn A. Paez,1 Emily Creek,2 Arlene Vinci,2 Andrew Amolegbe,1 and Arifah Hasanbasri1

Objective. To assess whether patients with autoimmune disease would accept advanced practice providers
(APPs) as an option to fill the growing shortage of rheumatologists.

Methods. We administered a cross-sectional survey to 500 patients or parents of children who reported having
been diagnosed with qualifying autoimmune conditions and who had seen their primary rheumatology providers in
the past 6 months. Respondents self-reported whether their primary providers were rheumatologists or APPs. Our
analysis compared the attitude and experience of the patients whose primary rheumatology providers were APPs with
those of patients whose primary providers were rheumatologists.

Results. Of respondents, 36.8% reported having APPs as primary rheumatology providers. Patients of APPs were
significantly more likely to arrive at their provider’s office in 15 minutes or less (P < 0.01) and to be able to schedule rou-
tine and urgent appointments sooner (P = 0.02 and 0.05, respectively). There were no significant differences in overall
patient experience of care between provider types. Most patients rated their providers highly, but those who saw rheu-
matologists rated their providers significantly higher (P < 0.01). Patients of APPs were significantly more likely than
patients of rheumatologists to prefer to see APPs over rheumatologists (P < 0.01) and to recommend APPs (P < 0.01).

Conclusion. APPs may improve access to care and, regardless of provider type, patients rated their overall expe-
rience of care similarly. Overall, patient attitudes toward APPs were positive regardless of provider type, although
APP patients held more positive overall attitudes toward APPs than did rheumatologist patients.

INTRODUCTION

There is a gap between the need for rheumatology care and

the supply of specialists, and this gap is projected to grow expo-

nentially in upcoming years, with the shortage projected to

increase from 1,769 full-time specialists in 2020 to nearly 5,000

in 2030 (1). Meeting the projected shortage will require increasing

the 2015 American College of Rheumatology (ACR) estimates of

6,050 full-time rheumatology providers by 83%. The growing

need for rheumatology care is fueled by the aging patient popula-

tion and rheumatology workforce and the growing prevalence of

autoimmune conditions. The number of people in the US found

to have antinuclear antibodies (the most common biomarker of

autoimmunity) grew by more than 19 million in 25 years, an

increase in prevalence from 11% to 16% (2). Meanwhile, the

supply of rheumatologists, projected in 2015 to be less than

5,600 full-time providers (1), is declining as more providers retire

and are replaced by new medical graduates who choose to work

fewer hours per week and see fewer patients (1). Current access

to rheumatology care can be challenging, with the existing work-

force unevenly distributed across the country (1). In 2015, 5 states

had <15 practicing adult rheumatologists, while half of states had

≤3 practicing pediatric providers (1). Some rural residents travel

≥200 miles for an appointment with a rheumatology specialist (1).
To improve access to care in the face of this shortfall, the

2015 ACR Workforce Study recommended the ACR and the

Association of Rheumatology Professionals adopt strategies to

increase the inclusion of nurse practitioners (NPs) and physician

assistants (PAs) in rheumatology care and provide appropriate

training to prepare them. Advanced practice providers (APPs),

which comprise NPs and PAs (3), specializing in rheumatology

work independently to evaluate and treat patients, interpret and

deliver test results, perform procedures, and prescribe medica-

tions (4,5). In addition, rheumatology practices with and without

APPs see patients with similar characteristics, including disease

activity, and have comparable prescribing patterns. However,

those rheumatology practices that employ APPs report more

patient visits than those without APPs (6).
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Most research on the quality of care provided by APPs has
been conducted in primary care or emergency departments rather
than specialty care settings. Studies have found, with 1 exception
(7), that care provided by APPs or physician-led teams that
included APPs was comparable to, if not better than, care provide
by physicians alone (8–18). In the exceptional case, researchers
found that, among primary care clinicians treating diabetic patients
with multiple chronic conditions, APPs were less likely than physi-
cians to make a change in a patient’s treatment when that patient
showed elevated blood pressure during a visit (7). The few studies
within medical subspecialties of physician-only teams or practices
versus those including APPs found that teams and practices with
APPs provided care that was better than or equivalent to those
without APPs. These conclusions were based on indicators such
as readmission rates, medication adherence, or quality metric rat-
ings from patients with cirrhosis or cardiovascular disease (19–21).

Despite studies showing equivalence in quality of care pro-
vided by APPs and physicians, only about one-quarter of rheuma-
tologists employed APPs in their practices in 2015, with APPs
making up just 7.5% of the adult and 8% of the pediatric rheuma-
tology workforce (1). In addition, the research is silent on the
extent to which rheumatology patients accept APPs for their care.
To fill in the gap, the present study sought to assess whether
patients with autoimmune disease would accept APPs as their
rheumatology providers, thereby helping fill the growing shortage
of rheumatologists. To answer this question, we surveyed
patients and parents of children with autoimmune disease and
compared the attitudes and experience of those patients whose
primary rheumatology providers were APPs with those of patients
whose primary providers were rheumatologists.

MATERIALS AND METHODS

Survey sample and recruitment. We surveyed
500 patients who reported having been diagnosed with a

qualifying autoimmune condition or parents of children who met
the same criteria. Inclusion criteria required that all respondents
report having seen their primary rheumatology providers in the
past 6 months. Adult respondents qualified if they reported having
been diagnosed with at least 1 of the following diseases: rheuma-
toid arthritis (RA), psoriatic arthritis, ankylosing spondylitis, juvenile
arthritis persistent to adulthood, or lupus. Parents of children who
had been diagnosed with at least 1 of the following illnesses also
qualified: juvenile idiopathic arthritis, juvenile myositis, juvenile
lupus, juvenile scleroderma, vasculitis, or fibromyalgia. The Amer-
ican Institutes for Research’s Institutional Review Board reviewed
this study and determined it to be exempt.

A survey research firm recruited respondents using Dynata’s
US-based nonprobability web panel of 31 million people (22)
because of the low prevalence of those with autoimmune disease
and the limited number of APPs employed at rheumatology prac-
tices across the US (1). The firm invited participants from the opt-
in panel through email and ended data collection when
500 respondents completed the survey. To ensure the successful
recruitment of respondents whose primary providers were APPs,
the firm oversampled in metropolitan areas known by the Arthritis
Foundation to have APPs employed in rheumatology practices
and in more than 250 areas with large- to mid-size NP and PA
credentialing programs. The firm administered the survey online
in English and Spanish from March 24 through April 16, 2020.

Survey data and measures. The research team devel-
oped the survey to gather data on respondent demographic char-
acteristics, disease activity and severity, provider access and visit
characteristics, respondent attitudes toward APPs, and experi-
ence of care. Respondents were asked to self-report whether
their primary rheumatology provider was a rheumatologist or
an APP.

Global disease activity. The survey used 2 patient global
assessments to assess disease activity, including 1 for adults
and 1 for children. These assessments asked respondents to rate
the activity of their autoimmune condition in the last month on a
10-point scale and rate their health in the last month, considering
only their autoimmune condition (23).

Physical and mental health. To measure adult health, the sur-
vey included the Short Form 12 health survey version 2 (SF-12v2),
which is a shortened version of the SF-36 health survey (a health-
related quality-of-life measure) (24–27). The SF-12v2 assesses
8 domains, including general physical and mental health, physical
and social functioning, physical and social limitations, bodily pain,
and vitality, to establish a physical component summary (PCS)
and mental component summary (MCS) score. The nationally
reported mean for each component is 50 (31). To assess physical
functioning in children, the questionnaire included the Juvenile
Arthritis Functional Assessment Report for Parents (JAFAR-P), a
functional assessment of juvenile idiopathic arthritis patients com-
pleted by parent proxy (28). The JAFAR-P includes 23 questions

SIGNIFICANCE & INNOVATIONS
• Regardless of whether their primary providers were

rheumatologists or advanced practice providers
(APPs), respondents were favorable about their
overall experience of care and rated the 2 care
experiences similarly.

• Respondent attitudes toward APPs were positive
regardless of provider type, although patients of
APPs held more positive overall attitudes toward
APPs than did patients of rheumatologists.

• For some, particularly for parents of children with
autoimmune conditions, travel to a rheumatology
provider may be burdensome and incorporating
APPs into rheumatology care may improve access
to care.
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about physical functioning during the past week with 3 response
options, including “all the time,” “sometimes,” and “almost
never.” Total scores for the JAFAR-P range from 0 to 46, with
lower scores representing higher functioning (28). We also
included 4 questions from the Patient-Reported Outcomes Mea-
surement Information System parent proxy fatigue SF-10, rated
on a Likert scale from “never” to “often.”

Provider visit activities and access to care. We created de
novo questions about activities the respondents’ providers
engaged in during an appointment, such as a physical exam, pre-
scribing medicine, or recommending additional treatments (see
Supplementary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24618).
We also created de novo questions asking participants howmany
miles and minutes they had to travel for an appointment, how long
they spent at the provider’s office for an appointment, and how

often they accepted appointments with APPs to get earlier
appointments in the last 6 months (for respondents whose pri-
mary providers were rheumatologists) (Supplementary Table 1).

Attitudes toward APPs. To assess respondent attitudes
toward APPs, the survey included 6 statements (adapted from
the Nurse Practitioner Satisfaction Survey [NPSS]) about their
perspectives on APPs (see Supplementary Table 1, available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24618). Respon-
dents were asked to rate their agreement with each statement
from “strongly disagree” to “strongly agree” (29).

Experience of care. Finally, to assess patients’ experience of
care, the survey incorporated core questions tailored from the
Adult and Child Consumer Assessment of Healthcare Providers
and Systems (CAHPS) Clinician & Group (CG) surveys, including
select supplemental items from the CG CAHPS and CAHPS Can-
cer Care surveys. CAHPS assesses patient experiences with their

Table 1. Patient characteristics*

All Rheumatologist patients APP patients P

All respondents 100.0 (500) 63.2 (316) 36.8 (184)
Adult 89.0 (445) 85.8 (271) 94.6 (174) <0.01
Child 11.0 (55) 14.2 (45) 5.4 (10) <0.01

Age, mean ± SD years
Adult 57.6 ± 15.8 58.7 ± 15.4 55.8 ± 16.2 0.06
Children 9.6 ± 3.6 9.4 ± 3.6 10.7 ± 3.6 0.31

Women 57.0 (285) 58.5 (185) 54.4 (100) 0.36
Race
White 86.4 (432) 88.6 (280) 82.6 (152) 0.06
Black 10.6 (53) 9.2 (29) 13.0 (24) 0.18
Asian, Native Hawaiian, other
Pacific Islander

3.6 (18) 3.2 (10) 4.4 (8) 0.49

Other 2.8 (14) 2.9 (9) 2.7 (5) 0.93
Ethnicity, Latino 11.4 (57) 12.0 (38) 10.3 (19) 0.56
Education 0.03
Some high school or less 4.7 (21) 3.0 (8) 7.5 (13)
High school graduate or GED 29.2 (130) 27.7 (75) 31.6 (55)
Some college or 2-year degree 31.2 (139) 31.7 (86) 30.5 (53)
4-year college graduate or more 34.8 (155) 37.6 (102) 30.5 (53)

Geography 0.04
Large urban 15.1 (75) 18.5 (58) 9.3 (17)
Mid-size urban 20.9 (104) 19.1 (60) 24 (44)
Suburban 48.7 (242) 49 (154) 48.1 (88)
Small town 7.7 (38) 7 (22) 8.7 (16)
Rural 7.7 (38) 6.4 (20) 9.8 (18)

Years since diagnosis
Adults, >2 years ago 76.6 (340) 79.0 (214) 72.8 (126) NA
Children, <2 years ago 77.8 (42) 79.5 (35) 70.0 (7) NA

Disease activity in last month,
mean ± SD

6.3 ± 2.7 6.4 ± 2.8 6.1 ± 2.5

More active (rating 7–10) 52.6 (263) 53.8 (170) 50.5 (93) 0.48
Less active (rating 0–6) 47.4 (237) 46.2 (146) 49.5 (91)

SF-12 PCS score, mean ± SD† 39.2 ± 9.5 39.4 ± 9.8 39.1 ± 9.1 0.76
SF-12 MCS score, mean ± SD† 46.4 ± 10.6 47.5 ± 10.4 44.7 ± 10.7 0.01
JAFAR-P score, mean ± SD‡ 10.6 ± 9.8 9.8 ± 9.6 13.9 ± 10.4 0.24

* Values are the percent (number) unless indicated otherwise. APP = advanced practice providers; GED = general
educational development; JAFAR-P = Juvenile Arthritis Functional Assessment Report for Parents; MCS = mental
component summary score; NA = not available; PCS = physical component summary score; SF-12 = Short Form
12 health survey.
† Average = 50 ± 10.
‡ Total scores range from 0 to 46, with lower scores representing higher functioning.
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primary rheumatology providers in the last 6 months. These expe-
riences concern accessing care, provider communication and
care coordination, provider education and promotion of healthy
behaviors, support for managing effects of arthritis and treatment,
and participatory decision-making. The response scale is
“never,” “sometimes,” “usually,” “always” or “yes, definitely,”
“yes, somewhat,” and “no.” Respondents provide an overall rat-
ing of their provider on a scale from 0 to 10, with a higher score
indicating a better rating.

Statistical analysis. The survey firm weighted the data to
ensure the demographic profile of the sample matched the profile
of the target population as estimated from the 2018 National Cen-
ter for Health Statistics’ National Health Interview Survey (NHIS)
data (30). The first stage of weighting was the application of a
base weight to account for different selection probabilities and
response rates across sample strata. In the second stage of
weighting, the firm used raking to match sample demographic
characteristics to population parameters. A survey was consid-
ered complete if the respondent reached the final demographic
question. On average, the survey took 13 minutes to complete
and, to ensure data quality, cases were deleted if the length of
the interview was <4.3 minutes. In addition, the survey firm
deleted cases if the respondent selected the same answer for
every question in ≥2 series of questions that presented the same
set of response options.

We used Stata, version 15.1 for all analyses and calculated
descriptive statistics for overall responses and by provider type.
Nominal and ordinal data were described as percentage (number)
and continuous data as mean ± SD. To identify differences
between respondents primarily seeing rheumatologists versus
APPs, we conducted 2-sample Wilcoxon rank-sum tests for ordi-
nal data, 2-sample t-tests for continuous data, and chi-square
tests for nominal data. In addition, we conducted analysis of
covariance (ANCOVA) tests to further investigate differences in

CAHPS composite scores and attitudes toward APPs while
controlling for age, education, and general health ratings.
P values less than 0.05 were considered significant.

RESULTS

Of the 500 survey respondents, 36.8% (184) reported having
APPs as primary rheumatology providers (Table 1). Of those,
94.6% (174) were adults who reported having been diagnosed
with autoimmune conditions, and 5.4% (10) were parents who
reported the same for their child. Of the participants who reported
seeing rheumatologists, 85.8% (271) were adults and 14.2%
(45) were parents of children with autoimmune conditions.

More than half of the respondents were female, and 86%
were White; there was no significant difference in terms of sex or
race between respondents who saw rheumatologists and those
who saw APPs. Adult respondents with at least a 4-year college
degree (34.8% of adults) were more likely to see rheumatologists
than APPs (P = 0.03) compared to those respondents with less
education. Relatively few respondents lived in small towns
(7.7%) or rural areas (7.7%), with most respondents concentrated
in suburban areas or mid-sized to large urban areas. Respon-
dents in large urban areas tended to see rheumatologists rather
than APPs (P = 0.04).

The most common diagnosis for adults was RA (83%), while
juvenile idiopathic arthritis was most common for children
(65.5%), as shown in Table 2. Among adults with RA, a greater
proportion of patients saw rheumatologists than APPs (87.5%
versus 77.6%; P = 0.01). A notable proportion of children were
diagnosed with juvenile lupus (29.1%), fibromyalgia (27.3%), and
juvenile scleroderma (25.5%). Most adults were diagnosed with
autoimmune conditions >2 years before, while most children
had been diagnosed <2 years before. Reported disease activity
varied, with 52% of respondents reporting that their (or their
child’s) disease had been active in the last month (Table 1). In

Table 2. Condition types of patients*

All
respondents

Rheumatologist
patients

APP
patients P

Adult conditions
Rheumatoid arthritis 83.6 (372) 87.5 (237) 77.6 (135) 0.01
Psoriatic arthritis 13.9 (62) 12.9 (35) 15.5 (27) 0.44
Ankylosing spondylitis 11.5 (51) 10.3 (28) 13.2 (23) 0.35
Juvenile arthritis persistent to adulthood 5.2 (23) 3.3 (9) 8.1 (14) 0.03
Lupus 9.4 (42) 10.7 (29) 7.5 (13) 0.26

Childhood conditions
Juvenile idiopathic arthritis 65.5 (36) 71.1 (32) 40.0 (4) 0.06
Juvenile myositis 16.4 (9) 15.6 (7) 20.0 (2) 0.73
Juvenile lupus 29.1 (16) 26.7 (12) 40.0 (4) 0.40
Juvenile scleroderma 25.5 (14) 28.9 (13) 10.0 (1) 0.22
Vasculitis 18.2 (10) 20.0 (9) 10.0 (1) 0.46
Fibromyalgia 27.3 (15) 20.0 (9) 60.0 (6) 0.01

* Values are the percent (number) unless indicated otherwise. APP = advanced practice providers.
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reporting adult health through the SF-12 health survey, there were
no significant differences between the physical health scores of
adults seeing each type of provider, with the mean ± SD PCS
score (39.2 ± 9.5) for all adults. Respondents whose primary pro-
viders were rheumatologists scored 2.8 points higher on mental
health than those seeing APPs (mean ± SD MCS score 47.5
± 10.4 versus 44.7 ± 10.7; P = 0.01). Parents of children reported
high physical functioning, with a mean ± SD score on the
JAFAR-P of 10.6 ± 9.8 and no significant differences between
physical function by provider.

Access to care.Most respondents traveled ≤30 minutes to
their providers’ offices (70.6%), with 31.3% traveling ≤15 minutes
(Table 3). Compared to urban residents, respondents living in any
of the 4 less-populated geographic areas were 2–3 times more
likely to see an APP than a rheumatologist (P <0.01–0.03)
(Table 4). Respondents seeing APPs were significantly more likely
than those seeing rheumatologists to arrive at their provider’s
office in ≤15 minutes (P < 0.01). Notably, 72.6% of adults, but
only 53.7% of children, were able to travel to their providers within
30 minutes. When scheduling routine appointments, 67.8% of
respondents reported being able to get an appointment within
1 week, with those seeing APPs significantly more likely to be able
to schedule an appointment sooner than those seeing rheumatol-
ogists (P = 0.02). Similarly, the majority of respondents were able
to schedule an urgent appointment within ≤3 days (76.8%), with
those seeing APPs significantly more likely to get an appointment

sooner than those seeing rheumatologists (P = 0.05). Most
respondents reported that their providers “usually” or “always”
spent enough time with them (88.3%), with no significant
differences between provider types.

Patient experience. There were no significant differences
between patients of rheumatologists and APPs in patient experi-
ence of care or the types of activities providers performed. When
reporting their experience with their providers in the last 6 months
(using CAHPS composite scoring), respondents rated them
highly on measures of care coordination provider communication,
and provider communication with the child (mean ± SD 80.1
± 22.5, 84.4 ± 19, and 78.3 ± 22.2, respectively) (Table 5).
Respondents rated their providers slightly lower on access to
care (mean ± SD 71.4 ± 25.1).

Overall, most respondents rated their providers highly; how-
ever, those respondents who saw rheumatologists rated their

Table 3. Patient access to care*

All
respondents

Rheumatologist
patients

APP
patients P

Minutes traveling to provider’s office <0.01
≤15 31.3 (155) 26.0 (82) 40.6 (73)
16–30 39.3 (195) 39.9 (126) 38.3 (69)
31–45 17.7 (88) 18.7 (59) 16.1 (29)
45 to 1 hour 6.7 (33) 8.5 (27) 3.3 (6)
>1 hour 3.6 (18) 4.8 (15) 1.7 (3)
>2 hours 1.4 (7) 2.2 (7) 0.0 (0)

Routine appointment scheduling time 0.02
≤1 day 20.4 (89) 18.1 (49) 24.1 (40)
2 days to ≤1 week 47.4 (207) 46.5 (126) 48.8 (81)
>1 week to ≤1 month 23.3 (102) 23.6 (64) 22.9 (38)
>1 month 8.9 (39) 11.8 (32) 4.2 (7)

Urgent appointment scheduling time,
days

0.03

Same day 19.3 (35) 15.3 (15) 24.1 (20)
1 19.9 (36) 19.4 (19) 20.5 (17)
2–3 37.6 (68) 35.7 (35) 39.8 (33)
4–7 14.4 (26) 18.4 (18) 9.6 (8)
>7 8.8 (16) 11.2 (11) 6 (5)

Provider spent enough time with patient 0.21
Never 2.0 (10) 1.9 (6) 2.2 (4)
Sometimes 9.7 (48) 8.6 (27) 11.7 (21)
Usually 25.8 (127) 25.2 (79) 26.8 (48)
Always 62.5 (308) 64.3 (202) 59.2 (106)

* Values are the percent (number) unless indicated otherwise. APP = advanced practice providers.

Table 4. Likelihood of patient seeing an APP versus a rheumatolo-
gist in various population densities*

OR (95% CI) P

Urban† –

Mid-size urban 2.5 (1.29–4.87) 0.01
Suburban 1.9 (1.07–3.56) 0.03
Small town 2.5 (1.07–5.75) 0.03
Rural 3.1 (1.33–7.08) 0.01

* 95% CI = 95% confidence interval; APP = advanced practice pro-
viders; OR = odds ratio.
† Urban population density was the comparison group.
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providers significantly higher (mean ± SD 88.2 ± 14.8) than did
respondents who saw APPs (mean ± SD 80.5 ± 18.9; P < 0.01).
In addition, most respondents seeing rheumatologists (93%) and
APPs (88.4%) rated their providers as “usually” or “always”
showing respect for what they had to say, although the difference
was statistically significant (P = 0.05). Similarly, most respondents
seeing rheumatologists (87.3%) and those seeing APPs (82.3%)
reported that their providers “usually” or “always” knew their
medical history, but those seeing rheumatologists were more
likely to report this than those seeing APPs (P = 0.02).

Respondent attitudes toward APPs. Half of respon-
dents who primarily saw rheumatologists accepted earlier
appointments with APPs in the past 6months. For the 6 questions
assessing perspectives on APPs from the NPSS, the mean ± SD
for respondents seeing APPs (mean ± SD 71.8 ± 19.8) was
higher than for those seeing rheumatologists (mean ± SD 65.4
± 20.3), even when adjusted for age, education, and health status
(P < 0.01) (see Table 6, and Supplementary Figure 1, available on
the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24618). This difference in scores was
driven by the fact that there were significant differences by pro-
vider type for 2 questions, including preference to see an APP
over a rheumatologist and likelihood of recommending an APP.
More than 64% of respondents primarily seeing APPs and
26.1% of respondents primarily seeing rheumatologists agreed

or strongly agreed that they preferred to see an APP over a rheu-
matologist (P < 0.01). More than 84% of respondents who saw
APPs agreed or strongly agreed that they would recommend an
APP, compared with 58.9% of respondents seeing rheumatolo-
gists (P < 0.01). Conversely, there were no significant differences
by provider type as to whether the respondents thought that
APPs were skilled health care providers, were knowledgeable
about health problems, or knew when to refer patients to or con-
sult with a physician. The Chronbach’s alpha value for the respon-
dent attitudes survey was 0.84A.

DISCUSSION

This study aimed to understand whether patients with auto-
immune conditions would accept APPs for their rheumatology
care by comparing the attitudes and experiences of people
whose primary rheumatology providers were APPs with those
who primarily saw rheumatologists. While some research exists
on the degree to which patients will accept care by APPs, studies
have focused mainly on primary care and emergency medicine,
with little attention paid to preferences or satisfaction across pro-
vider type in specialty areas like rheumatology. We found that
most people with autoimmune conditions were positive about
their care experience regardless of whether they primarily saw
APPs or rheumatologists, and that >40% of people, including
people seeing rheumatologists, would prefer to see APPs. These

Table 5. Patient experience*

All respondents Rheumatologist patients APP patients P

CAHPS composite scoring
Care coordination 80.1 ± 22.5 81.5 ± 21.8 77.7 ± 23.6 0.15
Provider communication 84.4 ± 19.0 85.6 ± 18.2 82.3 ± 20.1 0.20
Provider communication with child 78.3 ± 22.2 79.6 ± 21.5 73.3 ± 25.1 0.86
Access to care 71.4 ± 25.1 71.8 ± 26.2 71.0 ± 23.6 0.79

Provider rating 85.4 ± 16.9 88.2 ± 14.8 80.5 ± 18.9 <0.01

* Values are themean ± SD unless indicated otherwise. Data adjusted for age, education, and overall health status.
APP = advanced practice providers; CAHPS = Consumer Assessment of Healthcare Providers and Systems.

Table 6. Patient attitudes toward APPs*

All respondents Rheumatologist patients APP patients P

Likely to recommend an APP <0.01
Strongly agree 23.3 (116) 22.0 (69) 25.5 (47)
Agree 45.2 (225) 36.9 (116) 59.2 (109)
Disagree 20.7 (103) 26.4 (83) 10.9 (20)
Strongly disagree 10.8 (54) 14.7 (46) 4.4 (8)

Would prefer to see an APP <0.01
Strongly agree 13.8 (69) 12.4 (39) 16.3 (30)
Agree 26.5 (132) 13.7 (43) 48.4 (89)
Disagree 37.1 (185) 43.5 (137) 26.1 (48)
Strongly disagree 22.7 (113) 30.5 (96) 9.2 (17)

* Values are the percent (number) unless indicated otherwise. Data adjusted for age, education, and overall health
status, and questions selected and adapted from Nurse Practitioner Satisfaction Survey (ref. 29). No significant dif-
ference by provider type for whether respondent thought advanced practice providers (APPs) were skilled health
care providers, were knowledgeable about health problems, or knew when to refer patients to consult with a
physician.
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findings suggest that, if more APPs were brought into rheumatol-
ogy practices to address the projected shortage of 5,000 rheu-
matology providers in the next decade (1), a substantial number
of people would be receptive to APPs as their primary rheumatol-
ogy providers.

We found several significant differences in respondent char-
acteristics across primary provider types although these differ-
ences did not indicate racial or ethnic disparities. People seeing
APPs were less likely to have a 4-year degree. They were also less
likely to live in urban areas than people who saw rheumatologists,
perhaps because practices in more densely populated areas had
less need to supplement their rheumatology workforce with APPs
or because APPs were more willing to live in small town and rural
settings. Respondents had similar autoimmune disease activity
and severity regardless of primary provider type. Overall, adults
had lower mental health scores than the general population,
although adults seeing APPs compared to those seeing rheuma-
tologists scored lower on the mental health component of the
SF-12. There is no obvious reason for this difference.

In regard to access to care, this research reinforces that, for
some, travel to a rheumatology provider may be burdensome, par-
ticularly for parents of children with autoimmune conditions.
Respondents whose primary providers were APPs were more
likely to spend less time traveling to appointments, indicating that
increasing the supply of APPs with pediatric rheumatology training
could reduce the travel burden on parents and children with rheu-
matic conditions. With more local providers, patients could also
benefit from access to rheumatology providers who are know-
ledgeable about local health care resources (e.g., pharmacies,
availability of physical therapy). In addition, when scheduling both
routine and urgent appointments, patients were able to see APPs
more quickly than rheumatologists. Once at their appointments,
regardless of provider type, respondents reported being satisfied
that their providers spent enough time with them.

Moreover, we found that APPs and rheumatologists per-
formed essentially the same function and services for their
patients, including physical exams, prescribing medications, edu-
cating patients, and recommending treatments. And regardless
of primary provider type, patients rated their overall experience
of care similarly high. We found no differences by provider on care
coordination, provider communication, and access-to-care com-
posite scores. Finally, respondents’ overall rating of their APPs or
rheumatologists was high, but ratings by those seeing rheumatol-
ogists were significantly higher.

Our findings support previous research in primary care,
obstetrics and gynecology, and orthopedics, which have gener-
ally found no difference in satisfaction with the care provided by
NPs, PAs, or physicians (32,33), with 1 exception. One study
found a significant difference between provider types, with
patients of physicians showing higher satisfaction (compared with
patients who saw nurse practitioners) with their providers’ techni-
cal skill, personal manner, and time spent with them; however, the

researchers suggested that this difference was small. Other satis-
faction factors showed no difference between the 2 provider
types (16).

Overall, we found that patient attitudes toward APPs were
positive regardless of provider type, although APP patients held
more positive overall attitudes toward APPs than did rheumatolo-
gist patients. In addition, patients of rheumatologists demon-
strated a willingness to accept appointments with APPs in order
to be seen earlier. We also found that patients of APPs were more
likely to prefer seeing and recommending APPs to others than
were patients of rheumatologists. Patients of both provider types
had a high level of trust in APPs.

Our results confirm previous research that shows many
patients will accept care provided by an APP over that of a physi-
cian, depending on the context. For example, Dill et al found that
nearly half of patients surveyed would either select an APP over
a physician or had no preference when asked to choose a new
primary care provider (34). However, more than half of patients
would accept earlier appointments with an APP over waiting for
an appointment with a physician for acute care. In addition,
patients who had previous exposure to APPs were more likely to
choose an appointment with an APP over a physician (34). A sur-
vey of emergency department patients found that >50% of
patients were willing to see APPs in the context of a minor injury
or illness, but patient acceptance declined when the injury or ill-
ness was moderate or severe (35).

Although this study fills a gap in studying patient attitudes
toward working with APPs, it does have some limitations. First,
because of the low prevalence of the autoimmune conditions
included in the survey and the relatively few APP providers in
rheumatology care, respondents were recruited through an opt-
in panel rather than from the broader population. Recruiting
through an opt-in panel was determined to be the only feasible
approach to targeting this population, and the data were
weighted to a similar population (as identified through the NHIS).
In addition, because we oversampled in more densely populated
areas with APPs to ensure sufficient representation of their
patients, there are fewer respondents representing the experi-
ence of patients in rural areas. People living in rural areas may find
that getting autoimmune care from a primary care physician is
more feasible than traveling long distances for specialty care.

Finally, the survey was fielded contemporaneously with com-
munity and business closures early in the COVID-19 pandemic,
which could have impacted participant responses. Because major
health impacts of the pandemic were in a few major cities at this
time, namely the Northeast and Northwest, any overall health
impacts would likely have been limited. In advance of fielding the
survey, we reviewed all questions with a focus on whether the pan-
demic might affect participant responses, identifying only those
questions asking about the respondent’s mental or emotional
health. We do not believe that the pandemic meaningfully affected
the fundamental conclusions of the present study.
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In conclusion, because a substantial portion of people with
autoimmune conditions seem receptive to APPs, increasing the
supply of APPs could improve access to care and help ameliorate
the current and projected workforce shortages. This is particularly
promising because previous research on APPs in rheumatology
practice found that APPs functioned independently, with nearly
two-thirds (61%) of patient visits covered by APPs alone (6). With
patients receptive to APPs, and these providers able to shoulder
a significant proportion of patient care responsibilities, providing
APPs with specialty training and incorporating them into rheuma-
tology practice could improve access to care for people with
rheumatologic conditions, particularly those in areas of the coun-
try where rheumatology care is difficult to schedule or unavailable.
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A Critical Look at Race-Based Practices in Rheumatology
Guidelines

Rose McKeon Olson and Candace H. Feldman

Objective. To assess how race has been incorporated into rheumatology practice guidelines, including how race is
defined and used in diagnostic and treatment recommendations.

Methods. We searched race and ethnicity terms in all clinical practice guidelines from the American College of
Rheumatology (ACR) and European Alliance of Associations for Rheumatology (EULAR) that were published between
2010 and 2020 and publicly available on professional society websites. Findings were summarized and assessed
through standardized data abstraction forms. Key themes were identified through a thematic analysis approach.

Results. A total of 23 ACR clinical practice guidelines and 42 EULAR recommendations were reviewed. In total,
16 of 65 (25%) of the guidelines used race terms in their text. No guideline clearly defined race, and race was often con-
flated with ethnicity and/or genetic ancestry. Reported racial categories varied substantially by guideline and often
used classifications that oversimplified and excluded non-White races. Research with insufficient racial diversity was
used to make race-based recommendations for Black patients that may not be generalizable. Additionally, recommen-
dations using research on predominantly White populations reinforced data of White populations as normative and
perpetuated race-based stereotypes, especially for rare diseases. Structural causes of identified racial disparities were
not discussed in clinical guidelines.

Conclusion. There is an urgent need for standardized race reporting in rheumatology. Recommendations are pro-
vided to enhance consistency and accuracy of race and ethnicity terms, mitigate conflation of race with ethnicity or
genetic ancestry, encourage a critical reanalysis of race-based diagnostic tools and treatment options, and better
address the structural causes of racial disparities.

INTRODUCTION

The field of medicine is starting to be held accountable for
how its institutions, practice guidelines, and clinical-decision tools
have perpetuated structural racism (1). This moment in the field
has led to well-founded scrutiny of how health professional
organizations define race and provide recommendations for
race-based diagnoses and treatments.

The use of race in medicine is complex; race correlates with a
number of dynamic social, cultural, and economic factors that can
have a powerful impact on disease (2). Understanding racial
differences in medical research has potential benefits, such as
recognizing those at higher risk for certain diseases to aid in earlier
detection and intervention, increasing awareness of racism in
medicine, targeting efforts to alleviate racial health disparities,

and identifying populations that merit reparations. However, when
race is not well-defined, systematically collected, and reported, it

can lead to race-based clinical practices and research that
preserve and perpetuate structural racism. We aimed to
explore these aspects further by assessing how race has been
incorporated into rheumatology practice guidelines.

MATERIALS AND METHODS

We searched race and ethnicity terms in all clinical practice
guidelines from the American College of Rheumatology (ACR)
and European Alliance of Associations for Rheumatology
(EULAR) that were published between 2010 and 2020

and publicly available on their professional society websites (see
Supplementary Appendix, available on the Arthritis Care &
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Research website at http://onlinelibrary.wiley.com/doi/10.1002/

acr.24645). The following search terms were used: race, racial,

ethnicity, ethnic, African American, Black, Caucasian, White,

Latino, Latina, Hispanic, Asian, Native, Indigenous, and Pacific

Islander. Inclusion criteria were the following: 1) reported in ACR

or EULAR guidelines, 2) available on the professional website,

and 3) included predesignated race term. Full-text assessments

of guidelines that met criteria were performed and data were

extracted (RMO), and decisions were made about study inclusion

and exclusion (RMO and CHF). Data were summarized into stan-

dardized data abstraction forms and synthesized with a thematic

synthesis approach. A spreadsheet was created of all the data

extracted from these studies, and thematic analysis methods

were used to develop broad themes.

RESULTS

A total of 23 ACR clinical practice guidelines and 42 EULAR
recommendations were reviewed (RMO and CHF). In total, 16 of
65 (25%) guidelines screened used race terms in their text,

including 4 guidelines on systemic lupus erythematosus (3–6),
4 on glucocorticoid-induced osteoporosis (7–10), 3 on gout
(11–13), 3 on rheumatoid arthritis (14–16), 1 on giant cell arteritis
(GCA) (17), and 1 on idiopathic inflammatory myopathies (18)
(Table 1). Major themes emerged in our analysis of the clinical
guidelines and are described below.

Race-based issues identified in rheumatology
guidelines. Ambiguous use of race, ethnicity, and genetic
ancestry. Race was found to be heterogeneously reported in
rheumatologic clinical guidelines, and distinctions between race,
ethnicity, and genetic ancestry were infrequently made. Race
and ethnicity terms were often used interchangeably in the
reviewed guidelines (e.g., using the term “ethnicity/race”), and
these categories were not defined in the text (3,4,8,11). Addition-
ally, race and genetics were conflated in several guidelines. Sev-
eral guidelines on the clinical management of gout state that
allopurinol has different risks based upon the patient’s race
(11–13), because the HLA–B*5801 allele is associated with an
increased risk for allopurinol-hypersensitivity syndrome (AHS) in
certain Asian and African-American populations. However, these
2 concepts are distinct – it is the presence of the genetic variant
that directly determines risk of AHS, not race. Race is a crude
approximation of a person’s genetic makeup and can lead to
clinical mismanagement when used as the only indicator of the
likelihood of genetic variance.

Race is the socially ascribed interpretation of how someone
looks, and its definition changes by geography and time period
(19). This social construct does not organize neatly into discrete
genetic groups. Someone socially defined as Black in America
may have their genetic ancestry trace for generations back to
Ethiopia, Brazil, Australia, or the Dominican Republic. Genetic
ancestry, on the other hand, is the genetic origin of one’s popula-
tion (20). Genomic studies have shown that genetic ancestry is a
better predictor of genetic variants (alleles).

Race is unlikely to measure 1 discrete variable; rather, it
correlates with an amalgam of genetic, ancestral, social, cultural,
and economic factors. For racial minorities, race is the embodi-
ment of lived experiences of structural racism (21). Using race, a
complex social construct, as a proxy for genetic makeup can lead

Table 1. Race reporting in clinical guidelines by rheumatologic condition and purpose for inclusion

Total guidelines
reporting on race

Purpose:
diagnostics

Purpose: treatment
selection

Purpose:
other

Systemic lupus
erythematosus

4 0 3 1 (Adherence)

Glucocorticoid-induced
osteoporosis

4 4 0 0

Gout 3 0 3 0
Rheumatoid arthritis 3 0 2 1 (Education)
Giant cell arteritis 1 1 0 0
Idiopathic inflammatory
myopathies

1 1 0 0

SIGNIFICANCE & INNOVATIONS
• Race is commonly described in rheumatology clini-

cal guidelines, yet race reporting is unstandardized
and often conflates race with ethnicity and genetic
ancestry.

• Review of race reporting in rheumatology guide-
lines revealed multiple inaccuracies, oversimpli-
fications, and stereotypes that may perpetuate
structural racism, bias in care, and disparities in
outcomes.

• Findings suggest that there should be standardized
criteria for race reporting in rheumatology guide-
lines, and only those studies that uphold the highest
degree of scrutiny for research should be included
in recommendations that support race-based diag-
nostic and treatment strategies.

• Researchers and guidelines authors should investi-
gate the root causes of racial disparities when they
are identified.
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to misclassification and error. Nevertheless, there are known
genetic variants, such as the APOL1 gene, that appear at higher
rates in certain races, indicating there are situations where self-
reported race can provide insight into the likelihood of genetic var-
iants (22). Given this nuance and complexity, there is significant
opportunity to improve shared understanding of race and its
appropriate use in rheumatology. Careful consideration of the
interrelated biological and structural factors that influence race will
be necessary to ensure appropriate use of race in research and
clinical practice and to mitigate structural racism in medicine.

Oversimplified race and ethnicity categories.Guidelines often
oversimplified race and ethnicity categories, in part due to the
absence of clearly defined categories and small sample sizes
in the referenced studies (7–9). For example, guidelines on
glucocorticoid-induced osteoporosis cited the Fracture Risk
Assessment Tool calculator, which uses just 4 racial categories
to assign risk, including Black, White, Hispanic, and Asian. The
expert panel of 1 of the glucocorticoid-induced guidelines further
merged these categories into Black versus non-Black. The tables
include 4 groups, including White women, White men, Black
women, and Black men, “to provide clinicians with examples of
typical patients to match their individual patient with the
most closely fitting category” (8). Lack of racial representation in
these categories was acknowledged and attributed to limited
available data.

Such oversimplifications fail to describe true population
diversity. When categories were combined, it was consistently
non-White races who lost granularity. A racial group designated
as “Asian” fails to capture the unique and varying genetic ances-
try and environmental and structural exposures that a recent
Hmong immigrant embodies compared to a third generation
Indian-American. The oversimplified ways race is described in
clinical guidelines, as a reflection of the way it is presented in pri-
mary research studies, obscures the nuances between racial
experiences and can further entrench racial stereotyping in
medicine.

Lack of racial representation in research. There was frequent
underrepresentation of racial minorities in the scientific research
used to create guideline recommendations, which can lead to
several racial inequities (16,18). When minorities were the primary
population studied, guidelines often hesitated to recommend the
findings universally. For example, a guideline on lupus nephritis
states, “The absence of robust evidence on calcineurin-inhibitors
in non-Asian populations…has led the committee to adopt a
more cautious attitude,” and “data have to be corroborated with
longer duration studies in multiethnic populations” (4). However,
guidelines based upon data frommajority White populations often
did not state this qualification, and there appeared to be less
hesitancy to recommend the therapy across racial categories
(3,16–18). This pattern reinforces data from White populations
as normative while data from minorities require further validation
and should interpreted with caution.

Underrepresentation of racial minorities can also lead to
inaccurate racial stereotypes that may delay or miss diagnoses
when they occur among racial minorities. For decades, the only
large population-based study of polymyalgia rheumatica and
GCA in the US was from the predominantly White geographic
region of Olmsted County, Minnesota (23). This study led to the
common teaching that GCA is largely a disease affecting White
individuals. However, more recent and racially representative
studies have demonstrated similar prevalence of GCA between
Black and White patients (24). Despite this, ethnicity was still
included as an important clinical factor in diagnosis of GCA in
the ACR rheumatology guideline (17). Racial stereotypes become
especially engrained for rare diseases where clinicians and stu-
dents rely more heavily on research and educational examples
to guide clinical reasoning.

Issues with race-based recommendations. The review iden-
tified race-based clinical recommendations for Black patients that
used limited data that may not be broadly generalizable to entire
racial groups. In a study cited by the lupus nephritis guidelines,
the efficacy of mycophenolate mofetil (MMF) was compared to
intravenous cyclophosphamide (IVC) for induction treatment of
lupus nephritis (25). The study concluded that MMF may be more
efficacious in Black patients, despite sample sizes of n = 26 for
MMF and n = 20 for IVC among Black patients. Additionally, only
50% of Black patients received IVC treatment for the study period
compared to 72% of the entire IVC treatment population. Efficacy
results for the Black participants alone were not statistically differ-
ent, but when researchers combined data from Black patients
with a racial group defined as “other” there was statistical differ-
ence, from which authors concluded that MMF may be more effi-
cacious than IVC in Black patients. These data were used to
support claims found in several rheumatology guidelines that
there are, “possible ethnic/racial differences,” suggesting that
MMF may be more efficacious in African–Americans (3,6). As a
result, this is broadly accepted in clinical practice and part of the
teaching provided to rheumatology trainees.

There has been growing controversy over the use of race in
clinical decision-making tools and treatment strategies due to evi-
dence that it can result in racially biased care. For example, many
institutions have abandoned the use of the estimated glomerular
filtrate rate (eGFR) due to awareness that race is a social con-
struct, and evidence that it negatively impacts access to care
(such as renal transplants) for Black patients with renal disease
(2,26). In response, the American Society for Nephrology with
the National Kidney Foundation are developing new joint guid-
ance on the use of race in diagnosis of kidney disease. Similarly,
the American Academy of Cardiology has faced conflict over the
use of race-based antihypertensive regimens, including dissent
among panel experts, and are currently calling for additional
research to clarify guidance (27). These examples indicate that if
race-based diagnostic tools or treatment strategies are being
considered for inclusion in clinical guidelines, there should be
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rigorous scrutiny of the evidence to avoid additional racial biases
in clinical care, which means ensuring that race is accurately
defined and that racial data are high quality and consistently and
equitably collected.

Lack of rigorous analysis of racial disparities. Once differ-
ences between racial groups were identified, guidelines largely
stopped at reporting the racial difference without further analysis
of what caused the disparities seen. Guidelines often placed com-
mentary about racial differences in the discussion section where a
variety of reasons for differences were postulated, such as yet-to-
be-discovered biological differences or hypotheses about varied
social exposures. This common academic practice attempts to
absolve researchers, guideline authors, and clinicians alike of fur-
ther investigation that may reveal the root cause of the inequity.
Once the structural inequities are identified, such as lack of
access to appropriate housing, transportation, health care,
healthy food, and voting centers, these areas can be targeted to
relieve racial health disparities and improve quality of care for
patients of color (28).

DISCUSSION

Our review of the representation of race in rheumatologic
guidelines has led us to offer a set of recommendations. These
recommendations are geared toward both future guidelines and
the primary research that informs these guidelines.

First, we recommend the use of accepted, accurate defini-
tions of race, ethnicity, and genetic ancestry and stating their
appropriate use and limitations. Accurate definitions of race, eth-
nicity, and genetic ancestry should be systematically employed
in rheumatology guidelines, along with appropriate use of racial
and ethnic terms, drawing upon expert guidance (19,20). If race
is recommended to be used as a proxy for the likelihood of
genetic differences (e.g., assumption of presence of HLA–
B*5801 based on self-reported Asian race), assumptions and lim-
itations of this approach should be clearly stated in guideline
texts. Our recommended definitions are the following: 1) Race:
socially defined category based on the interpretation of how
someone looks that varies by geography and time period and
influences socioeconomic positioning and access to societal
opportunities and resources (19,20); 2) Ethnicity: shared culture
of a population, rooted in common language, values, norms,
and/or traditions (19,20); 3) Genetic ancestry: genetic origin
of one’s population that is a better predictor than race for the
likelihood of genetic variants (20).

Secondly, nuanced, standardized categories of race and
ethnicity and acknowledgment of their limitations in capturing true
population diversity is recommended. Where possible, race and
ethnicity desegregation should be utilized in order to collect and
analyze nuanced differences between subgroups. For example,
Asian may become Chinese, Indian, Korean, Lao, Hmong, or
Vietnamese, and Middle Eastern and North African may be

included as separate racial categories (19). We also recommend
requiring that racial and ethnic determinations be self-identified,
not determined through “physician eyeball.” If self-identified races
or ethnicities do not fall discretely into existing categories, includ-
ing them as “other” along with the self-identified category (19) is
recommended.

Third, we recommend adding the country of origin to col-
lected demographic data. Geographic origin is an important des-
ignation distinct from race, genetic ancestry, and ethnicity (19). It
provides important information on regionalization that can have
several implications for data generalizability and can improve
understanding of observed subgroup differences.

Our fourth recommendation is to increase racial diversity in
research. Prior studies demonstrate that the racial and ethnic
composition of clinical trial enrollees are not consistent with the
demographic distribution of rheumatic conditions (29). In order
for guidelines to make appropriate recommendations, the diver-
sity of clinical trial enrollees needs to be improved. Guideline
authors should advocate for researchers to adjust inclusion/
exclusion criteria in trials to include racially and ethnically diverse,
representative cohorts and identify mechanisms to increase
recruitment and retention of underrepresented racial and ethnic
groups. When data is unavailable or underrepresented from racial
and ethnic groups, this limitation should be clearly stated.

Rigorous analysis of any race-based recommendation,
including potential unintended consequences, is our fifth recom-
mendation. Such an analysis should include the removal of cur-
rent race-based recommendations based upon studies that do
not provide sufficient evidence or, at minimum, clearly citing limita-
tions and advocating for larger, more diverse studies. When race-
based clinical recommendations are being considered, accurate
racial definitions and the highest degree of scrutiny of methodol-
ogy, data quality, and its conclusions should be ensured. The
unintended consequences of race-based recommendations,
such as differential access to care based on race, must be con-
sidered. It is important to recognize the responsibility of rheuma-
tologists to actively participate in ongoing discussions and
research about race-based recommendations that apply directly
to patients with chronic rheumatic conditions (such as eGFR
adjustments by race).

Our sixth recommendation is to collect and report data on
exposure to structural racism and its mechanisms. Researchers
should collect and report data on patient experiences with racism
and discrimination as well as exposure to various structural ineq-
uities, such as racial residential segregation and access to stable
housing, transportation, health care, healthy food, and voting
centers. These data can help identify the underlying structural
causes of observed racial disparities in more concrete, actionable
ways. Where disparities exist but research on its causes has not
been performed, guideline committees should advocate for such
research and consider including these considerations in future
recommendations.
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In conclusion, the findings of our investigation suggest there
is an urgent need for standardized race reporting in rheumatology
scholarship. This would enhance consistency and accuracy in
racial terms, mitigate conflation of race with genetics, and encour-
age a critical reanalysis of race-based diagnostic tools and treat-
ment options in rheumatology. Approximately 75% of reviewed
guidelines did not mention race, when likely racial differences
and disparities exist. Rather than resorting to color-blindness,
guidelines should be grounded in data from racially diverse
research populations and recommendations that accurately
define and describe racial differences. When differences among
races are found, we urge deep analysis of the social, environmen-
tal, and structural root causes that contributed to the racial dis-
parities. We call on physicians, researchers, and professional
organizations alike to conduct and support future research on
racism in rheumatology research and include these findings in
future guidelines.
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Body Composition in Patients With Psoriatic Arthritis and
Changes During Interleukin-12/Interleukin-23 Inhibition

Julien Paccou,1 Wallis Bavière,1 Elisabeth Sornay-Rendu,2 Pawel Szulc,2 Nassima Ramdane,1 Bernard Cortet,1

Roland Chapurlat,2 and René-Marc Flipo1

Objective. Little is known about body composition in patients with psoriatic arthritis (PsA). Our objective was to
compare body composition parameters in PsA patients and healthy controls and then investigate the effects of usteki-
numab (UST) on body composition in patients with PsA.

Methods. At baseline, 30 PsA patients were compared cross-sectionally with 60 healthy controls without PsA,
matched for age, sex, menopausal status, and bodymass index (BMI). Thirty active PsA patients treated with UST were
included in a 6-month open follow-up study. Body composition parameters were measured at baseline and 6 months
of treatment.

Results. Body composition parameters were different in PsA patients compared to healthy controls; in PsA
patients, total and appendicular lean mass were lower (P = 0.013 and P = 0.010, respectively), whereas total fat mass
was higher (P < 0.001). In 30% of the PsA patients, skeletal muscle mass was below the cutoff for low muscle quantity
(men 7.26 kg/m2, women 5.5 kg/m2), whereas no such change was observed in the control group. After 6 months of
treatment with UST, there was no significant change in BMI in 18 of the PsA patients. Total lean mass decreased
slightly (P = 0.046), whereas fat mass tended to increase, but not significantly. No significant changes in appendicular
lean mass and skeletal muscle mass index were observed.

Conclusion. In this study, we found that PsA patients had higher fat mass and lower lean mass than healthy con-
trols. At 6-months of treatment, total lean mass decreased slightly, whereas fat mass tended to increase, but not
significantly.

INTRODUCTION

Inflammatory rheumatic diseases, and particularly rheuma-

toid arthritis (RA), are characterized by adverse changes in body

composition and bone mineral density (BMD). Patients with RA

are usually found to have lower lean mass and BMD and higher

adiposity than controls (1,2). Many factors may influence body

composition in patients with inflammatory rheumatic diseases.

These include aging, nutrition, physical activity, disease activity,

and disease-modifying antirheumatic drugs (DMARDs).
A better understanding of body composition and BMD

changes in patients with inflammatory rheumatic diseases, includ-

ing those undergoing treatment with DMARDs, is important

because of the many potential implications in terms of outcome,

such as sarcopenia, osteoporosis, and cardiometabolic risk (3).

Where biologic DMARDs (bDMARDs) are concerned, most of

the data at our disposal relate to the impact of anti–tumor necro-

sis factor (anti-TNF) drugs in patients with RA and spondyloarthri-

tis. In these patients, anti-TNF drugs are associated with an

increase in body weight, body fat (especially visceral adiposity),

and BMD, but their effect on lean mass is more controversial (4).

On the other hand, treatment with the interleukin-6 (IL-6) inhibitor,

tocilizumab, is associated with an increase in body weight and

lean mass, but with no change in fat mass in RA patients (5).
Psoriatic arthritis (PsA), beyond joint and skin involvement, is

associated with many comorbid conditions (e.g., obesity, diabe-

tes mellitus, and dyslipidemia), thus adding to the burden of dis-

ease (6). The literature provides little information about body

composition in patients with PsA, and limited data are available

regarding changes in body composition in patients treated with

bDMARDs (7,8). Nevertheless, there have been numerous

advances in the treatment of PsA in recent years, and
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ustekinumab, a humanized IL-12/IL-23 inhibitor, is now com-

monly used as a biologic antipsoriatic drug (9). Therapeutic

agents targeting the IL-23/IL-17 axis, such as ustekinumab, have

systemic effects and may influence the bone-fat-muscle interac-

tions, leading to body composition and BMD changes in patients

with PsA (10). IL-17 can mediate pleiotropic effects throughout

the body since IL-17 receptors are expressed on most cell types.

IL-17 contributes to skeletal-muscle contractility defects and

weakness. Moreover, as fat mass increases, Th17 cells accumu-

late in adipose tissue, and IL-17 is likely to have multiple down-

stream effects on bone cells (11).
For all of these reasons, we sought to compare, cross-sec-

tionally, body composition in PsA patients and healthy controls.
We hypothesized that lean mass would be lower, and adiposity
higher, in PsA patients than in healthy controls. Then, in a pro-
spective pilot study, we investigated potential changes in body
composition, BMD, and bone turnover markers in PsA patients
during IL-12/IL-23 inhibition.

MATERIALS AND METHODS

Study design. A total of 42 patients with PsA were deemed
eligible for the study and approached. Of these, 12 (28.6%)
declined participation. At baseline, all 30 PsA patients were com-
pared cross-sectionally with 60 healthy controls without PsA and
then started new treatment with ustekinumab in an open, pro-
spective 6-month follow-up study (see Supplementary Figure 1,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24623).

The study protocol was approved by the local Institutional
Review Board (2018-A01552-53), and the study procedures
complied with the ethical standards of the relevant institutional
and national Human Experimentation Ethics Committees (#CPP
18/055-2). All patients provided their written informed consent.

Study population. Inclusion criteria were the presence of
the Classification of Psoriatic Arthritis criteria and an indication
for ustekinumab and age ≥18 years. Exclusion criteria were cur-
rent treatment with oral glucocorticoids >10mg prednisone/day,
patients on or considering a restrictive diet during the study
period, patients undertaking or planning to undertake an
intense exercise program, a history of treatment with bone active

substances such as bisphosphonates, and a weight >160 kg. In
patients who were receiving bDMARDs, a 5 half-life wash-out
period was required between bDMARDs interruption and
inclusion in the study.

Controls. For baseline references, data were obtained from
60 healthy controls without PsA. All control cohorts were from the
Center for the Prevention of Bone Disease in Lyon, France: female
controls were recruited from the MODAM and OFELY cohorts,
and all male controls from the STRAMBO cohort. Our healthy
controls were matched with PsA patients for age (±5 years), sex,
body mass index (BMI, ±3 kg/m2), and menopausal status.

Study protocol. Demographic and clinical characteristics
were recorded. Patients’ disease assessment was rated accord-
ing to the 28-joint Disease Activity Score (DAS28) adjusted for
C-reactive protein (CRP) levels, and the Bath Ankylosing Spondy-
litis Disease Activity Index (BASDAI) and Bath Ankylosing Spondy-
litis Functional Index (BASFI), depending on the predominant site
of involvement. Current use of conventional synthetic DMARDs,
nonsteroidal antiinflammatory drugs, and glucocorticoids was
determined. Past use of bDMARDs was recorded. BMD in PsA
patients was measured at the lumbar spine (L1–L4) and at the
nondominant hip by dual-energy X-ray absorptiometry (DXA)
scan (HOLOGIC Horizon W S/N 300869M).

For the assessment of body composition parameters, we used
the Adult Official Positions of the International Society for Clinical
Densitometry as updated in 2019. All PsA patients underwent total
body DXA scanning. Fat, lean, and bone masses for the total body
and per region (arms, legs, and trunk) were measured and analyzed
using the manufacturer’s validated software (version 13.6.0.5).
Body fat percentage was calculated as the proportion of total fat
mass to total mass. Appendicular lean mass (kg) was computed
as the sum of the tissue compartment (lean) of both arms and legs.
The skeletal muscle mass index was calculated as appendicular
lean mass divided by height squared (kg/m2), and the fat mass
index as total fat mass divided by height squared (kg/m2). Visceral
adipose tissue (cm2) was recorded. Regarding Baumgartner’s
criteria, a skeletal muscle mass index below the cutoff for low
muscle quantity was men 7.26 kg/m2 and women 5.5 kg/m2.

Laboratory variables included fasting (at least 8 hours)
blood samples, procollagen type 1 intact N-terminal polypeptide,
and serum cross laps, measured by chemiluminescence assay using
the IDS-iSYSMulti-Discipline Automated Analyzer (Immunodiagnostic
Systems). Plasma concentrations of leptin were measured by radio
immunologic assay.

Study size. Given the exploratory nature of the study, no
formal sample size calculations were performed. Using a poster-
iori power calculations, we found that with 30 PsA cases and
60 healthy controls, using a 2-sided test with a significance level
of 0.05 and 80% power, we could detect, for body fat percentage

SIGNIFICANCE & INNOVATIONS
• Patients with psoriatic arthritis (PsA) have higher

adiposity and lower lean mass than healthy
controls.

• No substantial change in body composition in PsA
patients undergoing treatment with ustekinumab
was observed.
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(predefined as our primary outcome), an effect size (Cohen’s d)
>0.63, considered in the literature as a medium effect size. For
the SD of body fat percentage found in PsA patients (8.6%), the
effect size corresponds to a mean difference of 5.4%.

Statistical analysis. Categorical variables are expressed
as numbers (percentage) and continuous variables as means ±
SDs. The normality of model residuals was assessed graphically
and using a Shapiro-Wilk test. Since a difference in BMI
was observed between PsA patients and healthy controls
(standardized difference >10%), despite matching for BMI,
body-composition comparisons were further adjusted for BMI.

Body composition and BMD measurements were available
for 30 PsA patients at baseline and 18 patients at 6 months of
treatment. Thus, we studied body composition changes during
treatment in those 18 patients by comparing baseline and
6-month values using a paired t-test or Wilcoxon’s signed-rank
test, depending on the normality of intrapatient differences.

To assess the possibility of a selection bias with regard to
those PsA patients who were excluded from the analysis of body
composition changes after 6 months of treatment, the baseline
characteristics of included and nonincluded PsA patients were
compared using a chi-square test or Fisher’s exact test for the
categorical variables, and a Student’s test or Mann-Whitney U
test for continuous variables. Correlations between the quantita-
tive parameters were analyzed using Pearson’s coefficient or
Spearman’s coefficient. Statistical testing was done at the
2-tailed alpha level of 0.05. Data were analyzed using the SAS
software package, version 9.4.

RESULTS

Baseline characteristics of patients with PsA and
matched controls. The baseline characteristics are shown in
Table 1. In the PsA group, age and disease duration were mean ±
SD 51.5 ± 11.3 years and 9.6 ± 8.4 years, respectively. Peripheral
forms of PsA were found in 90% of the patients (n = 27) and axial
forms alone in 3 patients. The DAS28-CRP score was mean ±SD
3.7 ± 1.5 in 27 patients, and the BASDAI score was mean ±SD
61.5 ± 12.2 in 15 patients with axial manifestations. Thirteen patients
received a subcutaneously administered 45-mg dose of ustekinu-
mab, while 17 patients received a 90-mg dose. Three patients in
the PsA group were currently receiving glucocorticoids (prednisone)
at a dose of <10 mg/day (mean ± SD 7.3 ± 2.5 mg/day). Nineteen
PsA patients (63.3%) had previously received at least 1 anti-TNF.

Comparison of body composition in PsA patients
and matched healthy controls. The baseline body composi-
tion parameters of PsA patients and matched controls are
shown in Table 2. After adjustment for BMI, body composition
parameters in PsA patients exhibited alterations compared to
those in healthy controls; in PsA patients, total lean mass and

appendicular lean mass were lower (mean ± SD 53.1 ± 13.1 kg
versus 56.7 ± 11.9 kg [P = 0.013] and 21.6 ± 6.3 kg versus 23.4
± 5.0 kg [P = 0.010], respectively), whereas total fat mass and
body fat percentage were higher (mean ± SD 32.5 ± 10.8 kg ver-
sus 25.2 ± 8.9 kg [P < 0.001] and 36.7% ± 8.6% versus 30.1%
± 8.1% [P < 0.001], respectively). Among the PsA patients, 30%
had a skeletal muscle mass index below the cutoff for low muscle
quantity.

Body composition changes in PsA patients during
treatment with ustekinumab. Twelve participants were
excluded at follow-up. Reasons for exclusion were discontinuation
of ustekinumab treatment before 6 months had elapsed (n = 6),
glucocorticoid treatment >10 mg prednisone/day (n = 2), loss to

Table 1. Baseline characteristics of the 30 patients with psoriatic
arthritis and the 60 healthy controls matched for age (±5 years), sex,
body mass index (±3 kg/m2), and menopausal status for women*

Characteristic
Psoriatic arthritis

(n = 30)
Healthy controls

(n = 60)

Age, years 51.5 ± 11.3 51.7 ± 11.3
Male, no. (%) 16 (53.3) 32 (53.3)
Body weight, kg 88.3 ± 18.8 81.8 ± 15.3
Body mass index, kg/m2 29.9 ± 6.1 29.0 ± 5.0
<18.5, no. (%) 0 (<1) 1 (1.6)
18.5 to <25, no. (%) 6 (20) 12 (20)
25 to <30, no. (%) 12 (40) 25 (41.7)
≥30, no. (%) 12 (40) 22 (36.7)

Current smoking, no. (%) 5 (16.7) 7 (11.7)
Excessive alcohol
consumption
(>3 units/day), no. (%)

2 (6.7) 2 (3.3)

Comorbidities, no. (%)
Hypertension 12 (40) 0 (<1)
Diabetes mellitus 6 (20) 0 (<1)
Dyslipidemia 6 (20) 0 (<1)
Depression 6 (20) 0 (<1)
COPD/asthma 3 (10) 0 (<1)
Cancer (any) 1 (3.3) 0 (<1)

Disease duration, years 9.6 ± 8.4 –

At least 1 previous biologic 19 ± 63.3 –

Swollen joints (0–28)† 1.9 ± 2.2 –

Tender joints (0–28)† 4.8 ± 5.8 –

CRP (mg/liter) 11.9 ± 13.7 –

DAS28-CRP† 3.7 ± 1.5 –

BASDAI‡ 61.5 ± 12.2 –

BASFI‡ 44.3 ± 21.3 –

Treatment, no. (%)
Current synthetic DMARD 3 (10) –

Current glucocorticoid
(<10 mg prednisone/day)

3 (10) –

Current NSAID 9 (30) –

* Values are the mean ± SD unless indicated otherwise. BASDI = Bath
Ankylosing Spondylitis Disease Activity Index; BASFI = Bath Ankylos-
ing Spondylitis Functional Index; COPD = chronic obstructive
pulmonary disease; DAS28-CRP = 28-joint Disease Activity Score
determined according to C-reactive protein level; DMARD = disease-
modifying antirheumatic drug; NSAID = nonsteroidal antiinflamma-
tory drug.
†N = 27 patients.
‡N = 15 patients.
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follow-up (n = 1), period of inactivity due to joint replacement (n = 1),
on a diet during the study period (n = 1), and body composition
assessment not performed within time limits (n = 1, beyond
8 months of treatment with ustekinumab). A comparison between
the 18 patients who had completed the study at 6 months and
the 12 noncompleters revealed no significant differences in demo-
graphic, disease, and clinical characteristics.

Changes in body composition are shown in Table 3. After
6 months of treatment with ustekinumab, no significant changes
in BMI were observed, although there was a small but nonsignif-
icant difference in total fat mass and body fat percentage. A sig-
nificant decrease in total lean mass was observed (mean ± SD
54.5 ± 12.5 kg versus 52.7 ± 13.0 kg [P = 0.046]), while appen-
dicular lean mass and skeletal muscle mass index remained
unchanged.

Significant correlations were found between changes in body
composition parameters (see Supplementary Table 1, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24623). A significant negative correla-
tion was found between total fat mass and total lean mass (r =
–0.719, P = 0.0008) but not between total fat mass and appendic-
ular lean mass (r = –0.408, P = 0.093). A significant positive

correlation was also found between change in total fat mass and
visceral adipose tissue (r = 0.745, P = 0.0004).

In 16 patients, the mean DAS28-CRP remained stable over
6 months, ranging from mean ± SD 3.3 ± 1.4 to 3.2 ± 1.1,
whereas in 9 patients with axial manifestations, BASDAI and
BASFI scores decreased from mean ± SD 60.7 ± 11.3 to 40.8 ±
26.0 and from 44.8 ± 22.8 to 34.4 ± 36.0, respectively (see Sup-
plementary Table 2, available on the Arthritis Care & Research

website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24623).
Moreover, no significant correlations were found between changes
in DAS28-CRP and changes in body composition parameters
(total fat mass, appendicular lean mass, total lean mass, and vis-
ceral adipose tissue) (see Supplementary Table 3, available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24623).

Changes in BMD, bone turnover markers, and
leptin. No changes in bone turnover markers, leptin, and BMD
were observed at 6 months (see Supplementary Table 4, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24623). A slight decrease in femoral
neck BMD was observed, but there was no significant bone loss
(defined as a decrease in BMD >0.03 gm/cm2).

Table 2. Baseline body composition of psoriatic arthritis patients and healthy controls*

Psoriatic
arthritis
(n = 30)

Controls
(n = 60)

Absolute
difference† P†

BMI-
adjusted

P†

Fat mass parameters
Total fat mass, kg 32.5 ± 10.8 25.2 ± 8.9 +7.3 <0.001 <0.001
Body fat percentage, % 36.7 ± 8.6 30.1 ± 8.1 +6.6 <0.001 <0.001
Fat mass index, kg/m2 11.2 ± 4.1 9.1 ± 3.5 +2.1 <0.001 <0.001

Lean mass parameters
Total lean mass, kg 53.1 ± 13.1 56.7 ± 11.9 −3.6 0.013 0.002
Appendicular lean mass, kg 21.6 ± 6.3 23.4 ± 5.0 −1.8 0.010 0.002
Skeletal muscle mass index, kg/m2 7.2 ± 1.6 8.2 ± 1.3 −1.0 <0.001 <0.0001

* Values are the mean ± SD unless indicated otherwise. BMI = body mass index.
† Statistically significant.

Table 3. Body composition changes in 18 patients with active psoriatic arthritis treated with ustekinumab for
6 months*

Baseline 6 months
Absolute
difference P

Body weight, kg 90.3 ± 16.7 90.5 ± 18.1 # 0.2 0.712
BMI, kg/m2 30.4 ± 6.0 30.5 ± 6.4 # 0.1 0.781
Fat mass parameters
Total fat mass, kg 33.1 ± 10.0 35.0 ± 12.3 " 1.9 0.054
Body fat percentage, % 36.6 ± 8.8 38.5 ± 10.4 " 1.9 0.067
Fat mass index, kg/m2 11.7 ± 4.4 12.0 ± 4.8 " 0.3 0.061
Visceral adipose tissue, cm2 170.2 ± 77.8 183.5 ± 89.1 " 13.3 0.116

Lean mass parameters
Total lean mass, kg 54.5 ± 12.5 52.7 ± 13.0 # 1.8† 0.047†
Appendicular lean mass, kg 22.3 ± 5.8 21.6 ± 5.9 # 0.7 0.196
Skeletal muscle mass index, kg/m2 7.4 ± 1.4 7.1 ± 1.3 # 0.3 0.173

* Values are the mean ± SD unless indicated otherwise. BMI = body mass index.
† Statistically significant.
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DISCUSSION

In PsA patients, body composition parameters exhibited
alterations compared to those of healthy controls; in PsA patients,
total lean mass and appendicular lean mass were lower, whereas
total fat mass was higher. Moreover, a third of the patients with
PsA requiring ustekinumab had a low skeletal muscle mass index.
This study is also the first to investigate changes in body compo-
sition in active PsA patients undergoing treatment with ustekinu-
mab. At 6 months of treatment with ustekinumab, total lean
mass decreased slightly, whereas total fat mass tended to

increase, but not significantly.
The participants included in our study were patients with

established PsA, mean disease duration was ~10 years, and only

one-third were bDMARD-naive. At baseline, mean DAS28-CRP

was quite low (mean swollen joints ~2) and remained stable over

6 months, without improvement with ustekinumab treatment.

Treatment with ustekinumab had practically no effect on chronic

systemic inflammation as assessed by CRP level measurement

(from 10.3 to 10.8 mg/liter). This finding might be partly explained

by the fact that most of the patients were overweight/obese, with

BMIs that remained stable over the study period. Data suggest

that the observed association between CRP level and BMI is

probably driven by BMI, with CRP level being a marker of elevated

adiposity.
RA is the most widely studied condition in connection with

body composition. Book et al demonstrated that changes in body

composition occur very early on in RA (1). Appendicular lean mass

was found to be lower in RA patients, regardless of sex, and total

fat mass and BMI were higher than expected in women with

RA. Body composition continues to change over time in

RA. Giles et al reported on a cohort of 189 RA patients with a

mean disease duration of 9 years (62% female) (2). BMI and fat

mass index were significantly higher in women with RA but not in

men, compared to controls matched for age, sex, weight, and

ethnicity. Total lean mass did not differ significantly between

patients with RA and controls, whereas appendicular lean mass

was lower in men with RA, but not in women.
To the best of our knowledge, this is one of the first studies to

assess DXA-scan body composition in PsA patients compared to
healthy controls. Using bioelectrical impedance analysis,
Krajewska-Włodarczyk et al reported a significantly lower lean
mass and higher fat mass in 51 female patients with PsA com-
pared to 44 controls (8). In a cross-sectional study conducted
by Pedreira et al, the authors compared the DXA-scan body com-
position measurements of 45 women with PsA (mean age 60.5
years), 52 women with psoriasis, and 98 healthy female controls
(matched for age, BMI, and ethnicity) (7). Body fat percentage
was found to be higher, and total lean mass tended to be lower,
in the PsA group than in the healthy controls, which is in keeping
with our findings. The researchers also found that 11% of the
patients in the PsA group had a skeletal muscle mass index below

the cutoff for low muscle quantity (7). Furthermore, Ferguson et al
(12) found that individuals with PsA have an adverse magnetic
resonance imaging body composition phenotype, with higher
levels of visceral fat and lower thigh muscle volumes. On the other
hand, Toussirot et al (13) found no difference between patients
with PsA and their controls either for lean mass or fat mass using
DXA-scan body composition.

Only a few studies have been published on the impact of
bDMARDs on body composition in patients with inflammatory
rheumatic diseases. In patients with RA, anti-TNFs may lead to
an increase in fat mass and no change in lean mass (4). On the
other hand, tocilizumab could have an effect on body composi-
tion by increasing lean mass with no change in fat mass (5,14).

Until now, no data have been published on body composi-
tion changes in patients with PsA treated with bDMARDs. In a
study involving patients with psoriasis, Galluzzo et al evaluated
changes in body weight, BMI, and body composition assessed
by bioelectrical impedance analysis in 53 participants treated with
ustekinumab (15). However, no significant changes in BMI, fat
mass, and fat-free mass were observed at 12 months of treat-
ment (15). Therefore, we are the first to report results on body
composition changes in PsA patients undergoing treatment with
bDMARDs. After 6 months of treatment, we found no significant
change in BMI and total fat mass, but a slight decline in total lean
mass was observed. These preliminary findings need to be con-
firmed in a larger population.

The mechanisms responsible for changes in body composi-
tion in inflammatory rheumatic diseases have yet to be elucidated,
but could involve aging, disease activity, chronic systemic inflam-
mation, physical inactivity, inadequate nutrition, and medications
(e.g., glucocorticoids and DMARDs). In turn, altered body compo-
sition is likely to impact health and causes sarcopenia and
cardiometabolic abnormalities. Increased fat mass, especially
abdominal fat mass, thus increases the risk of developing type
2 diabetes mellitus and cardiovascular diseases.

Our study has several strengths. First, there were no missing
data at the 6-month follow-up, since all of the patients included in
our study were followed up in a single center with standardized
procedures for all outcomes. Also, all DXA-scan body composi-
tion and BMDmeasurements were performed in the same labora-
tory by the same investigator. We acknowledge several
limitations. First, our population of PsA patients was nonhomoge-
neous (men and pre- and post-menopausal women). Second, the
number of patients is small and the duration of the study was
short, which may have been insufficient to detect additional
effects of ustekinumab on body composition, BMD, and bone
remodeling markers, but despite this limitation, several significant
differences were found. Third, we acknowledge that the absence
of a control follow-up group precludes any definitive conclusions
on body composition changes under ustekinumab. Fourth, we
used BASDAI and DAS28-CRP criteria to measure the disease
activity in patients with PsA. However, these tools are not used
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specifically for PsA, and minimal disease activity and Disease
Activity Index for Psoriatic Arthritis or Composite Psoriatic Disease
Activity Index criteria should be used for further studies. Last,
muscle function and performance were not assessed in our
study.

In conclusion, our study has shown that patients with PsA
have higher adiposity and lower lean mass than healthy controls.
We observed no substantial change in body composition in PsA
patients undergoing treatment with ustekinumab, but we did
observe a slight decline in total lean mass.
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Mortality in Ankylosing Spondylitis According to Treatment:
A Nationwide Retrospective Cohort Study of 5,900 Patients
From Israel

Niv Ben-Shabat,1 Aviv Shabat,2 Abdulla Watad,3 Khalaf Kridin,4 Nicola Luigi Bragazzi,5 Dennis McGonagle,6

Doron Comaneshter,7 Arnon D. Cohen,8 and Howard Amital9

Objective. In this large population-based study we aimed: 1) to assess mortality in patients with ankylosing spon-
dylitis (AS) compared to the general population, considering demographics, comorbidities, and treatment, and 2) to
assess factors associated with mortality within patients with AS.

Methods. This study was designed as a retrospective cohort study using the electronic database of the largest
health maintenance organization in Israel. All patients with AS diagnosed between 2002 and 2018 were included. Con-
trols were matched by age, sex, clinic, and enrollment time. Follow-up continued until death or the end of the study.

Results. The study comprised 5,930 AS patients and 29,018 matched controls who were followed up for a median
period of 7.5 years. There were 667 deaths within the AS cohort and 2,919 deaths within controls; the mean age at
death was 76.9 years and 77.1 years, respectively (P = 0.74). A total of 3,249 AS patients (54.8%) were treated only with
nonsteroidal antiinflammatory drugs, 1,760 (29.7%) were treated with tumor necrosis factor inhibitors (TNFi), and 1,687
(28.4%) with disease-modifying antirheumatic drugs (DMARDs). Mortality rates were increased among AS patients
compared to controls, with an age- and sex-adjusted hazard ratio (HR) of 1.19 (95% confidence interval [95% CI]
1.10–1.30). The association was significant for men (HR 1.15 [95% CI 1.04–1.27]) and women (HR 1.32 [95% CI
1.13–1.54]), and after adjusting for background comorbidities (HR 1.14 [95% CI 1.05–1.24]). AS patients treated with
TNFi or with a combination of TNFi and DMARDs did not have significant difference in mortality rates compared to con-
trols (HR 0.67 [95% CI 0.38–1.18] and HR 0.93 [95% CI 0.69–1.25], respectively). Age, male sex, mean C-reactive pro-
tein (CRP) levels and general comorbidities were predictors of mortality within the AS cohort.

Conclusion. AS patients had an increasedmortality risk compared to the general population after adjusting for age,
sex, and baseline comorbidities. AS patients treated with TNFi did not demonstrate excess mortality compared to
matched controls. Within the AS cohort, age, male sex, background comorbidities, and higher CRP levels were identi-
fied as risk factors for mortality.

INTRODUCTION

Ankylosing spondylitis (AS) is a chronic inflammatory disease

affecting the axial and peripheral joints, with extraarticular

manifestations such as psoriasis, inflammatory bowel disease

(IBD), uveitis, and cardiac conduction abnormalities (1). The esti-

mated prevalence of AS in the general population ranges from

9 to 30 per 10,000 persons (2), which makes it a significant
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burden on the individual person as well as on the health care sys-

tem (3). Commonly employed therapeutic agents are nonsteroidal

antiinflammatory drugs (NSAIDs), disease-modifying antirheu-

matic drugs (DMARDs), such as methotrexate and sulfasalazine,

and biologic therapy such as tumor necrosis factor inhibitors

(TNFi) and secukinumab, the emergent interleukin-17 inhibitor (4).
The TNFi agents were introduced 2 decades ago and

besides having a role in decreasing disease activity, they have
also shown protective effects in atherosclerosis (5,6). Some evi-
dence suggests long-term survival benefits from TNFi treatment
in other chronic inflammatory rheumatic diseases, such as rheu-
matoid arthritis (RA) (7,8) and psoriatic arthritis (PsA) (9). In AS,
1 study has demonstrated survival benefits of TNFi treatment
compared to the general population (10), yet this study was
based on data from a randomized controlled trial (RCT) popula-
tion and lacked a comparison cohort.

There are relatively few studies in the post–spinal radiother-
apy era addressing all-cause mortality in AS, with all of them
showing excess mortality compared to the general population
(11–17). Cardiovascular disease was the leading cause of death,
followed by malignancy and infectious diseases (12,14–17).
When comparing to the general population, higher proportions
of death due to infectious, respiratory, and renal diseases, and a
lower proportion of death due to malignancy, were observed
(12,14,17). Most of these studies had significant limitations,
including small sample-size, cross-sectional design, self-reported
cases, and lack of a comparison cohort. In addition, there has
been no study to date that adjusted for significant comorbidities,
which increase mortality on one hand and are associated with
AS on the other hand (10). Therefore, this large population-based
study aimed to investigate mortality patterns in AS patients com-
pared to the general population, assessing the role of TNFi treat-
ment and significant comorbidities for the first time.

MATERIALS AND METHODS

Data source. Data were obtained from the Clalit Healthcare
Services (CHS) electronic database. CHS is the largest health
maintenance organization in Israel and serves ~4.5 million insured

members (>50% of Israel’s population) from heterogeneous ethnic
groups and has continuous input from pharmaceutical, medical,
and administrative operating systems. The database is used for
administrative and clinical management and is available for use in
epidemiologic studies. Patients’ data can be automatically
extracted from the database using data-mining techniques. The
CHSdatabase was validated as having a 90–100%degree of accu-
racy (18) and has previously been used in many studies (19–23),
including one conducted with data of AS patients (24).

Sample and design. This study was approved by the CHS
Ethics Committee in Beer-Sheva, Israel (approval #0212-17-COM).
No informed consent was needed, as this was an existing database.
The study was designed as a retrospective cohort study. Using the
CHS’s computerized database, we extracted a cohort consisting
of AS patients first diagnosed between January 1, 2002 to
December 31, 2018 and compared them with age-, sex- and
clinic-matched controls. For AS patients, follow-up began at the
date of the first recorded AS diagnosis and for controls on the date
of their matched patient. Follow-up continued until death or the
end of the study on July 1, 2019.

Study variables. AS patients were defined as such if they
had at least 1 documented diagnosis of AS in their medical records
as an outpatient, either by a primary care physician or a specialist, or
if they were diagnosed with AS in their hospital discharge papers.
Patients age <18 years at the time of diagnosis were excluded.
Controls were randomly assigned from the CHS database, with the
exclusion of AS patients. Approximately 5 controls were matched by
age, sex, primary-care clinic, and enrollment time for each AS patient.
Data available from the CHS database included variables such as
age, sex, socioeconomic status (SES), body-mass index (BMI),
chronic diseases, laboratory test results, and death date. The SES
wasdefined according to the poverty index of themember’s residence
area as defined in the 2008 National Census. Specifically, the poverty
index was computed based on household income, education, marital
conditions, and car ownership, among others.

We divided the population into 3 categories based on quar-
tiles (low: 25th percentile; medium: 25th–75th percentile; and
high: 75th–100th percentile) (23). The BMI was calculated using
height and weight measurements from the year of enrollment to
the study (if available). Diagnoses of comorbidities were also
obtained from the CHS electronic database and were considered
only if first diagnosed before the enrollment date. The comorbidity
load was assessed using the Charlson Comorbidity Index, which
was validated in predicting mortality in longitudinal studies (25).
Patients were defined as being ever treated with TNFi if they had
been prescribed and dispensed any of the following agents: inflix-
imab, etanercept, adalimumab, golimumab, and certolizumab;
and were defined as being ever treated with DMARDs if they ever
had dispensed methotrexate or sulfasalazine. NSAIDs treatment
was defined as any prescribed dispensing of any of the NSAID

SIGNIFICANCE & INNOVATIONS
• When adjusting to baseline comorbidities, ankylos-

ing spondylitis patients are at increased risk of mor-
tality compared to the general population in Israel.

• In ankylosing spondylitis patients ever treated with
tumor necrosis factor inhibitors, no excess mortal-
ity was observed compared to matched controls.

• Age, male sex, higher mean C-reactive protein
levels, and general comorbidities were predictors
of mortality within the ankylosing spondylitis
cohort.
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agents (including COX-2 inhibitors). The mean level of serum
C-reactive protein (CRP) was calculated from all laboratory tests
results that were done in the hospital or in the community during
the follow-up period.

Statistical analysis. Differences in baseline characteristics
between different groups of independent variables were com-
pared using t-tests or Mann-Whitney U tests for continuous vari-
ables, and Pearson’s chi-square tests for categorical variables.
Survival analysis was done using multivariate the Cox proportional
hazards method. The outcome was all-cause mortality, and the
independent variable was AS diagnosis. Two models with differ-
ent sets of adjustments were used: adjusting for age and sex only
and adjusting for the Charlson Comorbidity Index as well. The
models were repeated separately according to treatment and
sex. Survival curves were obtained using the Kaplan-Meier
method with a post hoc log-rank comparison. Predictors for mor-
tality among AS patients were obtained using a multivariate Cox
proportional hazards method. Each model accounted for age
and sex and was repeated separately for each sex. Factors asso-
ciated with mortality in AS patients were evaluated using a univar-
iate and a multivariate binary logistic regression analysis and
reported as odds ratios (ORs) and 95% confidence intervals

(95% CIs). The multivariate analysis included variables that were
found significant in the univariate analysis. Statistical analysis
was performed using the commercial software Statistical Pack-
age for the Social Sciences, version 23.0.

RESULTS

Cohort characteristics and AS features. The study
comprised 5,930 AS patients and 29,018 matched controls who
were followed up for a median period of 7.5 years (interquartile
range 3.5–11.6 years). The mean ± SD age at enrollment was
49.8 ± 16.6 years, and the female proportion was 36.6% and was
the same for AS patients and controls (not shown). During follow-
up, 667 AS patients (11.2%) and 2,919 controls (10.1%) had died
(P < 0.01). The mean ± SD age at death was 76.9 ± 12.0 years for
AS and 77.1 ± 12.3 years for controls (P = 0.74). AS patients had
higher baseline rates of connective tissue diseases (4.6% versus
0.6%; P < 0.01), diabetes mellitus (14.9% versus 12.4%; P < 0.01),
ischemic heart disease (11.2% versus 9.2%; P < 0.01), peptic ulcer
disease (8.0% versus 5.3%; P < 0.01), and solid malignancies
(7.3% versus 5.5%; P < 0.01) than controls (Table 1). Among AS
patients, 348 (6%) had concurrent IBD, and 299 (5.1%) had
psoriasis. During follow-up, 707 AS patients (12.1%) were

Table 1. Baseline characteristics: a comparison between ankylosing spondylitis patients and controls*

Characteristic
AS patients Controls

P(n = 5,930) (n = 29,018)

Age at enrollment, mean ± SD years 49.4 ± 17.2 49.3 ± 17.2 0.63
Female 2,156 (36.4) 10,576 (36.4) 0.90
Follow-up time, median (IQR) years 7.4 (3.5–11.5) 7.5 (3.5–11.7) 0.42
Death during follow-up 667 (11.2) 2,919 (10.1) <0.01
Age at death, mean ± SD years 76.9 ± 12 77.1 ± 12.3 0.74
Body mass index, mean ± SD kg/m2† 27.5 ± 5.9 28.5 ± 5.9 0.75
Arab ethnicity 999 (17.2) 4,914 (17.3) 0.74
Recruitment periods
2002–2007 1,754 (30.1) 8,576 (30.2) 0.85
2008–2013 2,103 (36.1) 10,212 (36) 0.90
2014–2018 1,968 (33.8) 9,568 (33.7) 0.95

Socioeconomic status‡ 0.16
Low 816 (14.7) 4,246 (15.6) –

Medium 3,893 (70.1) 18,951 (69.7) –

High 847 (15.2) 3,990 (14.7) –

Baseline comorbidities
Cerebrovascular disease 203 (3.5) 901 (3.2) 0.23
Chronic kidney disease 158 (2.7) 710 (2.5) 0.36
Chronic pulmonary disease 207 (3.6) 748 (2.6) 0.37
Cirrhosis 15 (0.3) 53 (0.2) 0.27
Congestive heart failure 100 (1.7) 478 (1.7) 0.87
Connective tissue disease 270 (4.6) 181 (0.6) <0.01
Diabetes mellitus 870 (14.9) 3,514 (12.4) <0.01
Ischemic heart disease 651 (11.2) 2,614 (9.2) <0.01
Peptic ulcer disease 466 (8.0) 1,498 (5.3) <0.01
Peripheral vascular disease 129 (2.2) 550 (1.9) 0.17
Solid malignancy 424 (7.3) 1,562 (5.5) <0.01
Hematologic malignancy 61 (1.0) 239 (0.8) 0.13

* Values are the number (%) unless indicated otherwise. AS = ankylosing spondylitis; IQR = interquartile range.
† Available for 67.1% of data.
‡ Available for 93.7% of data.
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diagnosed with osteoporosis, and 292 (4.9%) had joint replacement
surgery. Regarding treatment, 5,648 AS patients (95.2%) were ever
treated with NSAIDs, and for 3,249 (54.8%), NSAIDs were the only
therapeutic agent prescribed. A total of 1,687 AS patients (28.4%)
were ever treated with DMARDs (methotrexate or sulfasalazine),
664 (11.2%) without ever being prescribed TNFi, and 1,023 (17.6%)
who switched or were treated with concurrent TNFi. In all, 1,760 AS
patients (29.7%) were ever treated with TNFi, 737 (12.7%) without
ever being prescribed DMARDs (Table 2). Features of the AS cohort
according to treatment are shown in Table 3. A significant difference
in enrollment age was noticeable when AS patients being treated with
TNFi were relatively younger (TNFi alone [41.4 ± 13.1 years], for TNFi
and DMARDs [44.6± 13.4 years], DMARDs alone [50.4 ± 14.8 years],
and NSAIDs alone [53.8 ± 17.4 years]). Accordingly, these patients
had a relatively lower age at death (TNFi alone [66.2 ± 12.8
years], TNFi and DMARDs [68.1 ± 10.8 years], DMARDs alone
[71.1 ± 12.3 years], and NSAIDs alone [78.9 ± 11.1 years]).

Mortality in AS compared to the general population.
All-cause mortality was increased in AS patients compared to
matched controls (hazard ratio [HR] 1.19 [95% CI 1.10–1.30],

Table 2. Clinical and treatment-related characteristics of ankylosing
spondylitis patients*

AS-related manifestations Value

Inflammatory bowel disease 348 (5.9)
Osteoporosis 707 (11.9)
Psoriasis 299 (5.1)
Joint replacement 292 (4.9)
Treatment
NSAIDs
Any 5,648 (95.2)
Alone 3,249 (54.8)

TNF inhibitors
Any 1,760 (29.7)
Without DMARDs 737 (12.7)
With methotrexate alone† 253 (4.3)
With sulfasalazine alone† 359 (6.1)
With methotrexate and sulfasalazine 411 (6.9)

DMARDs
Any 1,687 (28.4)
Without TNF inhibitors 664 (11.2)
Methotrexate alone† 153 (2.6)
Sulfasalazine alone† 372 (6.3)

* Values are the number (%). AS = ankylosing spondylitis; DMARDs=dis-
ease-modifying antirheumatic drugs; NSAIDs =nonsteroidal antiinflam-
matory drugs; TNF = tumornecrosis factor.
†With or without NSAIDs.

Table 3. A comparison of baseline characteristics of ankylosing spondylitis patients according to treatment*

Characteristic
NSAIDs
alone

TNF inhibitors
alone

DMARDs
alone

TNF inhibitors +
DMARDs P

Age at enrollment, mean ± SD years 53.8 ± 17.4 41.4 ± 13.1 50.4 ± 14.8 44.6 ± 13.4 <0.001
Age at death, mean ± SD years 78.9 ± 11.1 66.2 ± 12.8 71.1 ± 12.3 68.1 ± 10.8 <0.001
Follow-up time, median (IQR) years 7.0 (3–11) 5.3 (3–8) 9.1 (5.2–13) 9.6 (5.3–13.6) <0.001
Duration of treatment, mean ± SD years – 3 ± 3.2 5.7 ± 6.8 – –

Body mass index, mean ± SD kg/m2† 27.8 ± 5.9 26.5 ± 5.3 28.2 ± 5.7 27.2 ± 5.9 0.986
Serum CRP, mean ± SD mg/liter 1.12 ± 2.3 1.75 ± 2.1 1.41 ± 1.6 2.02 ± 2.4 <0.001
Women 1,139 (35.1) 253 (34.3) 274 (41.3) 416 (40.7) <0.001
Arab ethnicity 525 (16.2) 134 (18.4) 129 (19.4) 200 (19.6) 0.092
Recruitment periods
2002–2007 955 (29.4) 89 (12.1) 261 (39.3) 420 (41.1) <0.001
2008–2013 1,185 (36.5) 271 (36.8) 258 (38.9) 350 (34.2) 0.036
2014–2018 1,109 (34.1) 377 (51.2) 145 (21.8) 253 (24.7) <0.001

Socioeconomic status‡ 0.019
Low 404 (13.3) 110 (16) 103 (16.7) 145 (14.9) –

Intermediate 2,182 (71.8) 481 (69.8) 436 (70.6) 648 (61.8) –

High 451 (14.9) 98 (14.2) 79 (12.8) 179 (18.4) –

Baseline comorbidities
Cerebrovascular disease 148 (4.6) 12 (1.6) 24 (3.6) 17 (1.7) <0.001
Chronic kidney disease 119 (3.7) 9 (1.2) 18 (2.7) 8 (0.8) <0.001
Chronic pulmonary disease 141 (4.3) 15 (2.0) 32 (4.8) 15 (1.5) <0.001
Cirrhosis 9 (0.3) 1 (0.1) 1 (0.2) 4 (0.4) 0.515
Congestive heart failure 80 (2.5) 3 (0.4) 10 (1.5) 3 (0.3) <0.001
Connective tissue disease 54 (1.7) 12 (1.6) 69 (10.4) 133 (13.0) <0.001
Diabetes mellitus 602 (18.5) 50 (6.8) 103 (15.5) 105 (10.3) <0.001
Ischemic heart disease 473 (14.6) 27 (3.7) 76 (11.4) 61 (6.0) <0.001
Peptic ulcer disease 280 (8.6) 26 (3.5) 75 (11.3) 78 (7.6) <0.001
Peripheral vascular disease 94 (2.9) 7 (0.9) 15 (2.3) 11 (1.1) 0.023
Solid malignancy 273 (8.4) 17 (2.3) 55 (8.3) 75 (7.3) <0.001
Hematologic malignancy 40 (1.2) 3 (0.4) 5 (0.8) 13 (1.3) 0.241
Charlson Comorbidity Index, mean ± SD 1.5 ± 1.2 1.2 ± 0.8 1.7 ± 1.3 1.5 ± 1.0 <0.001

* Values are the number (%) unless indicated otherwise. CRP = C-reactive protein; DMARDs = disease-modifying antirheumatic drugs;
IQR = interquartile range; NSAIDs = nonsteroidal antiinflammatory drugs; TNF = tumor necrosis factor.
† Available for 67.1% of data.
‡ Available for 93.7% of data.
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P < 0.001), for both men (HR 1.15 [95% CI 1.04–1.27], P < 0.01)
and women (HR 1.32 [95% CI 1.13–1.54], P < 0.001) separately
(Table 4). This trend is depicted graphically in the Kaplan-Meier
survival curves as well (Figure 1). The association remained signif-
icant when adjusting for baseline comorbidities as well (overall HR
1.15 [95% CI 1.04–1.27], P < 0.01; men HR 1.15 [95% CI
1.04–1.27], P < 0.01; women HR 1.15 [95% CI 1.04–1.27], P <
0.01). A similar trend was demonstrated when comparing AS
patients treated with NSAIDs alone to matched controls (overall
HR 1.16 [95% CI 1.05–1.28], P < 0.01; men HR 1.13 [95% CI
1.02–1.27], P < 0.05; women HR 1.22 [95% CI 1.02–1.46],
P < 0.05) and when comparing AS patients treated with DMARDs
alone (with or without concurrent or prior NSAIDs treatment but
without ever receiving TNFi) to matched controls (overall HR 1.69
[95% CI 1.36–2.09], P < 0.001; men HR 1.54 [95% CI 1.18–2.01],
P < 0.01; women HR 2.12 [95% CI 1.48–3.05], P < 0.001). These
results did not change considerably when adjusting for baseline
comorbidities as well. When looking at patients treated with TNFi
alone (with or without concurrent or prior NSAIDs treatment but
without ever receiving DMARDs), no excess mortality was observed
when adjusting for age and sex (HR 0.67 [95% CI 0.38–1.18])
and when adjusting for comorbidities as well (HR 0.66 [95% CI
0.37–1.17]). Similar results were demonstrated in AS patients
treated with TNFi and DMARDs (age- and sex-adjusted model HR
0.93 [95% CI 0.69–1.25]; age-, sex-, and comorbidities-adjusted
model HR 0.85 [95% CI 0.63–1.15]).

Factors associated with mortality within AS cohort.
Within the AS cohort, age (10-year increments OR 3.02 [95% CI
2.79–3.27], P< 0.001) and male sex (OR 1.56 [95% CI 1.27–1.90],
P < 0.001) were significantly associated with mortality, while eth-
nicity (Arab versus Jewish OR 1.15 [95% CI 0.84–1.57],
P = 0.393) and SES (low versus intermediate/high OR 1.36 [95%
CI 0.99–1.85], P = 0.058) were not found to significantly influence
mortality rates (Table 5). All general comorbidities according to the
Charlson Comorbidity Index were found to be significantly associ-
ated with mortality, except cirrhosis (OR 1.75 [95% CI 0.44–6.90],
P = 0.425) and connective-tissue diseases (OR 1.33 [95% CI
0.88–2.00], P = 0.175). Regarding cirrhosis, the low prevalence
(0.3%) might explain the lack of statistical significance. The score
of the Charlson Comorbidity Index was itself significantly associ-
ated with mortality as well, with an OR of 1.52 (95% CI 1.43–
1.62; P < 0.001) for every 1-point increment. When addressing
AS-related manifestations, IBD (OR 1.47 [95% CI 0.96–2.27],
P = 0.08), psoriasis (OR 1.30 [95% CI 0.85–1.99], P = 0.233),
osteoporosis (OR 1.24 [95% CI 0.99–1.55], P = 0.058), and a his-
tory of joint replacement surgery (OR 1.14 [95% CI 0.81–1.61],
P = 0.438) were not found to be associated with mortality in AS,
while higher levels of serumCRP,which is amarker for disease activ-
ity, were found to significantly increase mortality (OR 1.86 [95% CI
1.42–2.44], P<0.001). The time from AS diagnosis to the administra-
tion of the first TNFi agent had also aminor, yet significant, association
with mortality (OR 1.01 [95%CI 1.00–1.02], P = 0.002).

Table 4. Cox-regression hazards ratios comparing all-cause mortality in ankylosing spondylitis patients to controls, strat-
ified according to treatment*

Adjusted for age and sex
Adjusted for age, sex,
and comorbidities†

HR (95% CI) P HR (95% CI) P

All AS patients
Overall 1.19 (1.10–1.30) <0.001 1.14 (1.05–1.24) <0.01
Men 1.15 (1.04–1.27) <0.01 1.10 (1.00–1.22) 0.05
Women 1.32 (1.13–1.54) <0.001 1.22 (1.05–1.43) <0.01

Treated with NSAIDs alone
Overall 1.16 (1.05–1.28) <0.01 1.12 (1.01–1.23) <0.05
Men 1.13 (1.02–1.27) <0.05 1.10 (0.98–1.23) NS
Women 1.22 (1.02–1.46) <0.05 1.14 (0.96–1.37) NS

Treated with TNF inhibitors alone
Overall 0.67 (0.38–1.18) NS 0.66 (0.37–1.17) NS
Men 0.81 (0.46–1.43) NS 0.80 (0.45–1.42) NS
Women‡ – – – –

Treated with DMARDs alone§
Overall 1.69 (1.36–2.09) <0.001 1.47 (1.19–1.83) <0.001
Men 1.54 (1.18–2.01) <0.01 1.32 (1.01–1.73) <0.05
Women 2.12 (1.48–3.05) <0.001 1.95 (1.36–2.81) <0.001

Treated with TNF inhibitors + DMARDs
Overall 0.93 (0.69–1.25) NS 0.85 (0.63–1.15) NS
Men 0.76 (0.52–1.13) NS 0.70 (0.48–1.04) NS
Women 1.39 (0.87–2.23) NS 1.25 (0.78–2.00) NS

* 95% CI = 95% confidence interval; AS = ankylosing spondylitis; DMARDs = disease-modifying antirheumatic drugs;
HR = hazard ratio; NS = nonsignificant; NSAIDs = nonsteroidal antiinflammatory drugs; TNF = tumor necrosis factor.
† According to Charlson Comorbidity Index.
‡No deaths in subgroup.
§Without TNF inhibitors and with and without NSAIDs.
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DISCUSSION

In this large population-based study, we found significantly
increased all-cause mortality in AS patients compared with
matched controls representing the general population in Israel.
The association remained significant after adjusting for general
comorbidities, which are associated with AS and with increased
mortality. When examining AS patients ever treated with TNFi,
alone or with combination with DMARDs, no excess mortality
was observed. Among these patients, longer time for initiation of
treatment was slightly yet significantly associated with increased

mortality. Within the AS cohort, older age, male sex, general
comorbidities, and increased CRP levels increased the risk for
mortality, while Arab ethnicity, low-SES, and AS-related manifes-
tations (IBD, psoriasis, history of joint replacement surgery, and
osteoporosis) were not found significant.

Our results demonstrating increased mortality in AS patients
were compatible with previous studies that showedmortality risks
ranging between 1.3 to 1.8 (11–17). Only 2 of these studies were
with relatively large sample sizes and used matched comparison
cohorts (11,14). None of the prior studies adjusted for baseline

Figure 1. Kaplan-Meier survival curves comparing ankylosing spondylitis (AS) patients and age-and-sex matched controls: A, total, B, men, and
C, women.
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general comorbidities, which are found in higher rates in AS
patients and are related to mortality, and therefore can act as con-
founders (26–28). In our study, we used the Charlson Comorbidity
Index to quantify the comorbidity burden. This well-established score
was validated as a prognostic factor in longitudinal studies (25).

Beneficial effects of TNFi on all-cause mortality were previously
reported for other chronic inflammatory rheumatic diseases such as
RA (7,8,10) and PsA (9). Regarding AS, many RCTs have demon-
strated the efficacy of TNFi, in terms of disease activity (29), and its
safety in terms of adverse events such as malignancies and infec-
tions (8). Yet regarding the effect on long-term survival, to our knowl-
edge, only 1 study has previously been published (10). The study
reported decreased all-cause mortality among AS patients treated
with TNFi (standardized mortality ratio [SMR] 0.14 [95% CI 0–
0.78]). However, the study referred only to adalimumab, had a small
sample size with no deaths among female patients, and was based
on a selected population from RCTs, which is not representative of a
real-life population. Our study is not randomized, and each treatment
group represents patients with different clinical features and cannot
be directly compared. Therefore, we compared each group to
matched controls from the general population and performed an
adjustment for relevant factors. This cohort has the advantage of
describing a real-world state yet is not indicative of efficacy or causality.

In our study, in accordance with previous reports, baseline
comorbidity rates, such as chronic pulmonary disease, connective-
tissue diseases, diabetes mellitus, ischemic heart disease, peptic
ulcer disease, and malignancies, were higher in AS patients com-
pared to controls (3,11,14). This observation might be explained by
a shared pathogenicmechanism, reverse causality, or detection bias
due to more frequent use of health care services by the AS cohort.
Almost all general comorbidities, as expected, were found to be risk
factors for mortality within the AS cohort. The rates of extraarticular
manifestations (IBD and psoriasis) as well as disease-related condi-
tions (osteoporosis and joint replacement surgery) were roughly the
same as in previous studies and likewise did not significantly influ-
ence mortality (14,16). Another finding of our study was that higher
levels of serum CRP, a marker for AS disease activity, were associ-
atedwith increasedmortality. This finding, which supports 2 previous
reports (12,15), might indicate a positive association between the
severity of AS and mortality. Notably, however, for the purpose of
our study, we considered the mean level of all measurements done
during the follow-up period, regardless of the context in which the
test was taken. As the CRP level is influenced greatly by a variety of
acute and chronic conditions, this measurement is not very specific.

The present study has several strengths. First is the large
sample-size arising from a sampling frame including more than

Table 5. Factors associated with mortality within ankylosing spondylitis cohort, logistic regression analysis*

Rates in deceased AS
patients

P(n = 667) OR (95% CI)†

Demographics
Age, mean ± SD 10-year increments 70.5 ± 12 3.02 (2.79–3.27) <0.001
Male (vs. female) 468 (70.2) 1.56 (1.27–1.90) <0.001
Ethnicity (Arab vs. Jewish) 60 (9.0) 1.15 (0.84–1.57) 0.393
Socioeconomic status (low vs. intermediate/high) 65 (9.7) 1.36 (0.99–1.85) 0.058

General comorbidities
Cerebrovascular disease 78 (11.7) 1.71 (1.22–2.40) 0.002
Chronic kidney disease 78 (11.7) 2.45 (1.67–3.59) <0.001
Chronic pulmonary disease 83 (12.4) 2.44 (1.74–3.42) <0.001
Cirrhosis 4 (0.6) 1.75 (0.44–6.90) 0.425
Congestive heart failure 54 (8.1) 2.78 (1.75–4.41) <0.001
Connective tissue disease 37 (5.5) 1.33 (0.88–2.00) 0.175
Diabetes mellitus 220 (33.0) 1.54 (1.25–1.89) <0.001
Ischemic heart disease 238 (35.7) 1.72 (1.38–2.14) <0.001
Peptic ulcer disease 121 (18.1) 1.38 (1.06–1.80) 0.015
Peripheral vascular disease 58 (8.7) 2.24 (1.49–3.35) <0.001
Solid malignancy 162 (24.3) 4.34 (3.36–5.62) <0.001
Hematologic malignancy 27 (4.0) 3.45 (1.87–6.38) <0.001

Charlson Comorbidity Index (every 1-point increment) – 1.52 (1.43–1.62) <0.001
AS-related manifestations

Inflammatory bowel disease 30 (4.5) 1.47 (0.96–2.27) 0.08
Psoriasis 31 (4.6) 1.30 (0.85–1.99) 0.233
Osteoporosis 181 (27.1) 1.24 (0.99–1.55) 0.058
Joint replacement 62 (9.3) 1.14 (0.81–1.61) 0.438
Serum CRP, mean ± SD 5-mg/liter increment 1.80 ± 2.4 1.86 (1.42–2.44) <0.001
Time from enrollment to initiation of TNFi, median
(IQR) 1-month increment

20.5 (6–32) 1.01 (1.00–1.02) 0.002

* Values are the number (%) unless indicated otherwise. 95% CI = 95% confidence interval; AS = ankylosing spondylitis;
CRP = C-reactive protein; IQR = interquartile range; OR = odds ratio.
† Age-adjusted.
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half of Israel’s population, which allows better precision of esti-
mates for different subgroups and increases the external validity
of the study. Moreover, the sampling of outpatients as well as of
inpatients and the free medical insurance and services in Israel
decrease the potential of referral bias. The use of an unexposed
comparator from the general population to assess all-cause mor-
tality is also an advantage, as it was shown to be more precise
and less biased than SMRs (30). Finally, the use of CHS registries
allowed us to include and adjust, accurately, for socioeconomic
variables as well as other comorbidities and lifestyle habits, and
enabled us direct access to all the subjects’ pharmaceutical and
laboratory data. Nonetheless, the use of a large, computerized
database has several limitations. The diagnosis of AS was based
on International Classification of Diseases codes, and we had no
access to the criteria by which the diagnosis was made, and thus
misclassification of AS is possible, although diagnosis of other
spondyloarthropathies from the same database have been dem-
onstrated previously to be highly valid (21,22).

Second, we had limited access to important clinical vari-
ables, such as joint involvement, the presence of anterior uveitis,
disease activity measures (except for CRP level), and physical dis-
ability. Another limitation is that our analysis does not include a
comparison between causes of deaths, as that information
belongs to a governmental registry that we did not have access
to. Finally, drugs such as NSAIDs, DMARDs, and TNFi are used
for indications other than AS, and we could not account for the
indication of treatment, and thus confounding by indication is
possible. Furthermore, channeling bias due to the fact that sub-
jects were not randomized according to treatment and a selection
bias due to better medical care and follow-up for patients being
treated with biologics may also influence the results. We per-
formed an adjustment for the main variables we believed were
significant in choosing a specific drug such as age, sex, and
comorbidities. Yet regardless of the statistical methods used, in
this study design, unmeasured confounders and channeling bias
could not be overcome, and causality should not be addressed
regarding treatment efficacy.

The observations made in this study suggest several direc-
tions for further investigations. One is the need to evaluate treat-
ment strategies in chronic inflammatory conditions not only in
terms of symptom and articular damage but in terms of survival
benefits as well, given the understanding that inflammation is a
systemic condition. For example, current guidelines recommend
whether or not to start a treatment of TNFi based on the disease
activity, CRP levels, and evidence of sacroiliitis (31,32). However,
the benefits of TNFi treatment could be portrayed in manners
other than articular damage through repair of microvascular dam-
age and reduction of atherosclerosis (5,33). A similar association
was only recently reported in a randomized controlled study
exploring interleukin-1β targets (34). For this mechanism to be
determined, further studies, preferably matched prospective or
randomized controlled studies, are warranted.

In conclusion, in this study we found that AS patients had an
increased mortality risk compared to the general population. This
association remained significant after adjusting for age, sex, and
baseline comorbidities. AS patients treated with TNFi did not
demonstrate excess mortality compared to matched controls.
Within the AS cohort, age, male sex, general comorbidities, and
higher CRP levels were identified as risk factors for mortality. Fur-
ther studies are warranted to explore the effects of disease activ-
ity, clinical manifestations, and treatment on AS mortality.
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Comparison of Responsiveness of British Isles Lupus
Assessment Group 2004 Index, Systemic Lupus
Erythematosus Disease Activity Index 2000, and British Isles
Lupus Assessment Group 2004 Systems Tally

Chee-Seng Yee,1 Caroline Gordon,2 David A. Isenberg,3 Bridget Griffiths,4 Lee-Suan Teh,5 Ian N. Bruce,6

Yasmeen Ahmad,7 Anisur Rahman,3 Athiveeraramapandian Prabu,2 Mohammed Akil,8 Neil McHugh,9

Christopher J. Edwards,10 David D’Cruz,11 Munther A. Khamashta,12 and Vernon T. Farewell13

Objective. To compare the responsiveness of the British Isles Lupus Assessment Group 2004 index (BILAG-2004)
and the Systemic Lupus Erythematosus Disease Activity Index 2000 (SLEDAI-2K) disease activity indices and to deter-
mine whether there was any added value in combining BILAG-2004, BILAG-2004 system tally (BST), or simplified BST
(sBST) with SLEDAI-2K.

Methods. This was a multicenter longitudinal study of SLE patients. Data were collected on BILAG-2004, SLEDAI-
2K, and therapy on consecutive assessments in routine practice. The external responsiveness of the indices was
assessed by determining the relationship between change in disease activity and change in therapy between 2 consec-
utive visits. Comparison of indices and their derivatives was performed by assessing the main effects of the indices
using logistic regression. Receiver operating characteristic curves analysis was used to describe the performance of
these indices individually and in various combinations, and comparisons of area under the curve were performed.

Results. There were 1,414 observations from 347 patients. Both BILAG-2004 and SLEDAI-2K maintained an inde-
pendent relationship with change in therapy when compared. There was some improvement in responsiveness when
continuous SLEDAI-2K variables (change in score and score of previous visit) were combined with BILAG-2004 system
scores. Dichotomization of BILAG-2004 or SLEDAI-2K resulted in poorer performance. BST and sBST had similar
responsiveness as the combination of SLEDAI-2K variables and BILAG-2004 system scores. There was little benefit
in combining SLEDAI-2K with BST or sBST.

Conclusion. The BILAG-2004 index had comparable responsiveness to SLEDAI-2K. There was some benefit in
combining both indices. Dichotomization of BILAG-2004 and SLEDAI-2K leads to suboptimal performance. BST and
sBST performed well on their own; sBST is recommended for its simplicity and clinical meaningfulness.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a complex multisys-
tem disease, and assessment of this disease is challenging, given

the multiple outcome domains to be considered. The 2 commonly
used disease activity indices that allow the results from different
cohorts of SLE patients to be compared in clinical trials or obser-
vational studies are the British Isles Lupus Assessment Group
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2004 index (BILAG-2004) (1–5) and the Systemic Lupus Erythe-

matosus Disease Activity Index 2000 (SLEDAI-2K) (6–8).
A strong correlation between the classic BILAG index and

the original SLEDAI was demonstrated using patient vignettes,
but there has been no direct comparison of the performance of
BILAG-2004 and SLEDAI-2K using real-world clinical data (9,10).
Various attempts have been made to combine SLEDAI (or its
derivatives) with BILAG-2004 or classic BILAG indices in clinical
trials, in the belief that a combination might be superior to either
index on its own (11–14). However, few data are available to sup-
port this presumption, and concerns exist about the impact of
variable recording of the physician’s global assessment (PhGA)
by different physicians (9) in composite responder indices such
as the SLE Responder Index (SRI) and its derivatives (11,13–16)
and the BILAG Composite Lupus Assessment (BICLA)
(12,17,18). These composite clinical trial end points focus on
changes, in particular on patients showing specific levels of
improvement in 1 index at the final trial visit as compared to base-
line visit and require no worsening in the alternative index and
PhGA. Both SRI and BICLA are currently used as end points in
clinical trials of SLE, but trial results have been inconsistent,
including some with promising results in phase II studies but neg-
ative results in phase III or with disappointing results generally
(12,15,17,19–21). One of the concerns with trials that failed was
with the outcome measure used as the primary end point being

not optimal (22). This study reports on the analysis comparing
BILAG-2004 and SLEDAI-2K and tries to determine the best
way of using these indices without PhGA in longitudinal studies.

We have previously demonstrated the external responsive-
ness of BILAG-2004 and SLEDAI-2K (4,23). Employing similar
robust methodology (24), the analyses presented here examined
whether the use of both indices improves the responsiveness of
each alone using data from a large longitudinal study of SLE
patients seen in routine practice. We also compared the perfor-
mance of the BILAG-2004 systems tally (BST). BST is an alterna-
tive way of representing BILAG-2004 scores in a longitudinal
assessment that combines the flexibility and simplification of over-
all numerical scoring of BILAG-2004 with the clinical intuitiveness
of BILAG-2004 structure (25).

PATIENTS AND METHODS

Data from a multicenter prospective longitudinal study in the
UK, which was primarily designed to validate BILAG-2004, were
used in this analysis (4). This same data set was used to demon-
strate the external responsiveness of SLEDAI-2K and to develop
BST and simplified BST (sBST) (23,25). All patients satisfied the
revised American College of Rheumatology criteria for classifica-
tion of SLE (26,27). This study received multicenter research eth-
ical approval and was carried out in accordance with the Helsinki
Declaration. Written consent was obtained from all patients.

This study has been described in detail previously (4). In
summary, patients were followed up prospectively in routine clini-
cal practice and data (BILAG-2004 index, SLEDAI-2K score, and
treatment) were collected for all consecutive visits and physician
encounters. Previously we demonstrated, based on receiver
operating characteristic (ROC) curve analyses, that BST, sBST,
and BILAG-2004 global numerical variables (combination of
change in BILAG-2004 global numerical score [5] and the score
from the previous visit), were comparably related to change in
therapy and provided better discrimination than a model including
variables for changes in all 9 BILAG-2004 system scores (25). In
the analyses presented here, we included disease activity as
assessed by SLEDAI-2K, BILAG-2004 individual system scores,
and global BILAG-2004 numerical score.

Changes in disease activity and treatment between 2 con-
secutive visits were analyzed. Each observation for the analysis
was derived from 2 consecutive visits. A robust definition for
change in therapy between consecutive visits was used as the
external reference for change in disease activity as described pre-
viously (see Supplementary Appendix A, available on the Arthritis
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SIGNIFICANCE & INNOVATIONS
• Various ways of analyzing the British Isles Lupus

Assessment Group 2004 index (BILAG-2004) and
Systemic Lupus Erythematosus Disease Activity
Index 2000 (SLEDAI-2K), and their derivatives, have
been employed in longitudinal studies of systemic
lupus erythematosus (SLE), especially in clinical tri-
als. However, a direct comparison of these 2 indices
and their various combinations has not been made
to determine the best way of using them without
the addition of a physician’s global assessment.

• The results of this analysis provide guidance on the
use of these indices as disease activity outcomemea-
sures in longitudinal studies of SLE. The key findings
from this analysis are: 1) both the BILAG-2004 index
and the SLEDAI-2K have similar responsiveness, and
there is some improvement when they are com-
bined; 2) dichotomization of the BILAG-2004 index
and the SLEDAI-2K may reduce performance as an
outcome measure; and 3) the simplified BILAG sys-
tem tally may have an advantage due to its simplicity
and clinical meaningfulness.
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Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24606) (3–5,23,25). Three categories of changes in
therapy were defined: no change, increase in therapy, and
decrease in therapy. All statistical analyses were performed using
Stata for Windows, version 8, and R (28). Robust variance estima-
tion was used to allow for correlation between multiple assess-
ments from the same patients (29).

External responsiveness was used to compare the perfor-
mance of the indices in this longitudinal study (24). It assessed
the extent to which changes in the index over time relate to corre-
sponding changes in therapy between 2 consecutive visits.
Therefore, clinically meaningful change was assessed. Change in
therapy was chosen as the external reference, as there was no
better objective alternative, and this criterion has been used in
multiple validation studies on BILAG-2004, SLEDAI-2K, and BST
(3–5,23,25). The pros and cons of using change in therapy as
the external reference were discussed previously (3).

Maximum-likelihood multinomial and binary logistic regres-
sion were used to assess external responsiveness, with change
in therapy as the outcome variable and changes in disease activity
(as determined by the indices) as the explanatory variables. For
comparison purposes, the main effects of the indices were
assessed within a common regression model. The baseline com-
parator for change in disease activity used in the analysis was
minimal or no change in activity, while the baseline comparator
for change in treatment was no change in therapy. The results
were reported as odds ratios (ORs) with 95% confidence intervals
(95% CIs), and Wald tests were used for model comparison
where needed.

In the multinomial regression analyses, the baseline
category of no change in therapy was compared with both
increase in therapy and decrease in therapy. There was no
direct comparison between increase in therapy and decrease
in therapy. An OR value of >1 for a 1-unit increase in the variable
defined by the index of interest, within the comparison between
increase in therapy and no change in therapy, indicated that the
increase in the index score was associated with an increase in
therapy. Conversely, an OR of <1 for the same comparison
implied that the increase in the index score was associated with
no change in therapy (and not with a decrease in therapy) or
equivalently an inverse association with an increase in therapy.
Similar interpretation was applicable to the reported OR for the
comparison between decrease in therapy and no change in
therapy.

Various combinations of SLEDAI-2K and BILAG-2004
(including BST and sBST) as dichotomized or regarded as contin-
uous variables were examined and compared to determine
whether there was added value in combining both of these indi-
ces. For some analyses, the BILAG-2004 global numerical score
was calculated based on the system scores using a coding
scheme of A = 12, B = 8, C = 1, D/E = 0 (5). ROC curves analysis
was used to describe the performance of these indices and the

various combinations (30). Logistic regression was used to esti-
mate the sensitivity, specificity, positive predictive value, negative
predictive value, and area under the curve (AUC). The analyses
were performed from 2 perspectives: deterioration in scores as a
predictor of increase in therapy and improvement in scores as a
predictor of decrease in therapy. Calculation of an asymptotic
confidence interval for AUC and comparison of AUCs were per-
formed using a nonparametric approach (31). AUC, with a value
from 0 to 1, quantified the performance of the index, with the
value of 1 corresponding to the index providing perfect
discrimination.

Deterioration in the BILAG-2004 score was defined to have
occurred if there was worsening in the score to grades A or B in
any of the systems. The deteriorations were classified (in order of
ranking) as: 1) major deterioration: change from C/D/E to A or
from D/E to B, 2) minor A deterioration: change from B to A, and
3) minor B deterioration: change from C to B. A change from
D/E to C was considered minor and not clinically significant.
Therefore, such a change was excluded from the definition of
deteriorations.

Improvement in the BILAG-2004 score was deemed to have
occurred if there was reduction in the score in any system in the
absence of any deterioration in the other systems. The improve-
ments were classified (in order of ranking) as 1) major improve-
ment: change from A to C/D or B to D, 2) minor A improvement:
change from A to B, and 3) minor B/C improvement: change from
B to C or C to D. These classifications were used to define BILAG-
2004–based explanatory variables in regression analyses. The
definitions and gradations above were based on the principle of
intent-to-treat that underlay BILAG-2004 scoring, whereby active
disease requiring therapy was graded A or B depending on the
item, while grade C usually required symptomatic therapy (1).
We accepted that at the individual patient and organ level, there
may be variation in the severity of the disease items and the need
for change in therapy within each grade.

BST and its simplified version, sBST, were counts of systems
with specified changes in scores between 2 assessments (25).
BST comprised 6 components: 1) the number of systems with
major deterioration (change of B/C/D/E to A, or D/E to B), 2) the
number of systems with minor deterioration (change of C to B), 3)
the number of systems with persistent significant activity
(no change from A or B), 4) the number of systems with major
improvement (change of A to C/D, or B to D), 5) the number of
systems with minor improvement (change of A to B, or B to C),
and 6) the number of systems with persistent minimal or no
activity (change of C/D/E to C/D/E).

Simplified BST had 3 components: 1) the number of sys-
tems with active/worsening disease (systems with major deteri-
oration, minor deterioration, and persistent significant activity);
2) the number of systems with improving disease (systems with
major improvement and minor improvement); and 3) the number
of systems with persistent minimal or no activity.
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RESULTS

There were 347 SLE patients with 1,761 assessments
that contributed 1,414 observations for this analysis. There
was an increase in treatment in 22.7% of the observations,
while 37.3% had therapy decreased, and in 40.0%, there
was no change in treatment, as previously reported (4). The
demographic characteristics and distribution of change in
disease activity for each system are summarized in Supple-
mentary Tables 1 and 2, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.
1002/acr.24606.

Comparison of BILAG-2004 with SLEDAI-2K. To exam-
ine the combined performance of SLEDAI-2K and BILAG-2004,
we undertook multinomial logistic regression analysis of change
in therapy, using the changes in both BILAG-2004 and SLEDAI-
2K with and without their respective values at the previous visit.
We had demonstrated previously that although change in the
SLEDAI-2K score was significantly associated with changes in
treatment, the strongest relationship was observed in a model
that included both the change in the SLEDAI-2K score and the
score at the previous visit as continuous variables (hereby referred
to as SLEDAI-2K variables) (23).

In the analysis of external responsiveness reported here,
changes in the individual system scores of BILAG-2004 and
SLEDAI-2K variables (as a continuous variable) were included as
explanatory variables for the outcome variable of change in ther-
apy. Table 1 shows that SLEDAI-2K variables and individual
BILAG-2004 system scores retained independent relationships
with change in therapy. Consistent with our earlier work (23), if
only the change in SLEDAI-2K score was included (i.e., the
SLEDAI-2K score of the previous visit was omitted), the change
in SLEDAI-2K score was no longer significantly associated with
change in therapy (increase or decrease), while changes in
BILAG-2004 system scores maintained their significant associa-
tion with change in therapy (data not shown).

When we undertook a multinomial logistic regression analy-
sis of change in therapy using change in the numerical score of
BILAG-2004 and in SLEDAI-2K, along with their respective values
at the previous visit (see Supplementary Table 3, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24606), we observed the expected rela-
tionships between the changes in the numerical scores and
changes in therapy. Both pairs of variables, the 2 based on
BILAG-2004 and the 2 based on SLEDAI-2K, added predictive
power for an increase in therapy (P = 0.02 for the addition of
SLEDAI-2K variables to BILAG-2004 numerical score variables,
and P < 0.01 for the addition of BILAG-2004 numerical score var-
iables to SLEDAI-2K variables by Wald test). For decrease in ther-
apy, the SLEDAI-2K variables did not provide additional predictive
power (P = 0.50 by Wald test).

As shown in Table 2, we observed that BST variables were
related to changes in therapy in the expected manner, and that
SLEDAI-2K variables provided additional predictive power for an
increase in therapy (P = 0.007 based on the Wald test from sepa-
rate logistic regression) but not for a decrease in therapy (P = 0.30
by Wald test). Similar results were obtained with sBST (see Sup-
plementary Table 4, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24606).

Comparison of performance of combinations of
BILAG-2004 and SLEDAI-2K. Table 3 summarizes the results
of further analyses using various combinations of information from
BILAG-2004 and SLEDAI-2K. The table shows the AUC mea-
sures based on ROC curves derived from binary regression analy-
ses of both increase in therapy and decrease in therapy versus no
change in therapy. For completeness, we performed similar

Table 1. External responsiveness of the combination of the BILAG-
2004 and SLEDAI-2K indices with multinomial logistic regression
(n = 1,414)*

Change in score
Increase in
therapy†

Decrease in
therapy†

BILAG-2004 index system score‡
Constitutional

Increase ∞ 1.35 (0.87–2.08)
Decrease 0.86 (0.27–2.71) 2.26 (1.25–4.06)

Mucocutaneous
Increase 7.52 (4.36–12.98) 0.63 (0.31–1.28)
Decrease 0.88 (0.56–1.38) 1.49 (1.09–2.05)

Neuropsychiatric
Increase ∞ 1.85 (0.49–7.02)
Decrease 0.98 (0.20–4.79) 1.96 (0.85–4.51)

Musculoskeletal
Increase 11.93 (5.32–26.76) 1.10 (0.42–2.88)
Decrease 0.69 (0.44–1.08) 0.96 (0.69–1.33)

Cardiorespiratory
Increase 2.88 (0.96–8.60) 0.71 (0.24–2.05)
Decrease 1.17 (0.50–2.75) 1.42 (0.82–2.47)

Gastrointestinal
Increase 7.74 (0.67–89.43) 0
Decrease 0.64 (0.18–2.31) 1.14 (0.26–4.88)

Ophthalmic
Increase 1.32 (0.01–270.27) 0
Decrease 4.25 (0.51–35.06) 1.47 (0.22–9.99)

Renal
Increase 1.08 (0.32–3.72) 3.14 (0.95–10.40)
Decrease 0.63 (0.26–1.54) 1.76 (0.97–3.19)

Hematologic
Increase –§ –§
Decrease 0.95 (0.56–1.60) 0.90 (0.64–1.28)

Change in SLEDAI-2K
score

1.17 (1.08–1.27) 0.93 (0.87–1.00)

Previous visit SLEDAI-2K
score

1.18 (1.11–1.26) 0.96 (0.91–1.02)

* Valuesare theodds ratio (95%confidence interval).BILAG-2004=British
Isles Lupus Assessment Group 2004 index; SLEDAI-2K = Systemic Lupus
Erythematosus Disease Activity Index 2000;∞ = infinity.
† Compared to no change in therapy.
‡ Compared to minimal change (including change of grade D/E to C)
within each system.
§ No observation with increase in score.
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analyses of increase in therapy versus no increase in therapy and
decrease in therapy versus no decrease in therapy.

The comparison of AUC measures from this exploratory
analysis for increase in treatment versus no increase in treatment
are summarized in Supplementary Table 5, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24606, which provides the significance
levels for the comparison of the various models. The P values
should be regarded as illustrative, as no adjustment for multiplic-
ity was performed. Similar results were obtained for analysis
for increase in treatment versus no change in treatment

(see Supplementary Table 6, available on the Arthritis Care &

Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24606). The analysis showed no evidence that either BILAG-
2004 system scores or SLEDAI-2K variables were more predic-
tive of changes in therapy individually than the other (P = 0.89 by
Wald test). There was some improvement in the performance
from the combination of both BILAG-2004 system scores and
SLEDAI-2K variables (P < 0.001 for the addition of each to the
other by Wald test). BST and sBST had comparable performance
(P = 0.107 by Wald test) and were, respectively, similar to
(P = 0.128 byWald test) or slightly worse than (P < 0.001 by Wald
test) BILAG-2004 numerical score variables (change in numerical
score and previous visit numerical score). BST, sBST, and
BILAG-2004 numerical score variables appeared to be more pre-
dictive of an increase in therapy compared to BILAG-2004 sys-
tem scores (P < 0.001, P = 0.002, and P < 0.001, respectively,
by Wald test) and SLEDAI-2K variables (P < 0.001, P = 0.013,
and P < 0 .001, respectively, by Wald test). Furthermore, BST,
sBST, and BILAG-2004 numerical score variables were compara-
ble to or slightly better than the combination of BILAG-2004 sys-
tem scores and SLEDAI-2K variables (P = 0.63, P = 0.26, and
P = 0.03, respectively, by Wald test). Finally, the addition of
SLEDAI-2K variables provided little improvement to the perfor-
mance of BST, sBST, or BILAG-2004 numerical score variables
(P = 0.60, P = 0.16, and P = 0.22, respectively, by Wald test).

Dichotomization of indices. Dichotomized versions of
the BILAG-2004 and the SLEDAI-2K have been used for a variety
of purposes. In the supplementary material using dichotomized
variables to analyze deterioration of activity and improvement in

Table 2. External responsiveness of the combination of BILAG-
2004 systems tally and SLEDAI-2K indices with multinomial logistic
regression (n = 1,414)*

Change in score
Increase in
therapy†

Decrease in
therapy†

BILAG-2004 systems tally‡
Major deterioration 14.35 (8.51–24.21) 0.85 (0.48–1.52)
Minor deterioration 5.72 (2.76–11.86) 1.04 (0.55–1.94)
Persistent significant
activity

5.54 (3.26–9.43) 0.65 (0.41–1.05)

Major improvement 0.95 (0.58–1.56) 1.57 (1.11–2.23)
Minor improvement 1.47 (0.89–2.43) 1.27 (0.91–1.79)

Change in SLEDAI-2K
score

1.08 (1.01–1.17) 0.96 (0.90–1.03)

Previous visit SLEDAI-2K
score

0.99 (0.91–1.07) 1.00 (0.94–1.07)

* Values are the odds ratio (95% confidence interval). BILAG-
2004 = British Isles Lupus Assessment Group 2004 index; SLEDAI-
2K = Systemic Lupus Erythematosus Disease Activity Index 2000.
† Compared to no change in therapy.
‡ Compared to persistent minimal or no activity (change of grade
C/D/E to C/D/E).

Table 3. Area under the curve values from receiver operating characteristics curves analysis of the BILAG-2004
index, SLEDAI-2K, and combination of the 2 indices*

Increase in therapy Decrease in therapy

Versus no
change

Versus no
increase

Versus no
change

Versus no
decrease

BILAG-2004 index system scores† 0.75 (0.70–0.79) 0.75 (0.71–0.78) 0.59 (0.56–0.62) 0.65 (0.62–0.67)
BST 0.82 (0.78–0.87) 0.83 (0.81–0.86) 0.57 (0.54–0.61) 0.66 (0.63–0.68)
Simplified BST 0.81 (0.78–0.84) 0.81 (0.78–0.84) 0.57 (0.54–0.60) 0.65 (0.63–0.68)
BILAG 2004 numerical score
variables‡

0.84 (0.81–0.87) 0.85 (0.82–0.88) 0.58 (0.55–0.62) 0.67 (0.65–0.70)

SLEDAI-2K variables§ 0.75 (0.71–0.78) 0.76 (0.73–0.79) 0.56 (0.53–0.60) 0.63 (0.60–0.66)
BILAG 2004 index system scores plus
SLEDAI-2K variables

0.80 (0.77–0.83) 0.81 (0.78–0.84) 0.60 (0.57–0.64) 0.67 (0.64–0.70)

BST plus SLEDAI-2K variables 0.84 (0.81–0.86) 0.84 (0.81–0.87) 0.59 (0.55–0.62) 0.67 (0.64–0.70)
Simplified BST plus SLEDAI-2K
variables

0.82 (0.79–0.85) 0.83 (0.80–0.86) 0.58 (0.55–0.62) 0.67 (0.64–0.69)

BILAG-2004 numerical score variables
plus SLEDAI-2K variables

0.84 (0.82–0.87) 0.85 (0.83–0.88) 0.59 (0.56–0.62) 0.68 (0.65–0.71)

* Values are the area under the curve (95% confidence interval). BILAG-2004 = British Isles Lupus Assessment
Group 2004 index; BST = BILAG-2004 systems tally; SLEDAI-2K = Systemic Lupus Erythematosus Disease Activity
Index 2000.
† 9 separate changes in system scores.
‡ Change in numerical score and previous visit numerical score.
§ Change in SLEDAI-2K score and previous visit SLEDAI-2K score.
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activity (Supplementary Tables 7 and 8, respectively, available on
the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24606), the results for clinically relevant
dichotomizations were given for the 2 indices, separately and in
combination. These were based on multinomial regressions with
a single binary explanatory variable.

Two particular categorizations of changes in the combination
of these measures that were of similar magnitude to those used in
the definition of SRI (SLEDAI-2K score decrease of ≥4 and no
BILAG-2004 deterioration) (11) and BICLA (all improvements in
BILAG-2004 with no SLEDAI-2K score increase of ≥1) (12)
were included in Supplementary Table 8, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24606, examining improvement in disease activity,
but without PhGA. The change was also between 2 consecutive
visits (not between the start and end of study). The estimated sensi-
tivities and specificities were 1.5% and 98.9%, respectively, for the
SRI-like variable, and 48.2% and 70.0%, respectively, for the
BICLA-like variable when used to predict a decrease in therapy (ver-
sus no decrease). The AUC values for these 2 variables were 0.50
and 0.59, respectively, compared with AUCs >0.65 for BST, sBST,
and BILAG-2004 numerical variables (Table 3). Other dichotomized
variables also did not perform as well as these numerical variables
in relation to both decrease in therapy and increase in therapy.

DISCUSSION

This multicenter observational study directly compared the
responsiveness of the BILAG-2004 index with the SLEDAI-2K in lon-
gitudinal fashion and assessed the potential value of combining the
2 indices using a comprehensive range of approaches. Our analyses
showed that there was some nonoverlapping relationship with
change in therapy when both BILAG-2004 and SLEDAI-2K were
included in themodel, confirming that both indices had similar respon-
siveness. Responsiveness was optimal if both the change in the
SLEDAI-2K score and the SLEDAI-2K score of the previous visit were
included in themodel as continuous variables. The use of only change
in the SLEDAI-2K score was associated with inferior performance.

Outcome in clinical trials is determined by 3 factors: efficacy
of intervention, study design, and effectiveness of the outcome
measure used. Our discussion is focused on properties of the
outcome measure that would affect its ability to differentiate the
efficacy of the different treatment arms. Discussing the other
factors is beyond the scope of the present work.

Many clinical trials in SLE have reported their results using
various combinations of the SLEDAI-2K or the Safety of Estro-
gens in Lupus Erythematosus National Assessment (SELENA)–
SLEDAI (and its variants) with the BILAG-2004 or the classic
BILAG index as the primary end points (22). In the belimumab
phase III trials, the SRI was used in which a response was defined
as an improvement in the SELENA-SLEDAI score of at least
4 points with no new grade A and ≤1 new grade B classic BILAG

system score, and no deterioration of PhGA (13,14). This combi-
nation was selected using the data set from the phase II trial of
belimumab to derive the best separation in efficacy between beli-
mumab and placebo, with the presumption that belimumab was
effective (11). Using a similar combination of improvement in the
SLEDAI-2K score of at least 4 points with no worsening of the
BILAG-2004 system score to grade A or B, we found that this
combination performed poorly when assessed using the refer-
ence of change in therapy. This finding was surprising as we
would have expected these 2 indices to exert a greater role than
PhGA, which is subject to variable reporting due to individual phy-
sicians scoring lupus manifestations differently from each other in
the absence of a glossary, particularly in patients with >1 system
involved (9). The indices used in this study were different from
the original SRI (BILAG-2004 instead of classic BILAG index,
SLEDAI-2K instead of SELENA-SLEDAI and no PhGA). The modi-
fied SRI used in the analysis was very similar to the indices used suc-
cessfully in the phase 2 trial of ustekinumab (16), but which failed as
the primary end point in phase 3 trials of anifrolumab (15) and Lupu-
zor (19). These trials used a modification of the SRI in which
response was driven by a 4-point reduction in the SLEDAI-2K score
with ≤1 newB grade in BILAG-2004 and ≤10%worsening of PhGA.

A different combination (BICLA) was used in other clinical tri-
als, in which a response was defined as an improvement in the
BILAG-2004 system score (in the absence of new grade A or B
score) with no worsening of the SLEDAI-2K score (≥1) and no
worsening of PhGA (12,15,17,18). The results of our study,
shown in Supplementary Table 8, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24606, supported the use of this combination of BILAG-
2004 and SLEDAI-2K indices, which although not successful in
the epratuzumab phase 3 trial (17), was successful in phase 3 tri-
als of anifrolumab as primary (TULIP-2 trial) and secondary end
points (TULIP-1 trial) (15,18).

Currently, the combination of the 2 indices (BILAG-2004 with
SLEDAI-2K) used in clinical trials involves dichotomizations of the
outcome variables. Our data suggested that the benefit was min-
imal when combining these 2 indices in this specific way, and the
value of PhGA was debatable (9). Dichotomization involves using
a cutoff to determine whether a response is achieved (yes/no
response). However, dichotomization of variables may result in
loss of efficiency, as it does not allow for a graded response,
and a partial response might be considered lack of response if
the cutoff is not achieved (32). We demonstrated that dichotomi-
zation of both BILAG-2004 and SLEDAI-2K resulted in poorer
responsiveness in our longitudinal study. With better efficiency
and performance of the outcome measure used, fewer patients
would be required in a study to demonstrate differences between
groups, which then facilitates target recruitment and reduces the
cost of running the study. In comparison to the use of a continu-
ous outcome, the size of a trial may need to be increased by a fac-
tor of 30% if a binary outcome with a uniform distribution is used
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with a median cutoff, with greater gains for a normal distribution
(32). By using BST or sBST, which are based on counts of sys-
tems with specified transitions in BILAG-2004 scores, the prob-
lem of dichotomization could be avoided.

Although BILAG-2004 numerical score variables and the
combination of the SLEDAI-2K variables with BST or sBST had
a slightly better performance than BST or sBST alone, BST and
sBST performed better than BILAG-2004 system scores and
SLEDAI-2K. In addition, there was difficulty with interpretation of
the clinical meaningfulness of BILAG-2004 numerical score vari-
ables and the combination of SLEDAI-2K variables with BST or
sBST. Our analyses supported the use of BST or sBST alone
and suggested minimal advantage of combining SLEDAI-2K with
BST or sBST. Consequently, there could be simplification in study
methodology by using only 1 disease activity index (BILAG-2004),
which would avoid confusion and reduce errors due to differ-
ences in BILAG-2004 and SLEDAI-2K glossaries.

One limitation of this study that might affect the applicability
of the results to clinical trials was the time reference used to
define change in disease activity. This study looked at the
changes between consecutive visits. In contrast, clinical trials
generally compare the disease activity between the beginning
and the end of the study (and not between consecutive visits),
which might be 1 year apart. With a longer time interval, a larger
effect is far more likely to occur. However, comparing the out-
come measures at only 2 time points (the beginning and the
end of study) ignores the level of disease activity between these
2 time points. The use of counts or a continuous variable over
the study period (such as flare rate) could overcome this disad-
vantage. Another limitation was that BST and sBST were devel-
oped using the same data set, which might have provided an
advantage. Validation of our result with an independent data
set is needed.

In conclusion, both BILAG-2004 and SLEDAI-2K have simi-
lar responsiveness longitudinally. There is some benefit in com-
bining the 2 indices, but dichotomization of the indices leads to
suboptimal performance. BST and sBST performed well on
their own and the addition of SLEDAI-2K variables only resulted
in minimal improvement. There is no significant difference
with the responsiveness of BST or sBST. Given that sBST has
only 3 components, we would recommend the use of sBST in
longitudinal analysis of disease activity for its simplicity and clinical
meaningfulness.
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Pregnancy Outcomes in Undifferentiated Connective
Tissue Disease Compared to Systemic Lupus Erythematosus:
A Single Academic Center’s Experience

Katherine P. Kaufman, Amanda M. Eudy, Nathaniel Harris, Laura Neil, and Megan E. B. Clowse

Objective. Systemic lupus erythematosus (SLE) patients have more pregnancy complications than healthy
patients. Data regarding pregnancy outcomes in women with undifferentiated connective tissue disease (UCTD) are
more limited, and existing studies are concentrated in Italy and predominantly in patients with a new diagnosis. Our
objective was to compare pregnancy outcomes for UCTD and SLE patients with established disease.

Methods. Between 2008 and 2017, patients with UCTD and SLE at an academic medical center were recruited to a
prospective pregnancy registry. UCTD was defined as a positive autoantibody plus connective tissue disease symp-
toms not meeting criteria for another rheumatic diagnosis. SLE was defined by American College of Rheumatology
or Systemic Lupus International Collaborating Clinics classification criteria or by physician diagnosis. Data were col-
lected throughout pregnancy and postpartum. Comparator groups included UCTD, low-activity SLE, and high-
activity SLE.

Results. A total of 150 SLE and 51 UCTD pregnancies were analyzed. Disease activity was low in most patients,
although more patients with SLE had severe activity during pregnancy (12% versus 2%; P = 0.05). The frequencies
of prematurity and preeclampsia were significantly lower in UCTD than in high-activity SLE patients (preterm 17% ver-
sus 45% [P = 0.004] and preeclampsia 6% versus 34% [P = 0.0008]), although similar to low-activity SLE patients.
More infants who were small for gestational age were born to SLE than UCTD patients (33% versus 7%
[P = 0.0005]), regardless of disease activity level.

Conclusion. Pregnancies in women with UCTD managed by a rheumatologist have a high rate of pregnancy suc-
cess and fewer risks than those in women with active SLE.

INTRODUCTION

When compared to healthy women, women with systemic

lupus erythematosus (SLE) are known to have more complica-

tions in pregnancy, including higher rates of miscarriage, preterm

delivery, preeclampsia, intrauterine growth restriction, and infants

who are small for gestational age (SGA) (1–3). Women with SLE

more often deliver by C-section or have labor induced (1,3,4).

The risk of pregnancy complications tends to be higher in patients

with active SLE than in patients with low disease activity (5,6).
Undifferentiated connective tissue disease (UCTD) is a term

used to describe connective tissue diseases that do not meet

criteria for another well-defined connective tissue disease (7). Def-

initions of UCTD vary but generally include the presence of symp-

toms of a connective tissue disease as well as a positive

antinuclear antibody test (8–10). UCTD is typically a milder condi-

tion with a more benign course than SLE, so the outcomes stud-

ies of pregnancy in SLE may not be applicable to patients

with UCTD.
Previous studies have evaluated pregnancy outcomes in

patients with UCTD (9,11–14). Not all studies compared UCTD

to other groups; however, the results of the comparative studies

suggest that the risks of pregnancy complications in UCTD lie

between those of healthy patients and those of patients with a
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defined rheumatic condition (Table 1). All of these studies were
done in Italy and thus represent a more racially homogeneous
population, distinct from those seen in other parts of the world.
Additionally, half of these studies evaluated outcomes in patients
without a prior diagnosis of UCTD who, during pregnancy,
screened positive for the diagnosis as part of the study (12–14).
Whether these benign pregnancy outcomes would be found in
women with symptoms significant enough to have sought rheu-
matologic care, to obtain this diagnosis, is not clear.

The objective of our study was to compare pregnancy out-
comes of our cohort of patients with UCTD to pregnancy out-
comes of patients with SLE. We hypothesized that the
outcomes of UCTD patients would be more favorable than those
of SLE patients, regardless of SLE activity in pregnancy. Our goal
was to provide clinically useful information to women with UCTD
who wish to pursue pregnancy.

PATIENTS AND METHODS

Patients and recruitment. Patients for this prospective
cohort study were recruited into the Duke Autoimmunity in Preg-
nancy (DAP) registry (Duke University Hospital Institutional Review
Board #Pro00000756) from the Duke rheumatology clinic by pro-
viding written informed consent at their first clinic visit in preg-
nancy. Patients were recruited from 2008 to 2017 and may be
included in the analysis more than once for distinct pregnancies.

Patients were included if they had a singleton pregnancy, a
diagnosis of either UCTD or SLE, and were enrolled into the DAP
registry prior to 33 weeks. In our cohort, we diagnosed UCTD if
patients had at least 1 positive autoantibody and symptoms sug-
gestive of an autoimmune disease without meeting criteria for
another rheumatic condition. SLE was defined according to
American College of Rheumatology criteria, Systemic Lupus
International Collaborating Clinics criteria, or physician diagnosis
(15–17). Exclusion criteria included the patient having a primary
diagnosis other than UCTD or SLE, including patients with a diag-
nosis of primary antiphospholipid syndrome (APS). Women with

both SLE and APS were included in the study. Multiple gestation
pregnancies (n = 9) are reported below but were excluded from
statistical analysis of pregnancy and neonatal outcomes.

Data collection. Data collected at baseline included
patient demographics and autoantibody profile. At each visit
throughout pregnancy, data on medications, current lupus-
related laboratory reports, and disease activity using the Systemic
Lupus Erythematosus Pregnancy Disease Activity Index (18) and
the physician global assessment (PhGA) were recorded at each
visit. The maximum disease activity during pregnancy was used
to classify patients into low, moderate, and severe activity groups.
A PhGA of 0 to <1 was considered low activity, PhGA of 1 to <2
was moderate activity, and PhGA ≥2 was severe activity. High-
activity SLE was defined as moderate or severe activity. Neonatal
and maternal outcomes were collected via chart review and
patient report soon after delivery. These outcomes included
pregnancy loss for women enrolled prior to 20 weeks, preterm
delivery (<37 weeks), early preterm birth (<30 weeks), weeks
of gestational age at delivery, method of delivery, SGA (defined
as birthweight <10th percentile for gestational age at birth,
based on US population reference percentiles of birth weight,
stratified by infant sex), very low birthweight (<1,500 gm), infant
APGAR (appearance, pulse, grimace, activity, respiration)
scores at 1 and 5 minutes, APGAR ≤6 at 5 minutes, neonatal
intensive care unit (NICU) admissions, and complete heart
block (19).

Statistical analysis.Outcomes were compared between
pregnancies in women with UCTD versus SLE, as well as
between pregnancies in which the mother had high-activity
SLE (PhGA ≥1) during pregnancy, low-activity SLE during
pregnancy, or UCTD. Due to significant differences in maternal
race between women with SLE and UCTD and the known
impact of non-Caucasian race on pregnancy outcomes, odds
ratios (ORs) were adjusted by maternal race. Differences in
proportions were estimated by Fisher’s exact test. Differences
in continuous variables were estimated by t-test or Wilcoxon’s
rank-sum test, depending on the distribution of the data. To
account for the lack of independence in pregnancy outcomes
for multiple pregnancies in the same woman, a sensitivity
analysis was performed excluding all women with multiple
pregnancies in the registry. Data were analyzed using SAS
software, version 9.4.

RESULTS

Patients.Data were collected on a total of 201 pregnancies,
including 150 pregnancies in 134 women with SLE and 51 preg-
nancies in 47 women with UCTD (Table 2). In patients with SLE,
there were 8 twin pregnancies and 1 triplet pregnancy. There
were significant differences in the racial composition of the

SIGNIFICANCE & INNOVATIONS
• This report is the first analysis of pregnancy out-

comes of a cohort of women with undifferentiated
connective tissue disease (UCTD) in the US.

• The findings here demonstrate that pregnancy out-
comes of women with UCTD are similar to those of
otherwise healthy women.

• The findings also demonstrate that women with
well-controlled SLE at the start of pregnancy have
good pregnancy outcomes.

• This study suggests that women with UCTD and
women with well-controlled SLE can be counseled
that they have a very high likelihood of having a
healthy pregnancy and baby.
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diagnostic groups, with the majority of women with UCTD being
Caucasian (67%) and half of women with SLE being Black
(51%). The average maternal age at delivery and gestational age
at study entry were not significantly different between women with
UCTD and SLE.

SLE/UCTD features. The frequency of anti-Ro and anti-La
antibodies was similar between women with UCTD and SLE, but
anti-RNP and anti-Sm antibodies were both significantly more

common in women with SLE. Antiphospholipid antibodies were
not common within the cohort, and the frequency was not differ-
ent for women with UCTD and SLE. Five pregnancies in 5 women
with SLE met criteria for APS. In SLE patients, 28% had a history
of lupus nephritis.

Disease activity.Most patients had low disease activity at the
first clinic visit and throughout pregnancy. However, severe activ-
ity during pregnancy occurred in 2% of women with UCTD and

Table 1. Prior studies of pregnancies in women with undifferentiated connective tissue disease*

Author, year (ref.)
[range], study

design Groups
Pregnancy

loss

Mean GA
at birth,
weeks Preterm SGA or IUGR Preeclampsia

Mosca, 2002 (11),
cohort

UCTD (A), pregnant:
n = 25 (20 patients)

12% 36.7 n = 3 (12%) IUGR: n = 2 (twin
gestation)

NR

Castellino, 2011 (9)
[1/2003–
12/2008], case–
control†

UCTD (B), pregnant:
n = 55 pregnancies
(50 patients)

n = 3 (5.4%) 38.6 NR IUGR: n = 2
(3.6%)

n = 2 (3.6%)

Spinillo, 2008 (12)
[3/2004–6/2007],
case–control

New diagnosis UCTD (C),
pregnant: n = 41

NR 38.9‡ NR SGA: 12/40
(30%)‡

n = 3 (7.5%)

Healthy controls: n = 82 NR 39.6 NR SGA: 11/80
(13.8%)

n = 1 (1.3%)

Spinillo, 2012 (13)
[5/2005–4/2010],
case–control

Defined CTD, pregnant:
n = 24

n = 3 (12.5%) 37.8 n = 3 (12.5%) IUGR: n = 3
(12.5%); SGA:
n = 4 (16.67%)

n = 0/21

Spinillo, 2012 (13)
[5/2005–4/2010],
case–control

New diagnosis UCTD (D),
pregnant: n = 62

n = 2 (3.23%)‡ 38.7‡ Preterm, prior to
34 WGA; n = 2

(3.23%)‡

IUGR: n = 5
(8.06%)‡; SGA:

n = 12 (19.35%)‡

n = 7/60
(11.3%)‡

Spinillo, 2012 (13)
[5/2005–4/2010],
case–control

Insufficient criteria for
diagnosis, pregnant:
n = 57

n = 2 (3.51%) 39.4 n = 0 IUGR: n = 0; SGA:
n = 3 (5.26%)

n = 0/55

Spinillo, 2012 (13)
[5/2005–4/2010],
case–control

Asymptomatic controls,
pregnant: n = 211

n = 2 (0.95%) 39.4 n = 1 (0.47%) IUGR: n = 4
(1.90%); SGA:
n = 19 (9.00%)

n = 3/209
(1.42%)

Spinillo, 2016 (14)
[3/2009–6/2014],
case–control

Defined CTD, pregnant:
n = 68

n = 0 37.7 n = 5 (7.4%) SGA: n = 18
(26.5%)

n = 20 (29.4%)

Spinillo, 2016 (14)
[3/2009–6/2014],
case–control

New diagnosis UCTD (E),
pregnant: n = 131

n = 0 38.4‡ Preterm, prior to
34 WGA; n = 6

(4.6%)

SGA: 23 (17.5%) n = 30 (22.9%)

Spinillo, 2016 (14)
[3/2009–6/2014],
case–control

Insufficient criteria for
diagnosis, pregnant:
n = 150

n = 1 (0.6%) 38.9 n = 22 (14.6%) SGA: n = 17
(11.3%)

n = 9 (6%)

Spinillo, 2016 (14)
[3/2009–6/2014],
case–control

Asymptomatic controls:
n = 597

n = 0 39 n = 17 (2.8%) SGA: n = 46
(7.7%)

n = 19 (3.2%)

Zucchi, 2020 (25)
[2000–2018],
cohort

UCTD (A), pregnant:
n = 100 (81 patients)

n = 11 (11%) 38.8 n = 9 (10%) SGA: 10% n = 1 (1.1%)

Radin, 2020 (24)
[2010–2019],
cohort

UCTD (F), pregnant:
n = 224 (133 patients)

Sab: n = 45
(20.1%); SB:
n = 2 (0.9%)

36.2 n = 30 (16.9%)
late preterm:
n = 22 (12.4%)

SGA: n = 21
(11.9%); IUGR:
n = 6 (2.7%)

n = 5 (2.2%)

* (A) = signs, symptoms suggestive of connective tissue disease (CTD) lasting ≥1 year, not fulfilling criteria for a defined CTD plus positive
antinuclear antibodies (ANAs), on 2 separate occasions; (B) = signs, symptoms suggestive of CTD lasting ≥1 year, not fulfilling criteria for a
defined CTD plus positive ANAs, on 2 separate occasions >1:80; (C) = signs, symptoms suggestive of CTD lasting >6 months, not fulfilling
criteria for defined CTD plus positive ANAs; (D) = signs, symptoms suggestive of CTD lasting ≥3 years, not fulfilling criteria for a defined
CTD plus positive ANAs, on 2 separate occasions; (E) = signs, symptoms suggestive of CTD lasting ≥3 years, not fulfilling criteria for a
defined CTD plus positive ANAs; (F) = undifferentiated connective tissue disease (UCTD) diagnosis plus positive ANAs. GA = gestational
age; IUGR = intrauterine growth restriction; NR = not reported; ref. = reference; Sab = spontaneous abortion; SB = stillbirth (intrauterine
death after 20 weeks gestation); SGA = small for gestational age; WGA = weeks gestational age.
† Control group = UCTD patients, not pregnant. Outcomes not reported here.
‡ Significant result.
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12% of women with SLE (P = 0.05). More patients with SLE than
UCTD had abnormalities in complement and double-stranded
DNA during pregnancy. Proteinuria prior to 20 weeks gestation
was only found in patients with active SLE.

Medications. The large majority of women with UCTD and
SLE took immunomodulatory medications during pregnancy,

most commonly hydroxychloroquine (HCQ). Women with SLE
were more likely to be prescribed azathioprine (none with
UCTD compared to 20% with SLE; P = 0.0001) and glucocor-
ticoids. Steroids of some form (oral, including dexamethasone,
intramuscular, intraarticular, intravenous) were used by 47% of
SLE patients and 18% of UCTD patients (P = 0.0002).

Table 2. Demographic and baseline characteristics for 150 pregnancies in 134 SLE patients and 51 pregnancies in
47 UCTD patients. Data include 141 singleton gestations, 8 twin gestations, and 1 triplet gestation in the SLE group.
All pregnancies in the UCTD group were singleton*

Characteristic UCTD SLE P† High SLE Low SLE

Total patients 47 134‡ – 58 81
Total pregnancies 51 150 – 61 89
Age, mean ± SD (range) years 31.4 ± 5.5

(17–42)
30.0 ± 5.5
(19–45)

0.1 28.9 ± 5.5
(20–42)

30.8 ± 5.4
(19–45)

Gestational age at entry, mean ± SD weeks 15.0 ± 7.7 12.6 ± 6.6 0.05 13.5 ± 6.2 12.0 ± 6.8
Race
Black 10 (20) 76 (51) 0.0001 33 (54) 43 (48)
Caucasian 34 (67) 64 (43) 0.003 26 (43) 38 (43)
Asian 3 (6) 5 (3) – 1 (2) 4 (4)
Other 3 (6) 5 (3) – 1 (2) 4 (4)
Unknown 1(2) 0 (0) – 0 (0) 0 (0)

Hispanic ethnicity (n = 196) 3 (6) 6 (4) 0.7 4 (7) 2 (2)
History of lupus nephritis 0 (0) 42 (28) <0.0001 23 (38) 19 (21)
Autoantibodies (ever)
Antinuclear antibody (n = 189) 44 (92) 139 (99) 0.04 54 (100) 85 (98)
Anti-Ro (n = 196) 18 (37) 75 (51) 0.1 25 (42) 50 (57)
Anti-La (n = 195) 9 (19) 23 (16) 0.7 12 (20) 11 (13)
Anti-RNP (n = 194) 5 (10) 64 (44) <0.0001 29 (48) 35 (41)
Anti-Sm (n = 193) 0 (0) 47 (32) <0.0001 25 (42) 22 (26)

aPL (ever) (n = 171)§ 3 (8) 21 (16) 0.3 10 (18) 11 (14)
Antiphospholipid syndrome 0 (0) 5 (3) 0.3 3 (5) 2 (2)
Disease activity
At first visit
Low 45 (88) 110 (73) 0.1 21 (34) 89 (100)
Moderate 5 (10) 30 (20) – 30 (49) 0 (0)
Severe 1 (2) 10 (7) – 10 (16) 0 (0)

Highest during pregnancy
Low 40 (78) 89 (59) 0.02 – 89 (100)
Moderate 10 (20) 43 (29) – 43 (70) –

Severe 1 (2) 18 (12) – 18 (30) –

Inflammatory markers during pregnancy
Low C3 and/or C4 (n = 187) 2/42 (5) 50/145 (34) <0.0001 26/59 (44) 24/86 (28)
dsDNA+ (n = 187) 0/42 (0) 35/145 (24) <0.0001 14/59 (24) 21/86 (24)
Low platelets (n = 193) 2/45 (4) 6/148 (4) 1.0 5/60 (8) 1/88 (1)
Proteinuria (n = 192) 0/44 (0) 13/148 (9) 0.04 13/60 (22) 0/88 (0)
Proteinuria before 20 weeks (n = 155) 0/30 (0) 10/125 (8) 0.2 10/50 (20) 0/88 (0)

Medications
Immunomodulatory
Hydroxychloroquine 33 (65) 125 (83) 0.009 52 (85) 73 (82)
Azathioprine 0 (0) 30 (20) 0.0001 20 (33) 10 (11)
Steroids¶ 9 (18) 70 (47) 0.0002 46 (75) 24 (27)

None 15 (29) 17 (11) 0.003 4 (7) 13 (15)
Antihypertensive 5 (10) 25 (17) 0.3 14 (23) 11 (12)
Aspirin 25 (49) 112 (75) 0.001 45 (74) 67 (75)
Anticoagulation 2 (4) 19 (13) 0.1 10 (16) 9 (10)

* Values are the number (%) unless indicated otherwise. aPL = antiphospholipid antibody; dsDNA = double-
stranded DNA; SLE = systemic lupus erythematosus; UCTD = undifferentiated connective tissue disease.
† The P value compares UCTD and SLE pregnancies with statistical significance set at P ≤ 0.05.
‡ 5 patients had both low and high SLE pregnancies.
§ Positive (≥40 IU) anticardiolipin IgG, IgM; positive (≥40 IU) anti-beta 2 glycoprotein IgG, IgM; positive lupus antico-
agulant test.
¶ Oral (including dexamethasone), intramuscular, intravenous, or intraarticular steroids.
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Figure 1. Maximum dose of oral steroids used in pregnancy among: A, undifferentiated connective tissue disease patients; and B, systemic
lupus erythematosus patients. The majority of patients in both groups did not use oral steroids. A small percentage of patients in each group took
dexamethasone as the only oral steroid for early neonatal heart block.

Table 3. Pregnancy and neonatal outcomes in singleton pregnancies*

Outcome UCTD All SLE P† High SLE Low SLE

Total pregnancies, no.‡ 51 141 – 59 82
Live birth 47 (92) 121 (86) 0.3 49 (83) 72 (88)
Losses§
Miscarriage¶ 2 (5) 12 (10) 0.5 2 (4) 10 (15)
Stillbirth# 1 (3) 3 (3) 1.0 3 (6) 0 (0)
Termination (medically indicated) 0 (0) 5 (4) 0.3 5 (10) 0 (0)
Termination (malformation) 1 (3) 0 (0) 0.2 0 (0) 0 (0)

Pregnancy outcomes** n = 47 n = 121 n = 49 n = 72
Preterm (<37 weeks) 8 (17) 34 (28) 0.2 22 (45) 12 (17)
Early preterm (<30 weeks) 1 (2) 5 (4) 1.0 5 (10) 0 (0)
Weeks gestational age
Mean ± SD 37.7 ± 2.5 36.8 ± 3.0 0.06 35.4 ± 3.9 37.8 ± 1.7
Range 27–40 24–40 – 24–40 32–40

Preeclampsia/eclampsia (n = 170)†† 3 (6) 25 (20) 0.02 17 (34) 8 (11)
C-section (n = 167) 19 (40) 60 (50) 0.3 29 (60) 31 (43)
Induction (n = 167) 18 (38) 77 (64) 0.003 35 (73) 42 (58)
Medical induction‡‡ 10 (56) 53 (69) 0.3 29 (83) 24 (57)
Induced for dates‡‡ 8 (44) 24 (21) 0.3 6 (17) 18 (43)

Neonatal outcomes**
SGA (n = 161)§§ 3/45 (7) 38/116 (33) 0.0005 17/47 (36) 21/69 (30)
Very low birthweight (<1,500 gm) 1/45 (2) 8/116 (7) 0.4 6/47 (13) 2/69 (3)
APGAR 5 minutes, median (IQR) (n = 117) 9 (9–9) 9 (8.5–9) 1.0 9 (8–9) 9 (9–9)
APGAR 5 minutes ≤6 1/37 (3) 5/80 (6) 0.7 4/32 (13) 1/48 (2)
NICU admission (n = 131) 4/36 (11) 27/95 (28) 0.04 14 (37) 13 (23)
NICU length of stay, median (IQR) days 8 (2.5–29.5) 5 (2–12) 0.8 9 (4–16) 3 (2–5)

* Values are the number (%) unless indicated otherwise. APGAR = appearance, pulse, grimace, activity, respiration;
IQR = interquartile range; NICU = neonatal intensive care unit; SGA = small for gestational age; SLE = systemic
lupus erythematosus; UCTD = undifferentiated connective tissue disease.
† The P value compares UCTD and SLE pregnancies.
‡ Outcomes presented for singleton pregnancies only (n = 8 twin and n = 1 triplet pregnancy occurred in 9 women
with SLE).
§ The rates of losses were calculated including only pregnancies enrolled prior to 20 weeks gestation. No losses
occurred in pregnancies that enrolled after 20 weeks gestation.
¶ Miscarriage = fetal loss before 20 weeks gestation.
# Stillbirth = fetal loss at or after 20 weeks gestation.
** Pregnancy and neonatal outcomes are reported for live births.
†† Among pregnancies with a gestational age at outcome of at least 20 weeks.
‡‡ Percentage includes only those who were induced.
§§ Birthweight <0.1 percentile for gestational age.
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The frequency of glucocorticoid use was significantly higher in
women with active SLE compared to those with low-activity
SLE throughout pregnancy (high-activity SLE 75% versus
low-activity SLE 27%; P < 0.0001). Chronic daily steroid use
of ≤5 mg was uncommon and only prescribed in 4% of women
with UCTD and 13% with SLE (Figure 1). Six patients, 5 with
SLE (3%) and 1 with UCTD (2%), received dexamethasone to
prevent the development of complete heart block in the fetus
as their only steroid exposure. More women with UCTD than
SLE were not prescribed immunomodulatory medications.

Low-dose aspirin, which is recommended to decrease the
risk for preeclampsia among high-risk pregnancies, was more
frequently prescribed to women with SLE (75%) than UCTD
(49%; P = 0.001). Anticoagulation medication was prescribed
to women with APS or prior thrombosis at similar rates for
women with UCTD and SLE. The frequency of antihypertensive
therapy was not different between patients with UCTD
and SLE.

Outcomes. The majority of the 192 singleton pregnancies
resulted in a live birth, with 86% of SLE and 92% of UCTD
patients delivering a live infant (P = 0.3) (Table 3). Pregnancy ter-
mination for medical indications, most commonly rheumatic

disease activity, was most common in women with high-
activity SLE.

There was no statistically significant difference in the fre-
quency of preterm delivery or early preterm delivery between
SLE and UCTD patients. When adjusting for race and stratifying
by the degree of SLE activity in pregnancy, however, we found
that women with high-activity SLE had a higher frequency of pre-
term birth compared to women with UCTD (OR 3.8 [95% confi-
dence interval (95% CI) 1.41, 10.53]) and delivered, on average,
2.3 weeks earlier (β –2.30 [95% CI –3.39, –1.21]) (Table 4).

Preeclampsia was more common in patients with SLE (20%)
than in patients with UCTD (6%; P = 0.02). When adjusting for
race, the odds of having preeclampsia were not significantly
higher in patients with SLE compared to UCTD (OR 2.84 [95%
CI 0.79, 10.26]), but they was significantly higher for SLE patients
with high-activity lupus than for patients with UCTD (OR 5.74
[95% CI 1.50, 21.88]).

The difference in the C-section rate between SLE and UCTD
patients was not significant, and this finding did not change when
stratifying by disease activity level. While the frequency of induc-
tion was similar among women with UCTD and SLE overall, the
rate in pregnancies in women with UCTD (40%) was lower than
in the pregnancies in women with active SLE (73%; P = 0.0009).

Table 4. Pregnancy outcomes adjusted for maternal race*

Unadjusted Adjusted for race

Outcome High SLE vs. UCTD Low SLE vs. UCTD High SLE vs. UCTD Low SLE vs. UCTD

Gestational age, β (95% CI) –2.32 (–3.39, –1.25) 0.08 (–0.90, 1.06) –2.30 (–3.39, –1.21) 0.09 (–0.91, 1.10)
Preterm birth 3.97 (1.54, 10.23) 0.98 (0.37, 2.60) 3.85 (1.41, 10.53) 0.92 (0.32, 2.64)
Preeclampsia 7.73 (2.09, 28.55) 1.88 (0.47, 7.46) 5.74 (1.50, 21.88) 1.33 (0.32, 5.53)
SGA 7.93 (2.13, 29.51) 6.13 (1.71, 22.00) 6.92 (1.82, 26.31) 5.36 (1.46, 19.69)
C-section 2.25 (0.99, 5.11) 1.11 (0.53, 2.35) 2.30 (0.98, 5.39) 1.14 (0.53, 2.49)

* Values are the odds ratio (95% confidence interval) unless indicated otherwise. SGA = small for gestational age; SLE = sys-
temic lupus erythematosus; UCTD = undifferentiated connective tissue disease.

Table 5. Outcomes of patients who were prescribed dexamethasone for early fetal cardiac changes*

Patient
no.

Maternal
diagnosis Taking HCQ

Abnormal
cardiac findings

Gestational weeks
at abnormal finding Outcome

1 UCTD No Borderline 1st
degree heart

block

23 PR interval normalized

2 SLE Started at 16
WGA

Borderline 1st
degree heart

block

27 PR interval normalized

3 SLE Yes Mild MR, trivial TR 19 MR and TR resolved
4 SLE Yes MR, TR, ectopy 25 MR and TR improved to

mild
5 SLE Started at first

consult (19 WGA)
Ectopy 19 Ectopy resolved

(patient also stopped
caffeine)

6 SLE No Complete heart
block

19 Complete heart block

* HCQ = hydroxychloroquine; MR = mitral regurgitation; PR = EKG measurement; SLE = systemic lupus erythema-
tosus; TR = tricuspid regurgitation; UCTD = undifferentiated connective tissue disease; WGA = weeks gesta-
tional age.
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The reasons for induction were different, however, with 44% of
pregnancies in women with UCTD induced routinely when they
reached term, while 83% of pregnancies in women with high-
activity lupus were medically induced, either for the health of the
mother or the infant.

Significantly more infants born to mothers with SLE were
SGA, but there was no difference in infants born weighing
<1,500 gm. When adjusted for race, SLE continued to be associ-
ated with a higher risk of SGA infants, irrespective of disease
activity, compared to UCTD (high SLE activity versus UCTD OR
6.92 [95% CI 1.82, 26.31] and low-activity SLE versus UCTD
OR 5.36 [95% CI 1.46, 19.69]).

The frequency of NICU admission was significantly higher for
pregnancies in women with SLE (28% versus 11%; P = 0.04). For
both SLE and UCTD patients, the primary driver for admission to
the NICU was preterm delivery, with at least half of babies deliv-
ered early spending some time in the NICU (UCTD: 50% of pre-
term versus 6% of term infants in the NICU [P = 0.05]; SLE 56%
of preterm versus 18% of term infants in the NICU [P = 0.0007]).

There were 9 multiple gestation pregnancies, all in patients
with SLE. Eight of the pregnancies were twin pregnancies, and
1 was a triplet pregnancy. Other than 1 twin stillbirth at 21 weeks,
the remainder resulted in live births. The average gestational age
for the twin pregnancies was 34 weeks, with 4 delivering at
36 weeks and 1 at 37 weeks. The triplet pregnancy delivered at
34 weeks. Six of the 8 live births (twin and triplet gestations) were
delivered by C-section, 3 for maternal health, 2 for infant health
(growth retardation in triplet pregnancy and nonreassuring fetal
heart tones in a twin pregnancy), and 1 for maternal history of
prior C-section. Of the 5 pregnancies for which preeclampsia out-
come was known, 3 of the pregnancies were complicated by pre-
eclampsia. Of the 5 pregnancies in women with SLE and APS,
2 resulted in terminations for medical reasons, 1 in a preterm
delivery with preeclampsia at 35 weeks gestation, 1 with an
SGA infant at term without preeclampsia, and 1 with a normal-
sized infant at term without preeclampsia.

Only 1 infant born to a woman with anti-Ro antibodies devel-
oped complete heart block (1.1% of pregnancies in women with
anti-Ro antibodies). The complete heart block was discovered at
19 weeks gestational age and was not reversed with dexametha-
sone; the mother was not taking HCQ. Five additional patients
received dexamethasone for early neonatal cardiac complications
related to the presence of an anti-Ro antibody (Table 5). Two
patients with a fetal first-degree heart block and 2 patients with
findings concerning for carditis had reversal of these abnormali-
ties with dexamethasone. One fetus was noted to have ectopy,
which resolved with dexamethasone administration and caffeine
avoidance. Of the 5 patients with early fetal cardiac changes,
2 patients took HCQ throughout pregnancy, 2 patients started
HCQ after entering the second trimester, and 1 patient did not
take HCQ. Overall, 80% of women with anti-Ro antibody took
HCQ during pregnancy (SLE 85%, UCTD 56%; P = 0.009). The

frequency of cardiac changes suggestive of neonatal lupus was
similar between pregnancies in women with SLE (6.6%) and
UCTD (5.5%). The comparisons between UCTD and SLE, as well
as high and low SLE, were not different when 9 pregnancies in
5 women with UCTD and 29 pregnancies in 14 women with SLE
were excluded from the analysis.

DISCUSSION

Most pregnancies in women with UCTD resulted in a healthy
baby and healthy mother, with similar outcomes to women with
mild to inactive SLE but with fewer pregnancy and neonatal com-
plications than pregnancies in women with active SLE. As has
been shown previously, among pregnancies in women with SLE,
most of the poor pregnancy and neonatal outcomes were related
to SLE activity; given the low incidence of high-activity disease in
women with UCTD, a similar association is not found in this cohort
(1,5,20). In this cohort, collected prospectively in a university clinic
in the southeastern part of the US, there were significantly more
Black patients with SLE compared to patients with UCTD.
Because extensive data have demonstrated more pregnancy
complications in Black women than Caucasian women, preg-
nancy and neonatal outcomes were adjusted by maternal race,
still revealing significant differences in rates of preterm birth, pre-
eclampsia, and SGA between pregnancies with UCTD and high-
activity SLE.

Pregnancy loss is difficult to assess in prospective preg-
nancy registries, as pregnancy losses that occur prior to a woman
signing informed consent are not included. For this reason, the
miscarriage rate in this report is likely an underestimate of the
actual rate. Stillbirth, when assessed for pregnancies enrolled
prior to 20 weeks gestation, is more reliable. The rate of stillbirth
in this study is comparable to other SLE and UCTD studies, and
among women with active SLE is higher than among the general
population (21–24).

Our study is notably different from prior studies of pregnan-
cies in women with UCTD by including only women with symp-
tomatic UCTD that led to a rheumatologic diagnosis, by being
located within the US, and by including a racially diverse popula-
tion. Multiple prior studies have primarily included women who
were diagnosed with UCTD during pregnancy through a screen-
ing survey administered in the obstetric clinic. As these women
had not presented for rheumatologic evaluation, they probably
had a lower level of rheumatic symptoms and, thus, less systemic
inflammation and fewer pregnancy complications than our
patients. We identified rates of preterm delivery, preeclampsia,
and SGA that were all within the range of those reported in prior
studies, although the rate of preterm birth in women with UCTD
was 17% in this cohort, at the top of the range of prior UCTD
pregnancy reports (range 3–17%) (13,14,24,25). The rate of pre-
term birth in women with SLE in this cohort is comparable to pre-
viously published reports as well (1,26,27).
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The rate of SGA infants was significantly higher in patients
with SLE compared to those with UCTD. Interestingly, this finding
was irrespective of disease activity and persisted after adjusting
for race. The frequency of SGA in this cohort of women with
UCTD (7%) was within the range of prior reports (5–30%) and
the 10% in the general population. Infants are most commonly
born SGA due to placental insufficiency, which has been associ-
ated with SLE pregnancies (28). In a comparison of placental his-
tology between women with SLE and healthy women, the
placentas from women with SLE, with and without preeclampsia,
had abnormalities resembling those found in preeclampsia with-
out SLE, including maternal vasculitis, laminar decidual necrosis,
maternal-fetal interface hemorrhage, and nonocclusive fetal
thrombotic vasculopathy (29). The low frequency of SGA in the
UCTD population in this study suggests that the placental pathol-
ogy seen in women with SLE may not be common in women
with UCTD.

The infant outcomes for women with UCTD in this cohort
were very reassuring, with a low rate of NICU admission, normal
APGAR scores, and no increase in SGA rate. The primary cause
for NICU admission was preterm delivery, as is seen in the general
population.

The rate of complete heart block in our cohort of pregnancies
in women with anti-Ro antibodies was as expected, with only
1 infant (1.1%) developing this complication. The majority of
patients in both groups were taking HCQ. Four retrospective
cohort studies and 1 prospective trial show that HCQmay reduce
the risk of developing complete heart block, so the high rate of
HCQ use in our cohort may be responsible for keeping the num-
ber of cases with complete heart block low (30–34). The use of
dexamethasone in the patients with early signs of heart block
may have prevented those fetuses from having progression of
heart block, though the literature on fluorinated steroids (dexa-
methasone, betamethasone) to prevent or reverse early heart
block due to anti-Ro antibodies is conflicting without randomized
studies available (35).

The primary limitation of our study is the small number of
pregnancies in the UCTD cohort and the absence of a healthy
control group for comparison. Additionally, these data are derived
from a single center and managed by an expert in reproductive
rheumatology, which limits generalizability.

The findings reported here allow us to counsel women with
UCTD that pregnancy is frequently safe, with low rates of preg-
nancy and neonatal complications. More than half of the women
with UCTD in this cohort were maintained on medications
throughout pregnancy, including HCQ and aspirin, which may
have decreased their risk for poor pregnancy outcomes. As this
was not a randomized trial, the impact of the medications on
pregnancy outcomes is unclear; this study does not suggest that
women with UCTD without rheumatologic management will have
similar outcomes. Women with SLE had higher rates of preg-
nancy complications than women with UCTD, with particularly

high rates of preterm birth and preeclampsia in women with mod-
erate to severely active SLE during pregnancy. An important find-
ing is that our patients with low-activity SLE had similar pregnancy
outcomes to those of UCTD patients, with the exception of an ele-
vated rate of SGA. This study suggests that women with UCTD,
as well as women with well-controlled SLE, can be reassured that
they have a very high likelihood of having a healthy pregnancy
and baby.
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Prevalence and Associated Factors of Electrocardiogram
Abnormalities in Patients With Systemic Lupus
Erythematosus: A Machine Learning Study

Zhuoran Hu,1 Lin Wu,1 Zhiming Lin,1 Xiuhua Liu,2 Changlin Zhao,1 and Zhen Wu1

Objective. Electrocardiogram (EKG) abnormalities are predictive of subsequent cardiovascular events. Cardiac
involvement is common in systemic lupus erythematosus (SLE). We aimed to determine the prevalence of EKG
abnormalities in SLE patients and to examine the factors associated with EKG abnormalities with machine learning
approaches.

Methods. Consecutive SLE patients’ records were retrieved from the database of the hospital for the
cross-sectional study. Abnormal EKGs with clinical significance were grouped by the presence of tachyarrhythmias,
atrioventricular block, nonspecific ST segment changes, T wave abnormalities, ventricular hypertrophy, axis deviation,
bundle branch block, and QT interval prolongation. Associated factors of the most common EKG abnormalities were
assessed by comparing logistic regression and 4 other machine learning approaches.

Results. In the present study, 299 patients were enrolled, with 128 showing clinically significant abnormalities on
EKG. T wave changes (52.3%), nonspecific ST segment–T wave (ST-T) changes (26.6%), and prolonged QT interval
(8.6%) were the most prevalent abnormalities among patients with abnormal findings on EKG. Random forests models
had the best performance in the discovery of associated factors. Age, disease duration, antinuclear antibody titer, dis-
ease activity (as measured by the Systemic Lupus Erythematosus Disease Activity Index 2000) were associated with
nonspecific ST-T changes, prolonged QT interval, and T wave changes. Hypertension, positivity for anti-SSA antibod-
ies, and secondary Sjögren’s syndrome were influential factors for nonspecific ST-T changes, prolonged QT interval,
and T wave changes, specifically.

Conclusion. ST-T and T wave changes were the most common abnormalities seen on EKGs of SLE patients. Our
finding suggests that age, longer disease duration, higher disease activity, hypertension, anti-SSA antibody positivity,
and secondary Sjögren’s syndrome are important and influential factors in these EKG abnormalities.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic autoim-

mune disorder that may involve multiple organs (1). Cardiac

involvement, representing one of the most important clinical

manifestations of SLE, contributes to an increased risk of hospi-

talization, morbidity, and mortality, particularly in patients with

later onset of disease activity (2–4). Atherosclerosis can occur

prematurely in patients with SLE and is independent of traditional

risk factors for cardiovascular disease (5). Therefore, it is essential

for health care workers to identify cardiac involvement in SLE early

on its disease course.
Given that resting electrocardiogram (EKG) is an inexpensive

and noninvasive test independent of the operator and the

patient’s condition, it is performed routinely to detect cardiac

abnormalities with important prognostic implications. Chou et al

found that resting EKG abnormalities, particularly ST segment

and/or T wave abnormalities, left ventricular hypertrophy, left axis

deviation, left bundle branch block (BBB), and right BBB, were

associated with subsequent cardiovascular events (i.e., sudden
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cardiovascular death, nonfatal myocardial infarction) (6). Rates

and risk factors of these significant abnormalities have been stud-

ied in some White SLE cohorts (7–10). In a Chinese cohort (11),

however, relative studies are rare and involve limited EKG abnor-

malities and insufficient potential associated factors (sex, age,

disease duration, and autoantibodies).
Moreover, conventional logistic regression has been the

main method adopted by most previous studies. Although logistic
regression is a fair process, it should be used under certain
assumptions, such as no multicollinearity among variables.
Machine learning is a robust approach that worked without the
above assumption in logistic regression. Therefore, the present
single-center, interdisciplinary study was conducted to explore
the prevalence and potential relative factors of resting EKG abnor-
malities among SLE patients by using both logistic regression and
machine learning methods.

PATIENTS AND METHODS

Patient selection. A cross-sectional study was con-
ducted. Consecutive SLE patients’ records were retrieved from
the database of the Division of Rheumatology of the Third Affili-
ated Hospital of Sun Yat-sen University from August 2018 to
November 2019. Eligible patients were ages ≥18 years, had a
diagnosis of SLE based on the 1997 update of the SLE revised
criteria as defined by the American College of Rheumatology
(ACR) (12), and had available EKG records at the time they were
in-patient during the above-mentioned period. Only one record
would be collected if patients were hospitalized repeatedly.
Patients were excluded from study participation if they had
experienced/were experiencing the following: 1) a cardiovascu-
lar disease (CVD)–related event (myocardial infarction, angina,
congestive heart failure, angioplasty, and pacemaker place-
ment) or severe valvular disease prior to EKG; 2) hepatic and/or
renal failure, overlapping syndrome, and/or abnormal serum
electrolytes; 3) pregnancy at the time of study enrollment;

4) malignant tumors at the time of study enrollment; and 5) thy-
roid disorders, such as Grave’s disease.

Ethical approval and consent to participate. Ethical
approval of the present study was obtained from the Ethics Com-
mittee of the Third Affiliated Hospital of Sun Yat-sen University.
The study was conducted in accordance with the Declaration of
Helsinki. All patients provided informed consent for the collection
and use of clinical and laboratory data. The study registration
number was [2018] 02-283-01.

Study setting and data collection. A standard protocol
(variables are shown in Supplementary Table 1, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24612) containing demographic charac-
teristics, lifestyle information, complications, assessment of dis-
ease activity (as measured by the SLE Disease Activity Index
2000 [SLEDAI-2K] [13]), medication history, and laboratory
tests, along with standard digitally available recorded 12-lead
resting EKG reports, was used to collect data. Computer-
assisted reading of EKGs was rechecked by 2 experienced
cardiologists.

Age was categorized by decades. Patients were grouped
into 3 categories according to body mass index (BMI; kg/m2)
(14): normal, underweight, and overweight or obese. Patients
were considered to have a smoking habit if they were docu-
mented as a current smoker at any point in the 3 months preced-
ing the date of EKG testing.

Secondary Sjögren’s syndrome and lupus nephritis were
diagnosed according to the 2016 ACR/European Alliance of
Associations for Rheumatology criteria classification criteria for
primary Sjögren’s syndrome (15) or biopsy of the patients’ kid-
neys and labial glands, respectively. Urine protein:creatinine
ratio was calculated as urine total protein (mg)/urine creatinine
(gm). When urine protein:creatinine ratio was >100, it was
defined as a urine protein:creatinine ratio elevation. Patients
were considered positive for antiphospholipid antibodies (aPLs)
if they had positive results for 1) total anticardiolipin antibodies
(aCLs) and individual aCLs (aCL IgG/aCL IgM), 2) lupus antico-
agulant (LAC), or 3) individual β2-glycoprotein I (β2-GPI IgG/
β2-GPI IgM) (16).

Data on type 2 diabetes mellitus (diagnosed according to
1999 World Health Organization criteria), dyslipidemia (defined
according to 2016 Chinese guidelines for the management of
dyslipidemia in adults proposed by the National Expert Commit-
tee of guideline revision [17]), hypertension (systolic blood pres-
sure reading of ≥140mm Hg and/or a diastolic blood pressure
reading of ≥90mm Hg, or current administration of an antihyper-
tensive drug), and hyperuricemia (diagnosed as having a serum
uric acid [UA] level of ≥416mmoles/liter for men and postmeno-
pausal women or serum UA level of ≥357mmoles/liter for pre-
menopausal women) were extracted. Other candidate variables

SIGNIFICANCE & INNOVATIONS
• Patients with systemic lupus erythematosus (SLE) are

vulnerable to cardiovascular diseases. Electrocardio-
gram (EKG) is a feasible method to detect cardiac
involvement. Previous studies have reported an asso-
ciation between EKG abnormalities and subsequent
cardiovascular events.

• To our knowledge, the present study is the first to
investigate the prevalence of EKG abnormalities in
SLE patients and the associated factors with
machine learning approaches.

• If further studies support the findings of the present
study, it might be possible to identify those at
higher risk of developing EKG abnormalities earlier
and to take appropriate action to prevent it.
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are also shown in Supplementary Table 1, available on the Arthri-

tis Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24612.

Study design. EKGs were categorized into the normal
group and the abnormal group. Abnormal EKGs were further
grouped into “without clinical significance” and “with clinical sig-
nificance” categories, with the “without clinical signifiance” group
comprising EKGs that showed sinus tachycardia (heart rate of
≥100 beats per minute on EKG), first degree atrioventricular
(AV) block (PR interval of ≥200 milliseconds on EKG), and sinus
bradycardia (heart rate of ≤60 beats per minute on EKG). The
“with clinical signifiance” group comprising EKGs with any of the
following abnormalities: 1) tachyarrhythmias, including atrial fibril-
lation, atrial flutter, atrial tachycardia, and premature ventricular
extrasystole; 2) second-to-third-degree AV block; 3) nonspecific
ST segment and/or T wave abnormalities; 4) left ventricular hyper-
trophy; 5) left axis deviation; 6) left BBB; and 7) right BBB; and 8)
QT interval prolongation. QT interval prolongation was defined as
a corrected QT interval of ≥450 milliseconds (18). When more
than one abnormality was observed in the same patient, each
one was recorded separately.

Sample size. A systematic sampling design was used to
select the study participants. Sample sizes were estimated using
PASS 15 software (https://www.ncss.com), with the statistical
power (1-β) set at 0.90, type I error (α) set at 0.05, assuming that
the prevalence of EKG abnormalities was 30% (19) among SLE
patients. The software calculated that a total sample size of at
least 283 would suffice. Finally, we recruited 299 patients for the
present study.

Missing data. There were respectively 9.8% and 9.6%
missing data in “urine protein:creatinine ratio” and “antiphospho-
lipid antibodies.” Proportions of missing values were less than 5%
across all other variables. Multiple imputations were implemented
using the multivariate imputation by chained equations algorithm
in R package “mice” (20) to account for missing data to minimize
bias and precision reduction.

Statistical analysis. Statistical data were presented as the
mean ± SE for continuous variables with normal distribution,
median (interquartile range [IQR]) for those without normal distribu-
tion, and percentage for categorical variables. A 2-tailed P value of
<0.05 was considered to indicate statistical significance.

Machine learning was performed, and methods included
random forests algorithms (21), support vector machine (SVM)
(22), least absolute shrinkage and selection operator (23), and
multivariate adaptive regression spline (24). To assess the perfor-
mance of each modeling approach, we randomly split the sample
of SLE participants into training set and validation set at a ratio of
7:3 c-normality and abnormalities by synthetic minority oversam-
pling technique, in order to reduce the negative effect of the class
imbalance in the constructed models (25). Four commonly used
machine learning methods and conventional logistic regression
with a forward stepwise selection of variables were used to train
models for assessing the influential factors of the 3 most common
clinically significant EKG abnormalities (nonspecific ST segment–
T wave [ST-T] changes, prolonged QT interval, and T wave
changes). R software (version 3.6.1; R Core Team) was used to
conduct statistical analysis, with the RandomForest package
(26) for random forests models, glmnet package (27) for least
absolute shrinkage and selection operator models, e1071

Figure 1. Flow diagram of the study. AUC = area under curve; ECG = electrocardiogram; LASSO = least absolute shrinkage and selection oper-
ator; LR = logistic regression; MARS = multivariate adaptive regression splines; RF = random forests; SLE = systemic lupus erythematosus;
SMOTE = synthetic minority over-sampling technique; SVM = support vector machines. Color figure can be viewed in the online issue, which is
available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24612/abstract.
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package (28) for SVM models, and earth package (29) for multi-
variate adaptive regression spline; base generalized linear model
function was used for logistic regression.

Evaluation and comparison of the prediction accuracy and
receiver operating characteristic (ROC) area under the curve
(AUC) of different models were performed. Precision, accuracy,
recall rate, and F1 score were used to evaluate model perfor-
mance. All candidate variables were input simultaneously into
4 machine learning approaches for the model. The flow diagrom
of the study is shown in Figure 1, and Supplementary Methods
are available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24612.

RESULTS

Patient characteristics. A total of 299 SLE patients par-
ticipated in this study, and patient characteristics are shown in
Table 1. Female patients dominated this study (89.9%), and
35.8% of participants were age ≤30 years (mean ± SD age
37.6 ± 15.3 years). More than half (53.6%) of patients had no or
mild disease activity.

Prevalence of EKG abnormalities. Among all abnormal-
ities observed on EKG, 128 (42.8%) of 299 SLE patients were
found to have clinically significant abnormalities. Abnormalities
without clinical significance, including sinus bradycardia (n = 10),
sinus tachycardia (n = 22), and sinus irregularity (n = 9), were
excluded from further analysis.

As shown in Figure 2, among all EKG abnormalities, abnor-
mal ventricular repolarization, observed in 118 (39.5%) of
299 study participants, was the most common finding, followed
by arrhythmia 15 (5%) and conduction abnormalities 8 (2.7%). In
patients with abnormal EKG diagnosis (n = 128), T wave changes
occurred in 67 (52.3%) of 128 patients, followed by nonspecific
ST-T changes, which was found in 34 (26.6%) of 128 patients.

Table 1. Demographic and clinical characteristics of the study
patients*

Characteristics Value

Female sex 269 (89.9)
Age, mean ± SD years 37.6 ± 15.3
Age groups, years
≤30 107 (35.8)
31–40 69 (23.1)
41–50 54 (18.1)
>50 69 (23.1)

BMI, mean ± SD kg/m2 21.6 ± 3.3
BMI groups
Normal 201 (67.2)
Underweight 42 (14.0)
Overweight or obese 56 (18.7)

Disease duration, median (IQR) 2.0 (0.6, 5.0)
Disease duration
<3 months 24 (8.0)
3–6 months 36 (12.0)
6 months to 1 year 75 (25.1)
1–3 years 65 (21.7)
>3 years 99 (33.1)

SLEDAI-2K, median (IQR) 8.0 (4.0, 14.0)
Disease severity
No activity (0–4) 91 (30.4)
Mild activity (5–9) 69 (23.1)
Moderate activity (10–14) 70 (23.4)
Persistent activity and flare (≥15) 69 (23.1)

Lupus nephritis 32 (10.4)
Hypoproteinemia 76 (25.4)
Secondary Sjögren’s syndrome 41 (13.7)
Photosensitization 16 (5.4)
Raynaud’s phenomenon 28 (9.4)
Anemia, Coomb’s test (negative) 113 (37.8)
CRP, median (IQR) 2.9 (0.9, 12.8)
ESR, median (IQR) 36.0 (16.0, 68.5)
Elevated markers of inflammation
CRP 101 (33. 8)
ESR 191 (63.9)

ANA titer
1:80 10 (3.3)
1:100 67 (22.4)
1:320 66 (22.1)
1:640 11 (3.7)
1:1,000 48 (16.1)
1:1,280 29 (9.7)
1:3,200 68 (22.7)

Urine protein:creatinine ratio elevation 80 (26.8)
Antibody positivity
Anti-dsDNA 117 (39.1)
Anti-Sm 81 (27.1)
Anti-SSA/Ro 132 (44.1)
Anti-SSB/La 39 (13.0)
Anti-U1RNP 123 (41.1)
Anti-C1q 178 (59.5)
Anti-nucleosome 41 (13.7)
Anti-histone 90 (30.1)
ANCA 52 (17.4)
Antiphospholipid antibodies 17 (5.7)
Coomb’s test 11 (3.7)

Long-term medications†
Glucocorticoids 97 (32.4)
Hydroxychloroquine 112 (37.5)
Cyclophosphamide 16 (5.4)

(Continued)

Table 1. (Cont’d)

Characteristics Value

Cyclosporine 10 (3.3)
Mycophenolate mofetil 38 (12.7)

Smoking, yes 17 (5.7)
Drinking, yes 10 (3.3)
Comorbidity
Hypertension 42 (14.0)
Hyperuricemia 99 (33.1)
Dyslipidemia 109 (40.5)
Type 2 diabetes mellitus 12 (4.0)

* Unless indicated otherwise, values shown are the number (%) of
study patients. ANA = antinuclear antibody; ANCA = antineutrophil
cytoplasmic antibody; anti-dsDNA = anti–double-stranded DNA;
BMI = body mass index; CRP = C-reactive protein; ESR = erythrocyte
sedimentation rate; IQR = interquartile range; SLEDAI-2K = Systemic
Lupus Erythematosus Disease Activity Index 2000.
† Long-termmedication use was defined as a patient receiving medi-
cation for at least 3months before undergoing an electrocardiogram.
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A prolonged QT interval was present in 11 (8.6%) of 128 patients.
U wave elevation and pathologic Q wave were found in 4 (3.1%)
and 2 (1.6%) of 128 patients, respectively. Frequent premature
ventricular contractions (PVC) accounted for half of the patients
with arrhythmia (7 of 15). Moreover, atrial fibrillation and frequent
atrial premature beats were both found in 2 patients, and atrial
flutter and occasional atrial premature beats only occurred in
1 patient. In patients with conduction abnormalities, shortened
PR intervals, right BBB, second-degree AV block were found in
4 (3.1%), 3 (2.4%), and 1 (0.08%) of 128 patients, respectively.

The detection rate of axis deviation and rotation, including left
axis deviation (n = 6), was the most detected among study
patients, and was doubled for right axis deviation (n = 3) and tri-
pled for both clockwise and counterclockwise rotation (n = 2).
Only 1 patient had complications with preexcitation syndrome.
Globally, 8 of all patients had more than 1 major clinically signifi-
cant abnormality (i.e., prolonged QT intervals, nonspecific ST-T
changes, and T wave changes).

Models’ performance. Considering prevalence and clini-
cal significance, we chose the 3 most common clinically signifi-
cant EKG abnormalities, including nonspecific ST-T changes,
prolonged QT intervals, and T wave changes, as outcomes to
develop predictive models.

The models constructed by the 4 machine learning algo-
rithms and logistic regression in the validating group were com-
pared. Least absolute shrinkage and selection operator had the
highest AUCs in the prediction of nonspecific ST-T changes
(0.89) and prolonged QT intervals (0.97), respectively, and ran-
dom forests modeling had the highest AUC in the prediction of T
wave changes (0.93). ROC AUC analysis of the validating set
and training set is shown in Supplementary Figures 1 and 2, avail-
able on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24612.

As shown in Supplementary Table 2 (http://onlinelibrary.
wiley.com/doi/10.1002/acr.24612), the Brier scores of random
forests models for 3 abnormalities were the lowest (0.14, 0.05,
and 0.07, respectively). Moreover, recall rate, precision, accuracy,
and F1-measure were also ranked the highest in random forests
modeling of all abnormalities, except for the recall rate of nonspe-
cific ST-T changes, which random forests modeling was close to
the highest. Therefore, we chose random forests as the final pre-
dictive model.

Associated factors for EKG abnormalities. As shown
in Figure 3, age, disease duration, disease severity, and ANA
titer were consistently the 5 most influential factors affecting
nonspecific ST-T changes, prolonged QT intervals, or T wave

Figure 2. Resting electrocardiogram (EKG) abnormalities with clinical significance among inpatients with systemic lupus erythematosus (SLE).
Inner ring is the proportion in each group of all in-patients with SLE (n = 299), and outer ring is the proportion in each subgroup of the abnormal
findings on EKG (n = 128). AF = atrial fibrillation; AFL = atrial flutter; APB = atrial premature beats; AVB = atrioventricular block; LAD = left axis devi-
ation; PS = preexcitation syndrome; PVC = premature ventricular contractions; QTc = QT interval; RAD = right axis deviation; RBBB = right bundle
branch block; ST-T = nonspecific ST segment–T wave.
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changes—though their ranks differed among these abnormalities.
Noticeably, hypertension was the most important associated fac-
tor for nonspecific ST-T changes; anti-SSA antibody positivity
was also found to be related to the presence of a prolonged QT
interval. Secondary Sjögren’s syndrome was demonstrated to
be relative to T wave changes. The 15 most important variables
selected by random forests models were shown in Supplemen-
tary Figure 3, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24612.

DISCUSSION

Among the SLE cohort, the most common EKG abnormali-
ties observed in SLE patients were abnormal ventricular repolari-
zation (39.5%), which mostly consisted of T wave changes,
nonspecific ST-T changes, and prolonged QT interval. No
published study has revealed the prevalence of T wave changes
individually. Only the prevalence of ST segment changes and/or
T wave changes in all SLE patients have been reported previously
(9), and this number was lower than that shown in the present
study (15.0% versus 22.4%).

However, nonspecific ST-T changes in the present cohort
(11.3%) were lower than those in other reported studies (30.9%

to 44%) (10). Several factors can explain this difference. In the
present study, the study population had a much shorter disease
duration and higher disease activity levels (as measured by the
SLEDAI-2K) than previous study cohorts, even without significant
age differences between participants in the present study and
those from previous study cohorts.

In the standard surface EKG, nonspecific ST-T changes
are common findings even in patients without SLE. Previous
studies have indicated that nonspecific ST-T abnormalities are
significantly associated with cardiovascular morbidity and mor-
tality (30–32). However, many studies did not separate T wave
changes from nonspecific ST-T changes. In the present study,
we found that T wave changes were more prevalent than non-
specific ST-T changes. Moreover, T wave abnormalities
included amplitude and angle changes and were reported to
serve as early markers of repolarization abnormalities in a
hypertensive population (33). Although the clinical impact of
nonspecific ST-T changes in patients who have SLE without
CVD is unclear (10), it is enticing to speculate that these
changes represent subclinical CVD.

QT interval prolongation is also an independent cardiovascu-
lar risk factor (34,35) and is mainly related to cardiac arrest. The
proportion of SLE patients with complicated QT interval

Figure 3. Top 5 important variables selected by random forests (RF) models. A, Nonspecific ST segment–T wave (ST-T) changes. B, Prolonged
QT interval. C, T wave changes. ANA = antinuclear antibody; sSS: secondary Sjögren’s syndrome. Color figure can be viewed in the online issue,
which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24612/abstract.

MACHINE LEARNING AND EKG ABNORMALITIES IN SLE 1645

https://doi.org/10.1002/acr.24612
http://onlinelibrary.wiley.com/doi/10.1002/acr.24612/abstract


prolongation in the present cohort was lower than that of the
study carried out by Bourré-Tessier et al (3.7% versus 7.3%,
respectively) (36). It should be noted that in the cohort studied
by Bourré-Tessier et al, 38% of patients had positivity for anti-
Ro/SSA antibodies. In the present study, anti-SSA antibody pos-
itivity was also found to be an influential factor for prolonged
QT interval, similar to the survey performed by Bourré-Tessier
and colleagues (36). Lazzerini et al (37) revealed an association
between prolonged QT interval and anti-SSA/Ro antibodies. Their
follow-up work showed that in patients with connective tissue
diseases, QT interval prolongation is correlated with only 1 of
the subtypes of anti-SSA/Ro antibodies (52-kD), which represent
a clinically silent novel risk factor for torsades de pointes
arrhythmia development via an autoimmune-mediated electro-
physiologic interference with the human ERG potassium channel
(38). Notably, characterized by anti-SSA/Ro and/or anti-SSB/La
positivity, Sjögren’s syndrome has also been found to be an
important factor impacting T wave abnormalities. Thus, anti-SSA
antibody positivity is assumed to impair cardiac ventricular
repolarization.

The prevalence of other manifestations, such as atrial fibrilla-
tion, was lower in the present study than that of the study per-
formed by Myung et al (2 of 299 versus 7 of 235, respectively)
(7). This is probably due to the fact that the study population of
the present work is younger than the cohort in Myung and col-
leagues’ study (mean ± SD 38 ± 15 years versus 52 ± 15 years,
respectively). Furthermore, the presence of hypertension and thy-
roid diseases, which are well-documented irritant causes of atrial
fibrillation (39,40), was not assessed in the study by Myung et al.
We excluded those with thyroid diseases in the present study
population and included hypertension and diabetes mellitus as
potential influential factors. Additionally, the results of the present
work demonstrated that hypertension was strongly associated
with nonspecific ST-T changes, which was consistent with a pre-
vious study (9).

Age, disease duration, ANA titer, and disease activity
(SLEDAI-2K) were consistently important factors for 3 major
EKG abnormalities in the study cohort. As disease duration is
related to age, this factor has been reported to increase the risk
of nonspecific ST-T changes by 5.8% in the general population,
with an odds ratio [OR] of 1.058 (95% confidence interval [95%
CI] 1.052–1.064) previously reported in a large-scale Chinese
population study by Xiao et al (41). Another Chinese population–
based study indicated that increasing age (after 35 years old) is a
strong risk factor for QT interval prolongation (OR 1.228 [95% CI
1.168–1.290]) (42).

ANA titer was correlated with SLEDAI-2K score in the pres-
ent cohort (rs = 0.204, P < 0.001). Thus, ANA titer and level of dis-
ease activity could be important factors given the potential role of
inflammatory activity in affecting cardiac rhythm and conduction.
A systemic inflammatory response would probably evoke non-
specific ST-T changes seen, for instance, in pancreatitis (43). It

has also been indicated that QT dispersion, a parameter of inter-
lead variability in the QT interval, was significantly higher in SLE
patients with high disease activity than in patients with mild-to-
moderate disease activity (44).

Overall, machine learning analysis can be used when multi-
collinearity was found among variables. Therefore, random for-
ests analysis could be used to explore and rank the relative
importance of interactive variables with accuracy and efficiency.
For instance, a consideration in future analyses could be the fact
that disease duration may depend on the age of participating sub-
jects. Another strength of the present study is the comparison
between several machine learning approaches since each
approach has its own unique strengths and weaknesses. As a
more affordable cardiovascular examination, EKGmay be recom-
mended for all SLE patients in their first clinical visit as well as dur-
ing follow-up visits because a multisystemic and chronic disease
such as SLE needs interdisciplinary cooperation to assess the
condition holistically and longitudinally. Assisted by the machine
learning method, some objective information might be gained
before inviting a cardiologist’s consultations and further, expen-
sive or intrusive examinations.

There were several limitations to the present study that can
impact its generalizability to other populations as well as the inter-
pretation of its clinical significance. First, the sample size was
insufficient. Second, we only used resting 12-lead EKGs rather
than 24-hour EKG monitoring (Holter), which can measure diurnal
variations of EKG intervals, and this may have caused a higher
“false-negative rate”when we diagnosed EKGs. Third, we cannot
exclude the possibility of patient selection bias because only a sin-
gle tertiary referral center participated in this study. Therefore, the
prevalence of EKG abnormalities in the present study cannot rep-
resent the real rate of EKG abnormalities in China. Moreover,
although EKG is an affordable, stable, and quick test that causes
no harm to the recipient, the information offered by EKG testing is
limited. Other cardiac imaging examinations such as echocardio-
gram, cardiac magnetic resonance imaging, or radionuclide per-
fusion could provide more details about cardiac lesions. Further
longitudinal, prospective studies assessing the role of potential
risk factors will help clarify the mechanism of EKG abnormalities
among SLE patients.

The present data reveals that ST-T changes/T wave changes
were the most common abnormalities seen in EKGs carried out in
SLE patients. In addition, QT prolongation was also present. Our
findings suggest that age, longer disease duration, higher disease
activity, hypertension, anti-SSA antibody positivity, and second-
ary Sjögren’s syndrome were important and influential factors for
these EKG abnormalities. Efforts to monitor the EKGs of these
key populations need to be instituted.
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Identifying Potential Classification Criteria for Calcium
Pyrophosphate Deposition Disease: Item Generation
and Item Reduction

Sara K. Tedeschi,1 Tristan Pascart,2 Augustin Latourte,3 Cattleya Godsave,4 Burak Kundakci,4
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Objective. Classification criteria for calcium pyrophosphate deposition (CPPD) disease will facilitate clinical
research on this common crystalline arthritis. Our objective was to report on the first 2 phases of a 4-phase process
for developing CPPD classification criteria.

Methods. CPPDclassification criteria development is overseenby a 12-member steering committee. Itemgeneration (phase I)
included a scoping literature review of 5 literature databases and contributions from a 35-member combined expert committee
and 2 patient research partners. Item reduction and refinement (phase II) involved a combined expert committee meeting, discus-
sions among clinical, imaging, and laboratory advisory groups, and an item-rating exercise to assess the influence of individual
items toward classification. The steering committee reviewed the modal rating score for each item (range –3 [strongly pushes
away from CPPD] to +3 [strongly pushes toward CPPD]) to determine items to retain for future phases of criteria development.

Results. Item generation yielded 420 items (312 from the literature, 108 from experts/patients). The advisory groups
eliminated items that they agreed were unlikely to distinguish between CPPD and other forms of arthritis, yielding
127 items for the item-rating exercise. Fifty-six items, most of which had a modal rating of +/– 2 or 3, were retained for
future phases. As numerous imaging items were rated +3, the steering committee recommended focusing on imaging
of the knee and wrist and 1 additional affected joint for calcification suggestive of CPP crystal deposition.

Conclusion. A data- and expert-driven process is underway to develop CPPD classification criteria. Candidate
items comprise clinical, imaging, and laboratory features.

INTRODUCTION

Calcium pyrophosphate deposition (CPPD) disease repre-

sents a symptomatic crystalline arthritis that affects an estimated

8–10 million adults in the US (1,2). Chondrocalcinosis, a radio-

graphic finding that has been used to estimate CPPD prevalence,

is present in approximately 10% of adults in Italy and the US

age ≥65 years; CPPD accounts for a similar number of
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hospitalizations in France as does gout (3–5). CPPD was first

recognized in the 1960s, yet clinical research on this disease has

lagged far behind other common arthritides. This crystalline arthri-

tis presents with a host of manifestations, including acute CPP

crystal inflammatory arthritis, chronic CPP crystal inflammatory

arthritis, and osteoarthritis with CPPD, and a patient may have

>1 manifestation over time or simultaneously (6). Targeted treat-

ments for CPP crystal deposition do not currently exist, and many

patients with CPPD experience inadequately treated joint pain,

swelling, and stiffness (7). Advances in CPP-related arthritis,

including treatment trials, have been hampered by lack of

validated classification criteria, a framework that has facilitated

clinical research and trials in other rheumatic diseases (8–11).
The case definition of CPPD in research studies has varied,

which poses a major setback to advancing knowledge about
CPPD and to developing therapeutics. Diagnostic criteria for
CPPD proposed in the 1970s require evidence of chondrocalci-
nosis on plain radiographs and CPP crystals on synovial fluid
crystal analysis but have not been validated for use in clinical
research and have several shortcomings (12,13). Plain radiogra-
phy and synovial fluid crystal analysis each have limitations in their
ability to detect CPP crystals, including low-to-moderate sensitiv-
ity of plain radiography, underutilization of arthrocentesis,

interobserver differences in identifying CPP crystals via polarized
light microscopy, and certain qualities of CPP crystals that pose
challenges to identifying them via compensated polarized light
microscopy (14–16). Sensitivity of synovial fluid CPP crystal iden-
tification has been variable in the literature, raising concerns that
relying on this test to define CPPD for research could exclude a
large percentage of subjects (17–19).

Classification criteria for a disease allow investigators to iden-
tify relatively homogenous populations with that disease for inclu-
sion in clinical research (20,21). The European Alliance of
Associations for Rheumatology (EULAR) generated working ter-
minology and diagnostic recommendations in 2011, but formal
classification criteria for CPPD do not exist (2). The American Col-
lege of Rheumatology (ACR) and EULAR are jointly sponsoring
multiphase development of CPPD classification criteria. The cri-
teria system will aim to achieve high sensitivity while maximizing
specificity for CPPD, ensuring that future study populations
achieve a degree of homogeneity and represent a consensus def-
inition of CPPD for research, reflecting the most common mani-
festations of CPPD. Classification criteria for CPPD will need to
encompass the spectrum of symptomatic manifestations of this
arthritis, though future investigators may choose to limit their
study population to patients with particular types of CPPD
manifestations.

The CPPD Classification Criteria Working Group is using
established methodology that includes data-driven and expert-
driven methods previously employed for developing classification
criteria for gout, rheumatoid arthritis, systemic lupus erythematosus,
systemic sclerosis, and other rheumatic diseases (8–11,22,23). This
report describes the findings of phases I and II, item generation and
item reduction, for the CPPD classification criteria project.

MATERIALS AND METHODS

CPPD classification criteria are being developed through a
4-phase process. The process began by generating a
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SIGNIFICANCE & INNOVATIONS
• The calcium pyrophosphate deposition disease

(CPPD) Classification Criteria Working Group is
using established methodology that includes data-
driven and expert-driven methods to develop vali-
dated CPPD classification criteria.

• This report describes the findings of phases I and II,
item generation and item reduction, for the CPPD
classification criteria project.

• The 56 candidate items retained in phase II are
broadly categorized as clinical, imaging, and labora-
tory features of CPPD.
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comprehensive list of all possible items to be considered for clas-
sification of the disease (phase I: item generation), followed by
reducing that list to a parsimonious number providing a compre-
hensive yet manageable set for collecting data from de-identified
patient cases that form a derivation set (phase II: item reduction),
reported herein. In phase III, the items will be structured into an
evaluable framework, and the relative importance of items will be
compared and item weights assigned through a multicriterion
decision analysis exercise. A threshold score will then be deter-
mined for classifying a patient as having CPPD. The classification
criteria will be validated in phase IV using an independent valida-
tion set of de-identified patient cases, and test performance char-
acteristics will be determined (Figure 1). Study oversight and
management in phases I and II were overseen by 4 co-PIs (WJT,
RT, HC, and AA) and 8 other members of the steering committee
with expertise in CPPD research and/or classification criteria
methodology (SKT, TP, AL, RPN, ND, TN, FPR, and AR).

Item generation. The purpose of item generation was to
supply a comprehensive list of items to be considered as classifi-
cation criteria. This list should represent typical manifestations of
CPPD and include items across a variety of categories, including
imaging, clinical, and laboratory features.

Scoping literature review to begin item generation.
A scoping literature review was conducted within Web of Science,
Embase, MEDLINE, CINAHL, and AMED databases through May
31, 2019 (for the protocol, see Supplementary Appendix A, avail-
able on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24619). The search
identified randomized controlled trials, cohort studies, cross-
sectional studies, and case–control studies of adults with CPPD
without language restriction. Studies with <20 participants were
excluded to increase generalizability of features extracted from
the literature. Terms included in the search included CPPD,
CPDD, chondrocalcinosis, pseudogout, pyrophosphate, and cal-
cium pyrophosphate. Literature search and data management

were performed by an experienced systematic reviewer (BK).
Four investigators divided the identified studies, screened titles
and abstracts for eligibility, and performed full-text review on eligi-
ble studies (SKT, TP, AL, and CG). A second investigator from
among those 4 independently examined 10% of titles, abstracts,
and eligible studies to assess for agreement with the primary
reviewer. Data extracted from full-text review included all features
that were positively or negatively associated with CPPD. The list of
identified features included demographic characteristics; signs
and symptoms; imaging findings on plain radiograph, ultrasound,
computed tomography (CT), and magnetic resonance imaging
(MRI); and laboratory findings in synovial fluid and peripheral
blood. Risk factors for CPPD were also included in the list.

Expert and patient input for item generation. The
steering committee invited 23 additional CPPD experts to form
a 35-member combined expert committee comprising 32 rheu-
matologists, 2 classification criteria methodologists, and
1 musculoskeletal radiologist with expertise in CPPD (see
Supplementary Appendix B, available on the Arthritis Care
& Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24619). The combined expert committee mem-
bers were asked to review the list of items generated from the
literature and suggest additional items, including those that
may not have been reported in the literature but that influence
clinical judgment. Two patient research partners also reviewed
the list of items from the literature and proposed additional
items. The literature review list, expert suggestions, and patient
suggestions were combined into 1 list with duplicates
removed, yielding a list of unique potential items to consider in
developing the classification criteria.

Item reduction. The item-reduction phase was guided by
questions of specificity and generalizability. During each of
3 steps (Figure 1), experts were asked to consider the discrimi-
nating ability of items, i.e., whether they help distinguish CPPD
from non-CPPD, a key feature of classification criteria. Experts

Phase I:
Item genera�on

Phase II:
Item reduc�on 
& refinement

Phase III: Item 
weigh�ng & 

threshold score 
determina�on

Phase IV: 
Valida�on

CPPD 
Classifica�on 

Criteria

Combined Expert Commi�ee 
mee�ng to discuss “difficult” 

items

Advisory Group 
discussions to reduce 

items & refine 
defini�ons

Item ra�ng exercise 
by individual 

Combined Expert 
Commi�ee members

Scoping 
literature 

review

Pa�ent co-inves�gators 
& Combined Expert 

Commi�ee sugges�ons

Figure 1. Overview of classification criteria development process, with a focus on subprocesses in phases I and II. CPPD = calcium pyrophos-
phate deposition disease.
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were also asked to consider whether items might be highly spe-
cific for CPPD, but too rare to be implemented across a wide
range of medical centers internationally.

The first step of this phase involved a 4-hour in-person meet-
ing of the combined expert committee immediately prior to the
American College of Rheumatology meeting in Atlanta in
November 2019. Experts were presented with the list of items
categorized according to clinical, imaging, and laboratory features
and risk factors. The group held an open discussion as to whether
each item could plausibly discriminate between CPPD and non-
CPPD based on expert opinion. Consensus to eliminate an item
was considered achieved if there were no objections to the pro-
posed elimination.

The second step was led by 3 advisory groups working
remotely from December 2019 to January 2020. Clinical, labora-
tory, and imaging advisory groups each included 6–10 members
from the combined expert committee and were co-led by
an expert in the topic and a junior faculty facilitator (see Supple-
mentary Appendix B, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24619).
Each advisory group held 1–2 teleconferences to further reduce
items following the same consensus-based discussion process
that was used during the prior combined expert committee meet-
ing. Advisory groups also refined item definitions to increase their
precision. The goal was to consolidate the number of candidate
items to approximately 150 to make the subsequent item-rating
exercise more feasible. Each group was encouraged to retain all
items that, based on expert opinion, might distinguish between
CPPD and non-CPPD.

The third step involved an item-rating exercise in January
2020. Combined expert committee members were invited to use
an online web-survey platform (www.surveymonkey.com) to rate
each potential classification criterion on a 7-point scale, indicating
how much the presence of that item would push them toward or
against classifying a patient as having CPPD. Each item was rated
from –3 to +3, with –3 signifying that it pushed the expert strongly
away from classifying the patient as having CPPD, 0 indicating
that did not influence them in classifying a patient as having
CPPD, and +3 meaning it pushed them strongly toward classify-
ing the patient as having CPPD. Experts were asked to select
“not applicable” if they were unsure how to respond and were
able to add comments as free text. The steering committee
reviewed the distribution of ratings for each item and retained
items with modal ratings of –3, –2, +2, or +3, as these scores indi-
cated a general consensus that the item is an important discrimi-
nator for or against CPPD. Items with a modal rating of –1,
0, or +1 were discussed in a steering committee teleconference
before removal from the list of candidate items; those items that
were considered to be potentially important discriminators were
retained. Items retained at the end of phase II (item reduction) will
be included in subsequent phases of the classification criteria
development.

RESULTS

Results of item generation. The scoping literature review
yielded 67 manuscripts eligible for full-text review (Figure 2), from
which 312 unique items were identified after removing duplicates
and merging very similar items together. Twenty-five experts and
2 patients suggested 108 additional items, yielding a total of
420 candidate items. These 420 items were grouped into 3 broad
categories: clinical (n = 264, 62.9%), imaging (n = 90, 21.4%), and
laboratory (n = 66, 15.7%) The full list of candidate items is shown
in Supplementary Table 1, available on the Arthritis Care &

Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24619.

Item reduction at in-personmeeting. Twenty-six com-
bined expert committee members attended the in-person meet-
ing, during which 132 items were removed by consensus
decision (see Supplementary Table 1, available on the Arthritis

Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24619). The group first discussed whether to
exclude patients with other types of arthritis such as seropositive
rheumatoid arthritis or sacroiliitis from being classified as having
CPPD. The group decided that because CPPD can coexist with
these conditions, other forms of arthritis should not be exclusion
criteria for classification. Combinations of osteoarthritis in 1 joint
plus chondrocalcinosis at another joint were removed from further
consideration, as the group felt that complexity of these permuta-
tions would be impractical to operationalize as classification cri-
teria. Other osteoarthritis items were retained for future
discussion and refinement.

Age as a possible criterion was discussed at length. Some
experts noted that age is to CPPD what serum urate is to gout,
meaning that it is critical for disease pathogenesis. The group did
not reach consensus on this issue and decided to retain age at this
step and reconsider it later. A number of features of acute CPP
crystal arthritis were eliminated since they were not felt to distin-
guish between CPPD and other forms of inflammatory arthritis,
e.g., fever, response to colchicine, and knee pain. Other clinical
items were eliminated as they were complex constructs of items
that had been included individually (e.g., pseudo-OA with synovitis)
or were characteristic of many types of arthritis (e.g., disability with
ambulation). Comorbidities not thought to be pathogenically related
to CPPD were eliminated, such as diabetes mellitus, end-stage
renal disease, and hypertension. The group discussed whether
certain medications might be pathogenic factors, and these were
retained, including bisphosphonates and diuretics.

The macroscopic appearance of synovial fluid and white
blood cell count were considered nonspecific for CPPD and all
such features were eliminated. The absence of CPP crystals was
discussed in depth. In the ACR/EULAR 2015 gout classification
criteria, the absence of monosodium urate crystals from an aspi-
rated joint carried negative weight (8). The group felt that the
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absence of CPP crystals in synovial fluid may have a different
impact on CPPD classification, given that CPP crystals can be dif-
ficult to identify via compensated polarized light microscopy, and
there may be a high false negative rate. Experts favored creating
a new item capturing repeatedly negative synovial fluid crystal
analysis, distinct from an item characterized by a single negative
synovial fluid crystal analysis. Monosodium urate crystals were
retained as a potential criterion for 2 reasons: gout and CPPD
can co-occur, CPP crystals can be found in gouty tophi, and
there is a possibility that monosodium urate crystals could carry

negative weight toward classifying a patient as having
CPPD (24,25).

Many of the peripheral blood tests identified in the literature
search were recognized to be nonspecific for CPPD (e.g., high
white blood cell count, high erythrocyte sedimentation rate),
and these were eliminated. Autoimmune serologic results were
eliminated with the exception of rheumatoid factor and anti–
citrullinated protein antibody (ACPA), as these may warrant con-
sideration in future phases, for example, in potentially being
assigned a negative weight toward CPPD classification. Genetic

Figure 2. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram (2009) for scoping literature review for
calcium pyrophosphate deposition disease (CPPD).
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Table 1. CPPD combined expert committee rating of influence on the likelihood of CPPD (–3 to +3) for candidate clinical and laboratory items*

Candidate criteria
Modal rating
score ± SD

Age at symptom onset, years
≥91 3 ± 0.81
81–90 3 ± 0.84
71–80 2 ± 0.82
61–70 1 ± 0.82
51–60 0 ± 1.03
<50 –2 ± 1.11

Acute inflammatory arthritis
Crowned dens syndrome 3 ± 0.84
Knee 2 ± 0.90
Wrist 2 ± 0.77
Diffuse inflammatory hand swelling involving periarticular structures 1 ± 1.24
Ankle 0 ± 1.21
Spine 0 ± 1.50
Mid-foot –1 ± 1.06
1st MTP joint –2 ± 1.21

Recurrence and pattern of joint involvement
One self-limiting episode of acute inflammatory arthritis (resolved without treatment) 2 ± 0.83
Recurrent attacks of acute inflammatory arthritis in a characteristic joint (e.g., wrist, knee) 2 ± 0.77
Additive attacks of inflammatory polyarthritis (i.e., the episode starts in 1 joint, then another joint becomes involved,
then another, etc.)

1 ± 1.32

Asymmetric attacks of inflammatory polyarthritis 1 ± 1.12
Inflammatory oligoarthritis with asymmetric joint involvement 1 ± 0.98
Persistent inflammatory polyarthritis with intermittent flares 1 ± 1.12
Recurrent attacks of acute inflammatory arthritis in joints other than those that are typically involved by CPPD 0 ± 1.21
Persistent inflammatory polyarthritis without flares –2 ± 1.32

Onset and treatment response
Rapid onset acute inflammatory arthritis (time to maximal pain <24 hours)† 1 ± 1.01
Acute inflammatory arthritis that developed in the context of acute illness, surgery, or joint trauma 1 ± 0.97
Inflammatory monoarthritis with good response to colchicine 1 ± 1.23
Inflammatory oligoarthritis with good response to colchicine 1 ± 1.14
Inflammatory polyarthritis with good response to colchicine 1 ± 1.15
Acute inflammatory arthritis that developed in the context of recent bisphosphonate use 1 ± 1.06

Physical findings
Erythema of the involved joints during acute inflammatory arthritis 1 ± 0.70
Hemarthrosis without other explanation (e.g., without joint injury, anticoagulation, or pigmented villonodular
synovitis)

1 ± 1.23

Palpable subcutaneous tophus –3 ± 1.00
Psoriasis –2 ± 1.16

Comorbidities and family history
History of familial CPPD 3 ± 0.81
Gitelman disease
Hereditary hemochromatosis 3 ± 0.87
Wilson disease 2 ± 1.24
Ochronosis 2 ± 1.33
History of meniscectomy or arthroscopy 0 ± 1.26
Acromegaly 0 ± 1.10
Short bowel disease 0 ± 1.76

Osteoarthritis location and features
Wrist 2 ± 0.90
Second and third MCP joints 2 ± 1.08
Second or third MCP joints‡ 1 ± 0.84
Scaphotrapezium joint† 1 ± 0.69
Scaphotrapezium joint without OA of the trapeziometacarpal joint 1 ± 0.82
Scapholunate advanced collapse wrist† 1 ± 0.83
Elbow 1 ± 1.00
Patellofemoral joint without OA of the tibiofemoral joint 1 ± 1.09
Ankle, without history of trauma 1 ± 1.01
>1 of the following: ankle, wrist, shoulder, elbow 1 ± 0.97

OA at 1 or more joints with signs of joint inflammation on examination 1 ± 0.90
Patellofemoral joint with wrap-around patella 0 ± 1.14

(Continued)
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polymorphisms and mutations were considered highly specific,
but too uncommon to be relevant for a classification criteria sys-
tem and were eliminated. Metabolic abnormalities that are risk
factors for CPPD were retained for future steps, such as high
serum ferritin, hypomagnesemia, and hypophosphatasia. Labo-
ratory assays that have been reported in research literature but
are not routinely available for clinical use (e.g., high serum
MMP3 enzyme and tissue-type plasminogen activator levels),
were considered impractical for classification criteria and were
omitted.

Candidate items in the imaging category were nearly uni-
formly retained during this discussion. The group felt that deci-
sions about including imaging evidence of CPP crystal
deposition at specific joints or combinations of joints were best
left to future steps.

Advisory group meetings to further reduce and
refine items. Each of the 3 advisory groups reached consensus
on eliminating items that were not considered important discrimi-
nators between CPPD and non-CPPD. Supplementary Table 1,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24619, presents the
items that were retained and the updated definitions resulting
from this step. Periarticular soft tissue swelling, asymmetric joint
involvement, and hip pain are among the clinical items that were
removed. The presence of CPP crystals specifically within white
blood cells was removed, as laboratory experts reached consen-
sus that extracellular and intracellular CPP crystals should carry

equal importance in CPPD classification. Ultrasound findings
characteristic of gout, such as the double-contour sign and
“snowstorm” appearance, were eliminated as potential items
weighing against CPPD classification. The advisory group discus-
sions yielded 61 clinical items, 57 imaging items, and 9 laboratory
items (127 items total) for further consideration.

Item-rating exercise. Twenty-nine combined expert com-
mittee members (82.9%) completed the item-rating exercise,
which included 127 items. In total, 83 items (65.4%) had a modal
rating of +3, +2, –2, or –3 and were retained for future phases
based on this rating alone (Tables 1 and 2). Nearly all of the imag-
ing items, synovial fluid CPP crystals, age >80 years at symptom
onset, crowned dens syndrome, a history of familial CPPD, Gitel-
man syndrome, hemochromatosis, hyperparathyroidism, and
hypomagnesemia were most strongly and consistently rated as
influencing consideration of classifying as CPPD, with a modal rat-
ing of +3 and SD <1. Four items were rated as strongly indicating
that the case was unlikely to be CPPD: palpable subcutaneous
tophi, monosodium urate crystals (and no CPP crystals) in syno-
vial fluid, positive synovial fluid culture, and high-titer ACPA (>3
times the upper limit of normal).

Seven respondents entered free-text comments indicating
that the experience of the person performing polarized light
microscopy is quite important, particularly when CPP crystals
are not observed in synovial fluid. Thirteen respondents selected
“not applicable” for questions related to MRI findings; aside from
MRI, “not applicable” was rarely chosen.

Table 1. (Cont’d)

Candidate criteria
Modal rating
score ± SD

Lateral tibiofemoral joint 0 ± 0.78
Patellofemoral and tibiofemoral joints 0 ± 0.89
Shoulder 0 ± 1.20
Scaphotrapezium joint without OA of the 1st MCP joint 0 ± 0.95
Scaphotrapezium and trapeziometacarpal joints 0 ± 1.00
Trapeziometacarpal joint 0 ± 0.61

Synovial fluid findings
At least 1 joint aspirate demonstrating CPP crystals 3 ± 0.26
CPP crystals absent 1 occasion† –1 ± 0.63
CPP crystals absent on 2 or more occasions –2 ± 0.85
Monosodium urate crystals present, no CPPD crystals, and no microorganisms –3 ± 0.83
Microorganisms on culture, no monosodium urate crystals, no CPPD crystals –3 ± 0.99

Laboratory findings
Hypomagnesemia 3 ± 0.83
Hyperparathyroidism 3 ± 0.78
Hypercalcemia 2 ± 0.92
Low-titer positive RF (1–3 times upper limit of normal) 0 ± 0.68
High-titer positive RF (>3 times upper limit of normal) –2 ± 0.96
Low-titer positive ACPA (1–3 times upper limit of normal)† 0 ± 0.98
High-titer positive ACPA (>3 times upper limit of normal) –3 ± 0.97

* ACPA = anti–citrullinated protein antibody; CPP = calcium pyrophosphate; CPPD = calcium pyrophosphate deposition disease;
MCP = metacarpophalangeal; MTP = metatarsophalangeal; OA = osteoarthritis; RF = rheumatoid factor.
† Retained despite mode rating score –1, 0, or +1 per steering committee discussion.
‡ OA of secondMCP joint and OA of third MCP joint were split into 2 discrete items. Retained despitemode rating score –1, 0, or +1 per steering
committee discussion.
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The steering committee discussed 28 items (22.0%) with a
modal rating of –1, 0, or +1. Eight of these were retained at this
stage to facilitate data collection to evaluate the potential rele-
vance of these items in a data-driven approach (Tables 1 and 2).
The modal score was 0 for a history of meniscectomy or arthros-
copy, and several experts commented that meniscectomy is
prone to favor local disease but not systemic CPPD.

Because the number of candidate imaging items remained
large and included numerous joints at this stage, the steering
committee proposed a parsimonious approach for the imaging
items: given that CPPD most commonly affects the knee and
wrist, they agreed that imaging data regarding calcification sug-
gestive of CPP crystal deposition should be routinely assessed
for these joints. Including imaging data from 1 additional affected
joint was felt to provide a reasonable balance between informa-
tiveness for potential classification as CPPD and workload for
future steps of data collection. Imaging data from any additional
joints were deemed to likely provide only minimal additional value
for discriminating CPPD from non-CPPD.

Following the item-rating exercise, the steering committee
and laboratory advisory group added an additional item, histo-
pathologic evidence of CPP crystals, as they recognized that sur-
gical specimens from knee replacement or spinal surgery may
reveal these crystals in patients without arthrocentesis or synovial
fluid crystal analysis. Therefore, 56 items were retained for future
phases of classification criteria development.

DISCUSSION

We present results from the initial phases of CPPD classifica-
tion criteria development, which will culminate in the first validated
system to identify patients with CPPD for clinical research studies.
A scoping review identified >300 unique clinical, laboratory, and
imaging items from publications with a variety of study designs
and a range of definitions of CPPD. Input from CPPD experts,
some of whom have >5 decades of experience treating this dis-
ease, and CPPD patients was critical for identifying >100 addi-
tional items that are observed in clinical practice but may not
have been published in the relatively scant literature on CPPD.

The item-reduction process achieved its goal of honing a
manageable number of items for future data collection and test-
ing. Expert opinion was key for the rating exercise. Candidate
items for which the mode was +3 or –3 had an SD of <1, indicat-
ing consensus among individual raters and providing face valid-
ity for these items. For a handful of items with a modal rating of
–1, 0 or +1, the steering committee took an inclusive approach
to retain these items now and analyze them in a future data-
driven step.

While the item-generation phase had produced a large num-
ber of clinical features, the item-reduction phase revealed that
many of these occur in a large number of conditions, and as a
result, do not discriminate between CPPD and non-CPPD, a key
requirement for an item to be considered for inclusion in

Table 2. CPPD combined expert committee rating of influence on the likelihood of CPPD (–3 to +3) for candidate imaging items*

Affected
joint Knee† Wrist†

Second
and/or
third
MCP† Hip†

Symphysis
pubis†

C1/
C2† Shoulder†

Plain radiograph: calcification in regions of fibro- or
hyaline cartilage

3 3 3 3 3 3 3 3

Plain radiograph: calcification of the synovial
membrane/capsule/tendon

1‡ 1‡ 2 2 – – 3 –

Conventional CT: calcification in regions of fibro- or
hyaline cartilage

3 3 3 3 3 3 3 3

Conventional CT: calcification of the synovial
membrane/capsule/tendon

2 2 2 2 2 – 3 –

Ultrasound: CPP crystal deposition in fibro- or hyaline
cartilage

3 3 3 3 – – – 3

Ultrasound: CPP crystal deposition in synovial
membrane/capsule/tendon

2 2 2 3 – – – –

Cartilage calcium aggregates in the affected joint on
ultrashort echo time or in 3D dual-echo steady-
state gradient-echo MRI sequences

2 1 2 3 3 3 2 2

Dual-energy CT: CPP crystal deposition in fibro- or
hyaline cartilage

3 3 3 3 3 – 3 3

Dual-energy CT: CPP crystal deposition in synovial
membrane/capsule/tendon

3 3 3 3 3 – 3 –

* Themode rating score is presented for each imagingmodality and location. Imaging data from 1 affected joint, the knee (regardless of symp-
toms), and the wrist (regardless of symptoms) were ultimately recommended as candidate criteria by the steering committee. CPP = calcium
pyrophosphate; CPPD = calcium pyrophosphate deposition disease; CT = computed tomography; MCP = metacarpophalangeal;
MRI = magnetic resonance imaging.
† Regardless of symptoms at this joint.
‡ Plain radiograph of the affected joint and plain radiograph of the knee with calcification of the synovial membrane/capsule/tendon were
retained per steering committee discussion.
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classification criteria. Periarticular soft tissue swelling and ultra-
sound double-contour sign are among the items that were
removed during item reduction (see Supplementary Table 1, avail-
able on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24619). Factors that are
pathogenic and central to the construct of disease, such as older
age, hyperparathyroidism, and osteoarthritis of the knee, wrist,
and second or third metacarpophalangeal joints were retained.

Notably, 40 of 49 items that were rated as strongly influenc-
ing experts toward classifying a patient as having CPPD
(rating +3) were imaging findings of the affected joint or other
joints characteristic of CPPD, regardless of symptoms in those
joints (e.g., incidental findings in the shoulder on CT chest). Given
the large number of imaging items that were highly rated as +3,
the steering committee proposed including imaging of the knee
and wrist, as these are commonly involved in CPPD and are most
clinically impactful, as well as adding 1 additional affected joint.
Dual-energy CT was consistently rated +3 for all joint locations,
consistent with the limited literature suggesting high specificity
for CPPD. Ultrasound evidence of CPPD was also rated highly,
reflecting the published reports of high specificity in fibro- or hya-
line cartilage (26,27). Plain radiograph calcification in regions of
fibro- or hyaline cartilage in all proposed joint locations was also
rated as strongly influencing a decision toward classifying as
CPPD, while calcification in synovial membrane, capsule, or ten-
don generally was not as strongly rated because this feature
was potentially more likely due to another form of calcium crystal
deposition, e.g. calcium hydroxyapatite. Specific MRI sequences
received mixed ratings, and notably one-third of respondents did
not answer questions about MRI due to lack of experience with
these sequences and lack of sufficient data in the published liter-
ature to guide decision-making. Ongoing work for imaging items
includes refining definitions to include technical parameters and
developing a set of representative CPPD images for refer-
ence (28).

The next phase of classification criteria development will
involve de-identified prospective data collection from real-life
patients to form a derivation cohort of patients with a range of
probabilities for being classified as having CPPD. Collecting data
on the 56 items from hundreds of patients will enable evaluation
of the distribution of each item across a range of patient scenar-
ios, ranging from “definite CPPD” to “not CPPD” and inform a
subsequent multicriterion decision analytic exercise using
1000Minds software. Prior to the 1000Minds exercise, latent
class analysis will be performed to identify which items cluster
together to further reduce the number of items and identify poten-
tial domains. An expert consensus workshop and 1000Minds
exercise will further reduce items to a manageable framework of
domains and establish weights for individual items within each
domain and across domains. The current item-reduction phase
was successful in achieving a manageable number of candidate
criteria for the data collection step and subsequent testing.

Classification criteria for CPPD will provide a validated defini-
tion of CPPD for use in clinical research, facilitating comparisons
across studies and enrollment into clinical trials. An international
CPPD combined expert committee developed a comprehensive list
of candidate items, informed by the literature and by expert opinion.
This list was then refined and narrowed to items that experts con-
sidered most influential in pushing them toward or against classify-
ing an individual patient as having CPPD. Phase III, item weighting
and threshold determination, is underway. The final phase, phase
IV, will validate the CPPD classification criteria system.
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Predictors of Lumbar Spine Degeneration and Low Back
Pain in the Community: The Johnston County
Osteoarthritis Project

Adam P. Goode,1 Rebecca J. Cleveland,2 Steven Z. George,1 Todd A. Schwartz,2 Virginia B. Kraus,1

Jordan B. Renner,2 Richard H. Gracely,2 Louis E. DeFrate,1 David Hu,2 Joanne M. Jordan,2

and Yvonne M. Golightly2

Objective. To determine the incidence and worsening of lumbar spine structure and low back pain (LBP) and
whether they are predicted by demographic characteristics or clinical characteristics or appendicular joint osteoarthri-
tis (OA).

Methods. Paired baseline (2003–2004) and follow-up (2006–2010) lumbar spine radiographs from the Johnston
County Osteoarthritis Project were graded for osteophytes (OST), disc space narrowing (DSN), spondylolisthesis,
and presence of facet joint OA (FOA). Spine OA was defined as at least mild OST and mild DSN at the same level for
any level of the lumbar spine. LBP, comorbidities, and back injury were self-reported. Weibull models were used to
estimate hazard ratios (HRs) and 95% confidence intervals (95%CIs) of spine phenotypes accounting for potential pre-
dictors including demographic characteristics, clinical characteristics, comorbidities, obesity, and appendicular OA.

Results. Obesity was a consistent and strong predictor of incidence of DSN (HR 1.80 [95% CI 1.09–2.98]), spine
OA (HR 1.56 [95% CI 1.01–2.41]), FOA (HR 4.99 [95% CI 1.46–17.10]), spondylolisthesis (HR 1.87 [95% CI 1.02–
3.43]), and LBP (HR 1.75 [95% CI 1.19–2.56]), and worsening of DSN (HR 1.51 [95% CI 1.09–2.09]) and LBP (HR 1.51
[95% CI 1.12–2.06]). Knee OA was a predictor of incident FOA (HR 4.18 [95% CI 1.44–12.2]). Spine OA (HR 1.80
[95% CI 1.24–2.63]) and OST (HR 1.85 [95% CI 1.02–3.36]) were predictors of incidence of LBP. Hip OA (HR 1.39
[95% CI 1.04–1.85]) and OST (HR 1.58 [95% CI 1.00–2.49]) were predictors of LBP worsening.

Conclusion. Among the multiple predictors of spine phenotypes, obesity was a common predictor for both
incidence and worsening of lumbar spine degeneration and LBP.

INTRODUCTION

Chronic low back pain (LBP) impacts >31 million Americans

at any given moment (1) and has increased 3-fold in prevalence

over a 10-year period (2). The traditional gateway to interven-

tions for LBP is diagnostic clinical imaging (3). This is especially

true within the primary care setting, where although plain film

radiographs are not generally recommended by guidelines (4),

they are nonetheless frequently performed for examining

whether lumbar spine structure is linked to LBP (5,6). Improved

understanding of the relationship between lumbar spine imaging

and LBP is critically important (7–13), as discordance between

spine degeneration and LBP may lead to additional tests and

referrals, some of which may have questionable benefit (14).
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Disc space narrowing (DSN) from degeneration of the inter-
vertebral disc, vertebral osteophytes (OST) formation, facet joint
osteoarthritis (FOA), and spondylolisthesis are potential sources
of nociceptive pain in the lower back. Cross-sectional studies
have linked lumbar spine degeneration with demographic and
clinical characteristics (7–9,15,16). However, longitudinal
community-based studies are sparse, with most including only
women, a considerable length of follow-up (~9 years), and limited
LBP examination (10,12,13). Muraki et al (17), using data from a
Japanese cohort, identified that sex was a significant predictor
of incidence of lumbar spine degeneration; more severe spine
degeneration was also a significant predictor of LBP. However,
differences between Japanese and US lifestyles may result in dif-
ferent predictors of incidence and worsening of lumbar spine
degeneration and LBP.

To our knowledge, no other community-based study within
the US has examined the incidence, worsening, and the longitudi-
nal relationship between demographic and clinical characteristics
and appendicular joint OA as predictors of radiographic lumbar
spine degeneration and LBP within the same cohort. Therefore,
our objective was to: 1) describe the incidence and worsening of
lumbar spine vertebral OST, DSN, FOA, spondylolisthesis, and
LBP, and 2) determine demographic or clinical characteristics
and appendicular joint OA predictors of incidence and worsening
of lumbar spine degeneration and LBP. We hypothesized that
there would be 1) multiple factors predictive of degeneration, 2)
multiple factors predictive of LBP, and 3) few (if any) factors pre-
dictive of both degeneration and LBP. These hypotheses are
driven by previous research that suggests that factors predictive
of structural changes are not the same factors as those predictive
of LBP (17–19). However, we intentionally posit a general hypoth-
esis as we believe several factors are likely to be predictive of
these outcomes.

PATIENTS AND METHODS

Participants. Details of the sampling strategy and recruit-
ment methods used for the Johnston County Osteoarthritis
(JoCo OA) Project are described elsewhere (7,20). This ongoing
longitudinal study of OA includes African American (nearly one-

third of the cohort) and White participants living in a largely rural
county in North Carolina. Civilian, noninstitutionalized residents
age ≥45 years from 6 townships in Johnston County were
enrolled between 1991 and 1998 (n = 3,187, original cohort),
and additional residents were enrolled in 2003–2004 (n = 1,015,
enrichment cohort). Since the enrichment cohort aimed to sup-
plement the sample for African American and younger partici-
pants, participants enrolled during 2003–2004 tended to be
younger (mean age 59.3 versus 65.8 years) and were more likely
to be African American (40% versus 28%) than the original cohort
participants at first follow-up (1999–2003); the 2 groups did not
differ according to sex (21). Participants in the JoCo OA Project
completed follow-up clinical and interview data collection approx-
imately every 5 years, with 1,695 participants seen during the
2006–2010 clinic visit (time point T2). All participants in the JoCo
OA Project have provided informed consent for participation,
and the JoCo OA Project has been continuously approved by
the institutional review boards of the University of North Carolina
and the Centers for Disease Control and Prevention in Atlanta,
Georgia.

Radiographic spine structure. Lumbar spine radio-
graphs were included in the JoCo OA study for participants at
the T2 2006–2010 clinic visit (n = 1,685). There were 819 returning
participants at the T3 time point (2013–2015) who completed
lumbar spine radiographs. By protocol, women of reproductive
age (<50 years) were excluded from having lumbar spine radio-
graphs. Lumbar spine radiographs were performed with the par-
ticipant lying on his/her left side, a common position for clinical
radiographs, with the central beam centered at the lumbar spine.
The Burnett Atlas (22) was used to grade lumbar spine radio-
graphic features of FOA, DSN, and OST. FOA was graded as
absent or present at each lumbar level, while DSN and OST were
graded in a semiquantitative fashion (0 = none, 1 = mild, 2 = mod-
erate, and 3 = severe). Spine OA was defined as the presence of
at least mild OST and mild DSN at the same vertebral level
(23,24), which is similar to studies that define spine degeneration
with the Kellgren/Lawrence (K/L) atlas (13,17). Spondylolisthesis
was graded based on the translation of the vertebrae relative
to the diameter of the affected intervertebral disc space,
with 0 = no listhesis, 1 = ≤25%, 2 = 26–50%, 3 = 51–75%,
4 = 76–100%, and 5 = >100% translation. All lateral lumbar spine
radiographs were graded at each lumbar level by an experienced
single bone and joint radiologist (JBR) with an intrarater reliability
of κ = 0.73 for FOA, 0.89 for DSN, and 0.90 for OST (25).

LBP. LBP was ascertained at the clinical interview by asking
participants to answer “yes” or “no” to the question, “On most
days do you have pain, aching or stiffness in your lower back?”
Those participants who reported “yes” were also asked to quan-
tify the severity of their symptoms as “mild,” “moderate,” or
“severe.”

SIGNIFICANCE & INNOVATIONS
• This longitudinal study of 819 participants over an

average of 5.5 years found that obesity and appen-
dicular joint osteoarthritis were significant predic-
tors of the incidence and worsening of both
lumbar spine degeneration and low back pain.

• Since obesity is a modifiable risk factor, efforts to
decrease it could lessen the development and wors-
ening of lumbar spine degeneration and low
back pain.
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Demographic and clinical characteristics.Demographic
data were collected by clinical interview and examination, includ-
ing age, sex, and race (African American/White). Clinical charac-
teristics included self-reports of diabetes mellitus, high blood
pressure, back injury, and history of cigarette smoking, as well
as body mass index (BMI) at the time of interview (calculated
from height measured without shoes and weight measured with
a balance beam scale).

Appendicular joint OA. The protocol for conducting
appendicular joint OA radiographs has been described in detail
elsewhere (26,27). All knee, hip, and hand radiographs were read
for K/L (28) score by the same radiologist (JBR). Interrater and
intrarater reliability have been reported previously with a κ of 0.86
and 0.89, respectively, for both the hip and knee (26). Hip and
knee OA for these analyses was defined as a K/L score of 2–4 in
at least 1 extremity. Hand OA was defined as K/L grade of 2–4
in at least 1 distal interphalangeal of 1 extremity, with at least
2 other interphalangeal joints or carpometacarpal joints affected
(K/L grade 2–4) across both hands (27).

Statistical analysis. Descriptive statistics were generated
for the total sample. Incidence was defined as the absence of a
specific radiographic feature at all levels of the lumbar spine at
baseline and the presence of that feature at any level of the lumbar
spine at follow-up. Worsening was defined as a ≥1-unit increase
in severity from baseline to follow-up for OST, DSN, and spondy-
lolisthesis. Incidence was measured for all radiographic features,
whereas worsening was not measured for FOA since this was
measured on a dichotomous scale. LBP was considered incident
if the participant reported “no” LBP at baseline but “yes” at
follow-up. LBP was considered worsening if there was a ≥1-unit
increase in severity from baseline status to follow-up. Those with

baseline severe LBP were excluded, as they were unable to have
a 1-unit increase in symptoms. Since the prevalence varied for
each spine feature at baseline, the incidence and worsening sam-
ple sizes varied accordingly (Figure 1).

Our outcomes were interval-censored because the exact
time of occurrence was not observed, but rather only whether
the event occurred between time points. In addition, follow-up
intervals were of varying length for JoCo OA Project participants
(on average, 5.5 years). Due to these features of our data, we
selected Weibull models to estimate hazard ratios (HRs) account-
ing for potential predictors with corresponding 95% confidence
intervals (95% CIs). All models reported are multivariable and
included demographic variables (age, race, and sex), clinical char-
acteristics (diabetes mellitus, high blood pressure, smoking sta-
tus, and BMI), and appendicular joint OA (knee, hip, and hand
OA) predictors simultaneously. When FOA was the outcome, we
also included spine OA; likewise, when spine OA, DSN, or OST
was the outcome, we included FOA. We explored several pair-
wise interaction terms between each BMI interval and diabetes
mellitus and demographic (sex, race, and age) and clinical char-
acteristics (BMI, smoking, and diabetes mellitus), but we did not
identify any significant interactions. Similar to other studies, we
conducted post hoc stratified analyses of the relationships
between upper (L1–L3) and lower (L4–L5) lumbar levels for spine
OA and FOA. Those results are provided in Supplementary
Table 1, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24643. In addi-
tion, we compared differences in outcomes and predictors
between participants in this study and those who were lost to
follow-up (see Supplementary Table 2, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24643). Finally, we conducted a simple sensitivity
analysis to determine if our definition of spine OA would be

Figure 1. Flow diagram. FOA = facet joint osteoarthritis; LBP = low back pain; OA = osteoarthritis. * = Covariates were age, race, sex, cohort,
body mass index, back pain, knee OA, hip OA, hand OA, diabetes mellitus, high blood pressure, and ever smoker.
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influenced by the severity of OST and DSN. All analyses were con-
ducted in SAS, version 9.4, and α was set at 0.05.

RESULTS

Figure 1 illustrates the selection of participants in the JoCo
OA Project for both structure and symptoms for these analyses.
For our structure outcomes, ~50% did not have lumbar spine
radiographic data due to being lost to follow-up or failure to return
for the clinic follow-up visit. A large proportion had baseline prev-
alent lumbar spine structural abnormality (54.9% with spine OA
and 78.4% with FOA) or LBP (34.8%). Some were missing or
refused lumbar spine radiographs at follow-up for lumbar spine
structure (n = 1 for FOA, n = 1 for spine OA, and n = 6 for spondy-
lolisthesis), and some had missing covariate data for lumbar spine
structure (n = 28 for spine OA and spondylolisthesis, and n = 17
for FOA). For our symptom outcome of LBP, ~50% had missing
LBP data due to being lost to follow-up or failure to return for the
clinic follow-up visit. After missing covariate data (n = 21), 499 par-
ticipants were eligible for incidence analysis, and 638 were eligible
for analysis of worsening.

Table 1 describes the baseline demographic and clinical
characteristics as well as appendicular joint OA and lumbar spine
degenerative factors. Just over two-thirds (67.9%) were women,
and 31.8% were African American. OST and FOA were common
at baseline: 84.3% and 78.4%, respectively; DSN and spondylo-
listhesis occurred less frequently: 26.1% and 17.8%, respectively.
A majority (54.7%) of the participants were obese, a small per-
centage (1.6%) reported a history of back injury, and ~35%
reported the presence of LBP. The proportions of knee
(39.6%), hip (35.5%), and hand OA (32.0%) were similar among
participants.

The number of participants at risk for incident lumbar spine
degeneration is described in Supplementary Table 3, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24643. A large proportion of partici-
pants developed OST at any level of the lumbar spine (59.0%).
The incidences of DSN and spine OA were similar at 38.1% and
31.4%, respectively. The incidences of any FOA and spondylolis-
thesis were 10.2% and 9.1%, respectively. Approximately 34% of
participants had a worsening of OST, 24% a worsening of DSN,
and 8% a worsening of spondylolisthesis.

Table 2 describes the demographic predictors for incidence
of lumbar spine degeneration in multivariable models including
demographic and clinical characteristics and OA variables as
potential predictors simultaneously. Women were more likely to
develop spondylolisthesis (HR 2.16 [95% CI 1.07–4.34]). Obesity
was a risk factor for incidence of DSN (HR 1.80 [95% CI 1.09–
2.98]), FOA (HR 4.99 [95% CI 1.46–17.10]), spine OA (HR 1.56
[95% CI 1.01–2.41]), and spondylolisthesis (HR 1.87 [95% CI
1.02–3.43]). The presence of diabetes mellitus was a protective
factor for the incidence of DSN (HR 0.54 [95% CI 0.30–0.97]).

Smokers were 39% less likely to develop DSN (HR 0.61 [95% CI
0.38–0.98]) and 40% less likely to develop spine OA (HR 0.60
[95% CI 0.39–0.91]). Knee OA was a risk factor for the incidence
of FOA (HR 4.18 [95% CI 1.44–12.2]). However, hip and hand
OA were not risk factors for radiographic changes in the lumbar
spine. In our sensitivity analysis of spine OA coding, we did not
identify that the severity of OST or DSN changed the results.

Table 3 describes the predictors for worsening of lumbar
spine degeneration in multivariable models including demographic
and clinical characteristics and OA variables simultaneously as
potential predictors. Women had a 46% increased hazard of

Table 1. Characteristics of participants with paired lumbar spine
radiographs at baseline (n = 819)*

No./
total no. % (95% CI)

Radiographic spine outcomes
OST grade 0 versus 1–3 691/819 84.3 (81.9–86.9)

Grade 0 128/819 15.6 (13.2–18.3)
Grade 1 511/819 62.4 (59.0–65.70
Grade 2 154/819 18.8 (16.2–21.7)
Grade 3 26/819 3.2 (2.1–4.6)

DSN grade 0 versus 1–3 579/819 26.1 (23.0–29.3)
Grade 0 240/819 29.3 (26.2–32.6)
Grade 1 364/819 44.4 (41.0–47.9)
Grade 2 214/819 26.1 (23.2–29.3)
Grade 3 1/819 0.12 (0.0–0.7)

Spondylolisthesis 146/813 17.8 (15.3–20.6)
Grade 0 673/813 82.2 (79.4–84.7)
Grade 1 139/813 17.0 (14.5–19.7)
Grade 2 5/813 0.61 (0.2–1.4)
Grade 3 2/813 0.24 (0.03–0.9)
Grade 4 0/813 NA
Grade 5 0/813 NA

Spine OA present 446/813 54.9 (51.4–58.3)
FOA present 642/819 78.4 (75.6–81.2)

Demographic predictors
Age

<55 34/819 4.2 (2.9–5.8)
55 to <65 371/819 45.3 (41.9–48.9)
65+ 414/819 50.5 (47.1–54.0)

Sex, female 556/819 67.9 (65.0–71.0)
Race, African American 260/819 31.8 (28.6–35.1)

Clinical characteristic
predictors

Obesity (BMI ≥30) 448/819 54.7 (51.3–8.1)
Diabetes mellitus 160/795 20.1 (17.3–23.0)
High blood pressure 499/796 62.7 (59.3–66.1)
Smoking 410/812 50.5 (47.0–54.0)
Back injury 13/811 1.6 (1.0–2.0)
Back pain 278/798 34.8 (31.5–38.1)

None 520/798 65.2 (61.0–69.1)
Mild 96/798 12.0 (9.5–15.1)
Moderate/severe 182/798 22.8 (19.5–26.6)

Appendicular joint OA predictors
Knee 318/803 39.6 (36.2–43.0)
Hip 287/809 35.5 (32.2–38.8)
Hand 260/813 32.0 (28.8–35.3)

* 95% CI = 95% confidence interval; BMI = body mass index;
DSN = disc space narrowing; FOA = facet joint osteoarthritis;
NA = not applicable; OA = osteoarthritis; OST = osteophytes.

GOODE ET AL1662

https://doi.org/10.1002/acr.24643
https://doi.org/10.1002/acr.24643


worsening of DSN (HR 1.46 [95% CI 1.02–2.08]). Obesity was a
risk factor for worsening of DSN (HR 1.51 [95% CI 1.09–2.09])
but a protective factor for vertebral OST worsening (HR 0.75
[95% CI 0.57–0.99]). The presence of diabetes mellitus was a risk
factor for the worsening of vertebral OST (HR 1.38 [95% CI
1.00–1.92]).

Table 4 describes the predictors for incidence and worsening
of LBP in multivariable models including demographic and clinical
characteristics and OA variables simultaneously as potential pre-
dictors. Obesity was a strong risk factor of both LBP incidence
(HR 1.75 [95% CI 1.19–2.56]) and worsening (HR 1.51 [95% CI
1.12–2.06]). Having mild or moderate LBP at baseline was a

predictor for LBP worsening. Participants with hip OA at baseline
were 39% more likely to progress in LBP severity (HR 1.39 [95%
CI 1.04–1.85]). Baseline OST and spine OA were predictors of inci-
dent LBP (HR 1.85 [95% CI 1.02–3.36]; HR 1.80 [95% CI 1.24–
2.63], respectively). The presence of vertebral OST at baseline
was also a predictor of worsening LBP (HR 1.58 [95% CI
1.00–2.49]).

The results for the post hoc stratified analysis of the incidence
of upper and lower lumbar spine OA and FOA are described in
Supplementary Table 1, available at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24643. Findings were similar to our primary analy-
sis of the lumbar spine degeneration features. In addition, African

Table 3. Baseline demographic and clinical characteristics and appendicular joint OA as predictors of lumbar spine degeneration worsening in
Weibull models*

OST (n = 730) DSN (n = 754)
Increased levels of
spine OA (n = 745)

Spondylolisthesis
(n = 753)

Demographic characteristics
Women versus men 0.85 (0.63–1.13) 1.46 (1.02–2.08)† 1.22 (0.92–1.62) 1.93 (0.96–3.87)
African American versusWhite 1.04 (0.77–1.40) 0.79 (0.55–1.13) 0.91 (0.69–1.21) 1.19 (0.66–2.13)
Age 55–65 versus <55 years 0.84 (0.41–1.74) 1.40 (0.55–3.60) 2.95 (1.07–8.15)† 0.67 (0.19–2.40)
Age 65+ versus <55 years 0.89 (0.43–1.88) 1.29 (0.49–3.38) 3.01 (1.08–8.42)† 0.90 (0.24–3.33)

Clinical characteristics
Obesity 0.75 (0.57–0.99)† 1.51 (1.09–2.09)† 1.24 (0.96–1.62) 1.77 (0.97–3.22)
Diabetes mellitus 1.38 (1.00–1.92)† 0.85 (0.56–1.28) 0.77 (0.56–1.08) 0.81 (0.40–1.62)
High blood pressure 0.88 (0.67–1.16) 0.88 (0.64–1.20) 1.13 (0.87–1.47) 1.15 (0.64–2.04)
Smoking 1.00 (0.76–1.30) 1.08 (0.79–1.47) 0.95 (0.74–1.23) 0.77 (0.44–1.35)
Back injury 0.58 (0.18–1.83) 0.61 (0.15–2.49) 0.59 (0.19–1.85) 1.41 (0.19–10.6)

Appendicular joint OA
Knee OA 0.97 (0.74–1.28) 0.84 (0.61–1.16) 1.00 (0.78–1.30) 0.83 (0.48–1.45)
Hip OA 0.91 (0.69–1.19) 0.72 (0.52–1.00) 0.77 (0.60–1.01) 1.11 (0.64–1.91)
Hand OA 0.98 (0.73–1.32) 1.06 (0.75–1.48) 1.10 (0.84–1.43) 1.05 (0.58–1.90)

* Values are the hazard ratio (95% confidence interval). Weibull models include sex, race, age, body mass index, diabetes mellitus, high blood
pressure, smoking, and back injury, as well as knee, hip, and hand osteoarthritis (OA) predictors simultaneously. DSN = disc space narrowing;
OST = osteophytes.
† Significant.

Table 2. Baseline demographic and clinical characteristics and appendicular joint OA as predictors of incident lumbar spine degeneration in
Weibull models*

OST (n = 114)
DSN

(n = 220)
Spine OA
(n = 338) FOA (n = 159)

Spondylolisthesis
(n = 611)

Demographic characteristics
Women versus men 2.31 (0.88–6.04) 1.33 (0.79–2.23) 1.26 (0.78–2.04) 0.50 (0.14–1.75) 2.16 (1.07–4.34)†
African American versus White 1.19 (0.60–2.37) 0.69 (0.41–1.17) 0.81 (0.52–1.28) 0.96 (0.29–3.23) 1.20 (0.66–2.18)
Age 55–65 versus <55 years 0.41 (0.11–1.58) 1.05 (0.34–3.23) 2.51 (0.75–8.42) 0.69 (0.03–14.9) 0.67 (0.19–2.41)
Age 65+ versus <55 years 0.38 (0.09–1.55) 1.24 (0.37–4.10) 2.17 (0.62–7.58) 1.09 (0.05–26.1) 0.96 (0.26–3.59)

Clinical characteristics
Obesity 0.63 (0.31–1.27) 1.80 (1.09–2.98)† 1.56 (1.01–2.41)† 4.99 (1.46–17.1)† 1.87 (1.02–3.43)†
Diabetes mellitus 0.51 (0.17–1.57) 0.54 (0.30–0.97)† 0.71 (0.42–1.18) 0.82 (0.20–3.35) 0.69 (0.34–1.39)
High blood pressure 0.80 (0.42–1.50) 0.76 (0.48–1.21) 0.81 (0.54–1.22) 0.51 (0.16–1.56) 1.26 (0.69–2.29)
Smoking 0.87 (0.49–1.56) 0.61 (0.38–0.98)† 0.60 (0.39–0.91)† 1.04 (0.35–3.11) 0.79 (0.46–1.38)
Back injury 0.57 (0.07–4.59) 0.56 (0.07–4.43) 0.72 (0.17–3.02) NR 1.82 (0.24–14.0)

Appendicular joint OA
Knee OA 1.28 (0.62–2.65) 0.92 (0.54–1.57) 0.95 (0.62–1.47) 4.18 (1.44–12.2)† 0.88 (0.50–1.53)
Hip OA 0.61 (0.34–1.10) 0.80 (0.48–1.34) 0.91 (0.59–1.38) 0.41 (0.13–1.27) 1.28 (0.74–2.22)
Hand OA 1.02 (0.56–1.84) 1.16 (0.68–1.97) 1.31 (0.84–2.02) 0.58 (0.16–2.09) 1.20 (0.66–2.19)

* Values are the hazard ratio (95% confidence interval). Weibull models include sex, race, age, body mass index, diabetes mellitus, high blood
pressure, smoking, and back injury, as well as knee, hip, and hand osteoarthritis (OA) predictors simultaneously. Additionally, disc space nar-
rowing (DSN) and spine OA models included facet joint OA (FOA) presence, and FOA models included spine OA presence. NR = not reported
(due to small sample size); OST = osteophytes.
† Significant.
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American participants were 59% less likely (HR 0.41 [95%CI 0.24–
0.72]) to have incident upper lumbar spine OA with symptoms and
53% less likely (HR 0.47 [95% CI 0.28–0.79]) to have lower FOA.
Those with self-reported high blood pressure were 59%more likely
(HR 1.59 [95% CI 1.01–2.51]) to have incident upper spine OA.

DISCUSSION

We determined the incidence and worsening of radiographic
lumbar spine features commonly used in clinical practice to help
better delineate the relationship between spine structure and
LBP. Obesity was a strong predictor for nearly all lumbar spine
features and LBP. OST and spine OA had prognostic value as
demonstrated by their prediction of LBP incidence and worsen-
ing. These findings may have important implications for clinical

practice, especially where diagnostic imaging is being used for
better understanding the relationship between lumbar spine
degeneration and LBP.

We identified that obesity was a predictor of both the inci-
dence and worsening of LBP. Muraki and colleagues (17) did
not find obesity to be a significant predictor of incident LBP; how-
ever, their Japanese study population had a considerably lower
average BMI compared to ours. Since our cohort had a large pro-
portion of participants considered to be obese, these findings
may not be generalizable to other community-based studies with
a much lower proportion of obese participants. For radiographic
features commonly examined during initial visits for LBP, we
found that spine OA was a significant risk factor for incident
LBP, similar to findings of others (17). The baseline presence of
at least mild OST was a significant predictor of LBP incidence
and worsening. Although OST is common among the population,
the presence of OST among those with LBP may be an indicator
of continued or worse mechanical LBP. We also identified hip
OA as a significant predictor of LBP worsening. Some have sup-
ported a hip-spine syndrome whereby influences from the pres-
ence of hip symptoms or OA have resulted in LBP (29–34). To
our knowledge, this is the first study to report a longitudinal rela-
tionship between baseline hip OA and LBP worsening.

Obesity was a strong and consistent predictor for the inci-
dence of DSN, spine OA, FOA, and spondylolisthesis, and only
for worsening of DSN. Muraki et al (17) found that BMI was a sig-
nificant risk factor for lumbar spine degeneration. However, our
study also includes lumbar spine FOA and spondylolisthesis,
which were not included in their study. Our findings support
cross-sectional studies from both our group and others that indi-
cate an association between obesity and FOA (7,14,35). Due to
the older age of our sample in the JoCo OA Project, >75% of par-
ticipants already had FOA at baseline. As such, the small number
of incident cases for FOA limits these findings. The finding that
obesity was a protective factor for the worsening of OST is difficult
to explain. One reason may be related to the large number of
prevalent OST at baseline that limited the number at risk during
follow-up. As such, this sample may be a more resistant group
to OST development. Similar to our findings, a Framingham Study
analysis (36) determined a higher proportion of women who
developed spondylolisthesis.

We identified some interesting relationships between diabe-
tes mellitus and smoking and the incidence and worsening of
DSN. Smoking has been associated with intervertebral disc dis-
ease in twin studies (37), while other community-based studies
(17–19) have found no significant association with spine degener-
ation. Our study, however, identified that smokers were signifi-
cantly less likely to have incident DSN. It has been suggested
that inadequate statistical control of BMI may be 1 factor that
leads to this inverse association; however, this was not the case
in our study. The inverse association of smoking with DSN is con-
cordant with the inverse association of smoking with knee OA

Table 4. Baseline demographic and clinical characteristics, appen-
dicular joint OA, and lumbar spine degeneration as predictors of inci-
dent and worsening low back pain in Weibull models*

Low back pain
incidence
(n = 509)†

Low back pain
worsening
(n = 652)‡

Demographic characteristics
Women versus men 1.19 (0.79–1.79) 1.35 (0.97–1.87)
African American
versus White

0.66 (0.43–1.01) 0.81 (0.58–1.12)

Age 55–65 versus
<55 years

0.70 (0.26–1.85) 0.68 (0.33–1.43)

Age 65+ versus
<55 years

0.55 (0.20–1.50) 0.66 (0.31–1.42)

Clinical characteristics
Obesity 1.75 (1.19–2.56)§ 1.51 (1.12–2.06)§
Diabetes mellitus 0.68 (0.40–1.16) 0.92 (0.64–1.32)
High blood pressure 1.33 (0.91–1.95) 1.30 (0.96–1.76)
Smoking 0.69 (0.47–1.01) 0.83 (0.62–1.11)
Low back injury 1.85 (0.42–8.10) 2.39 (0.69–8.27)
Mild low back pain
to moderate and
severe

NR 5.35 (3.62–7.92)§

Moderate low back
pain to severe

NR 2.26 (1.55–3.29)§

Appendicular joint OA
Knee 1.40 (0.97–2.02) 1.15 (0.86–1.53)
Hip 1.08 (0.75–1.57) 1.39 (1.04–1.85)§
Hand 1.19 (0.79–1.77) 0.97 (0.71–1.33)

Spine degeneration
OST 1.85 (1.02–3.36)§ 1.58 (1.00–2.49)§
DSN 1.52 (0.99–2.33) 1.11 (0.80–1.53)
Spine OA 1.80 (1.24–2.63)§ 1.27 (0.95–1.70)
FOA 1.06 (0.69–1.63) 1.05 (0.73–1.51)
Spondylolisthesis 1.14 (0.71–1.82) 1.12 (0.78–1.62)

* Values are the hazard ratio (95% confidence interval). Weibull
models include sex, race, age, body mass index, diabetes mellitus,
high blood pressure, smoking, and back injury, as well as knee, hip,
and hand osteoarthritis (OA) predictors simultaneously. DSN = disc
space narrowing; FOA = facet joint OA; NR = not reported (due to
small sample size); OST = osteophytes.
† None to mild or greater.
‡ One-unit change from baseline; excludes severe at baseline.
§ Significant.
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found in many studies (38,39). Self-reported presence of diabe-
tes mellitus was identified as a significant risk factor for worsening
of OST. This may be related to impaired glucose tolerance, which
has been linked to ankylosing hyperostosis in the spine (40).
However, we also identified self-reported diabetes mellitus as
inversely associated with incidence of DSN. We explored any
potential differences between those participants self-reporting
insulin use for diabetes mellitus treatment, based on the study
by Shirinsky et al (41). In this prior study, they found that
medication-treated diabetes mellitus was protective for knee OA
progression. However, we did not identify any significant differ-
ences between these 2 groups. It is possible that other antidia-
betic medications, such as metformin, which has both antioxidant
and antisenolytic effects, might help explain the inverse association
of diabetes mellitus and lumbar spine degeneration. The relation-
ship between diabetes mellitus and DSN does appear to be
focused more in the upper lumbar spine than the lower lumbar
spine. A biologic rationale is not known for the BMI-independent
inverse association of diabetes mellitus and smoking with DSN
but may be related to potential underlying nicotine effects or cellular
mechanisms (39). In addition, theremay be other nonbiological rea-
sons that could explain these findings. We did not adjust our find-
ings for multiple comparisons, and several of these findings are
nearly statistically significant by our established threshold. In addi-
tion, while our models included several potential predictors simulta-
neously, we did not include all potential confounders that might
influence our findings, and therefore we cannot rule out the poten-
tial for residual confounding.

Our study has several strengths but is not without limitations.
Lateral lumbar spine radiographs could lead to nondifferential
misclassification of FOA status, since lateral views may underesti-
mate the occurrence of FOA. However, prevalence estimates of
FOA based on lateral spine radiography (7) are similar to those
previously reported based on computed tomography scans (35).
The JoCo OA Project protocol excluded women of childbearing
age from having lumbar spine radiographs to prevent unneces-
sary radiation exposure; therefore, the results may not be general-
izable to this subgroup. While the average length of follow-up of
5.5 years is ideal for examining degeneration, it limits the exami-
nation of incident and worsening of LBP since it may be quite var-
iable over a long period. We measured the presence and severity
of LBP but not how LBP interfered with daily activity. In addition,
our question for LBP also includes pain, aching, and stiffness,
which may overestimate the true incidence of LBP since stiffness
may be present without pain. We did not include lower back–
specific functional measures or account for previous LBP epi-
sodes, widespread pain, or psychosocial factors that are known
to be associated with incident or progressive LBP (42). Our study
had >40% loss to follow-up of cohort participants, which may limit
generalizability since those lost to follow-up were more likely to be
older and to have a BMI of <30, self-reported diabetes mellitus,
high blood pressure, and appendicular joint OA (knee, hip, and

hand OA). However, the primary reason for loss to follow-up
was participant death. The loss to follow-up we experienced over
this time frame may influence the direction and strength of our
estimates relative to the true population values. This may be the
case for some estimates without clear statistical significance such
as the relationship we identified between DSN and diabetes melli-
tus. In addition, there was a high prevalence of OST and FOA
among participants based upon the average age of the cohort. As
such, future studies should consider cohorts with younger partici-
pants to enhance generalizability.

In conclusion, our study is unique in that it provides estimates
of lumbar spine incidence and worsening of radiographic features
commonly used in clinical practice to examine spine health. The
predictors identified in this study are commonly used in routine
primary care for participants with LBP. The finding that obesity,
existing lumbar spine degeneration, and appendicular hip OA
are predictive of future LBP may assist in the ongoing efforts to
decrease LBP in the community.
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Coexistence of Low Back Pain and Lumbar Kyphosis and the
Association With Increased Functional Disability in Knee
Osteoarthritis: Results From a Population-Based Cohort

Masashi Taniguchi,1 Tome Ikezoe,1 Mitsuhiro Masaki,2 Tsukasa Kamitani,1 Tadao Tsuboyama,3

Hiromu Ito,1 Shuichi Matsuda,1 Yasuharu Tabara,1 Fumihiko Matsuda,1 and Noriaki Ichihashi,1

on behalf of the Nagahama Study Group

Objective. To examine the association of low back pain (LBP) and lumbar kyphosis with functional disabilities and
knee symptoms in patients with knee osteoarthritis (OA).

Methods. We analyzed 586 participants (80.1% female; mean ± SD age 68.8 ± 5.2 years) from the Nagahama
Study who were age ≥60 years and had radiographically confirmed knee OA. The Knee Society Knee Scoring
System (KSS) was used to assess functional disabilities and knee symptoms. LBP was defined as the presence of
any persistent back pain for more than 3 months. Lumbar kyphosis was determined by skin-surface methods using a
computer-aided electronic device called the Spinal Mouse. Multiple linear regression analysis was used for assessing
the association of LBP and lumbar kyphosis with the KSS scores. Subgroup analyses based on sex were also performed.

Results. LBP and lumbar kyphosis were independently associated with a lower KSS function score after adjustment
for covariates (mean difference −4.96 [95% confidence interval (95% CI) –7.56, –2.36] points for LBP alone, mean
difference –4.47 [95% CI –8.51, –0.43] points for lumbar kyphosis alone, and mean difference –13.86 [95% CI –18.86,
–8.86] points for the coexistence of LBP and lumbar kyphosis, respectively). The coexistence of LBP and lumbar kyphosis
in women was associated with a lower KSS symptom score (mean difference –4.49 [95% CI –6.42, –2.55] points).

Conclusion. These findings suggest that both LBP and lumbar kyphosis are useful clinical signals indicating func-
tional disability and knee symptoms in patients with knee OA.

INTRODUCTION

Knee osteoarthritis (OA) is a common musculoskeletal disor-
der and is the leading cause of knee pain and disability (1). A
recent systematic review indicated that a greater burden of
comorbidity was associated with functional disabilities and severe
knee symptoms in patients with knee OA than in those without (2).
In particular, low back pain (LBP) is a major comorbid condition in
patients with knee OA (3). Both knee pain and LBP have potential
deteriorative effects on functional disability (4).

Standing posture with decreased lumbar lordosis (i.e., lumbar

kyphosis) and increased knee flexion are known as the knee-spine

syndrome (5), and lumbar kyphosis is mostly linked to spinal steno-

sis (6). This malalignment may cause not only issues with the spine,

but also knee joint overload via the kinetic chain. In community-

dwelling older adults, age-related kyphosis, especially the lack of

lumbar lordosis, reportedly causes impaired physical function,

including reduced gait speed and quadriceps strength (7). Thus,

increasedmechanical stress of knee and spine joints and its related
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dysfunction may also be associated with functional disabilities in

knee OA. Additionally, previous studies (8,9) reported that degen-

erative changes with decreasing lumbar lordosis and the burden

of restriction in activities were more common in women than in

men. However, sex differences in the association of lumbar kypho-

sis and/or LBP with functional disability and knee symptoms have

not been well investigated in knee OA patients.
Generally, decreased lumbar lordosis is related to the pres-

ence of LBP in middle-aged and older adults (10). In contrast,
Wang et al (11) reported no differences in lumbar lordosis in
patients with knee OA with or without LBP. Decreased lumbar lor-
dosis in patients with kneeOA could be caused by a compensatory
strategy against knee flexion contracture and knee symptoms,
regardless of the presence of LBP. Therefore, we assumed that
LBP and lumbar kyphosis independently contributed to functional
disabilities and severe knee symptoms in patients with knee
OA. However, in recent literature, individual or coexistent associa-
tions of LBP and lumbar kyphosis with functional disabilities and
knee symptoms in patients with knee OA remains unclear.

The primary objective of this study was to determine the
association of LBP and lumbar kyphosis with functional disability
and knee symptoms in patients with knee OA. The secondary
objective was to determine the difference in these associations
between the sexes. We hypothesized that the coexistence of
LBP and lumbar kyphosis could be associated with functional dis-
abilities and worse knee symptoms. We also hypothesized that
those associations were stronger in women than in men. These
findings will provide valuable information for the effective manage-
ment of functional disability and knee symptoms in patients with
knee OA who also have spinal problems.

PATIENTS AND METHODS

Study participants and selection.We analyzed the data
set of the Nagahama Prospective Cohort for Comprehensive
Human Bioscience (Nagahama Study), which was a population-
based cohort. Our study was a cross-sectional analysis of the

baseline measurements obtained between 2013 and 2016 from
the general population of Nagahama City, which comprises
125,000 inhabitants located in a predominantly rural area of the
Shiga Prefecture of central Japan (12). Community residents ages
30–74 years at recruitment, living independently without serious
health problems, were recruited via mass communications in the
local community, such as public-relations magazines and newspa-
pers, and personal solicitations. From a total of 9,850 individuals in
this cohort, we selected those older than 60 years who participated
in the optional physical assessment, which included knee radiogra-
phy and a sagittal spinal alignment evaluation. Among these individ-
uals, we selected participants who had unilateral or bilateral knee
OA on radiographs and could walk for more than 10 meters with
or without a cane, after excluding those who meet the following
exclusion criteria: acute LBP, rheumatoid arthritis, central nervous
system impairments, and surgical history of the herniated interver-
tebral disk, spinal canal stenosis, and other lower-extremity joint
diseases.

All study procedures were approved by the Ethics Commit-
tee of the Kyoto University Graduate School of Medicine and by
the Nagahama Municipal Review Board. The study was con-
ducted in accordance with the principles of the Declaration of Hel-
sinki. Written informed consent for the use of data was obtained
from all participants in the Nagahama Study.

Definition of knee OA. Participants who had unilateral or
bilateral knee OA on radiographs were included in the present
study. The tibiofemoral joints of both knees were evaluated using
weight-bearing anteroposterior radiographs. Two experienced
orthopedists, who were blinded regarding each patient’s clinical
status, evaluated each knee based on the Kellgren/Lawrence
(K/L) grading system, and radiographic knee OA was defined as a
K/L grade of ≥2 (13). If the grades were different between the two
examiners, a third examiner evaluated and determined the final
grade. This study classified the severity of radiographic knee OA
as follows: either knee with a K/L grade of 2, both knees with a
K/L grade of 2, either knee with a K/L grade of 2 and the other
≥3, and both knees with a K/L grade of ≥3.

Knee Society Knee Scoring System (KSS) functions
and symptoms. Self-reported functional disability and knee
symptoms were evaluated using the new KSS scoring system
(Japanese edition, 2011) (14). The 2011 KSS is a self-
administered outcome measurement tool that consists of 4 sub-
categories, of which 2, namely “functional activities” (0–100
points) and “symptoms” (0–25 points), were used in this study.
The functional activities category further consists of 4 compo-
nents, including walking and standing (30 points), standard activ-
ities (30 points), advanced activities (25 points), and discretionary
activities (15 points). The KSS symptom score relies on the
degree of knee pain during walking and going up and down stairs,
and stiffness. For these 2 subcategories, lower scores indicate

SIGNIFICANCE & INNOVATIONS
• Lumbar kyphosis in participants with knee osteoar-

thritis (OA) was associated with functional disabili-
ties in patients with knee OA.

• The coexistence of low back pain (LBP) and lumbar
kyphosis was remarkably associated with functional
disabilities in patients with knee OA.

• The coexistence of LBP and lumbar kyphosis had
adverse associations on knee symptoms in women.

• These findings suggest that both LBP and lumbar
kyphosis are useful clinical signs indicating func-
tional disability and knee symptoms in patients with
knee OA.
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functional disabilities and poorer symptoms. The validity of the
2011 KSS in the Japanese population has previously been estab-
lished (14).

Lumbar lordosis and LBP. Sagittal spinal alignment dur-

ing quiet standing was measured using a Spinal Mouse (Index).

The Spinal Mouse is a computer-aided electronic device that non-

invasively measures intersegmental angles by tracing along the

midline of the spine between the spinous process from C7 to

S3. The measurement of spinal alignment by the Spinal Mouse

has been validated with radiographic measurements, indicating

a high correlation between these measurements for lumbar lordo-

sis angle (r = 0.794) (15). The same examiner performed all mea-

surements of lumbar lordosis angle. The lumbar lordosis angle

was measured using the Spinal Mouse, which demonstrated high

intra-rater reliability (intraclass correlation coefficient: 0.97). The

lumbar lordosis was calculated as the sum of 6 segmental angles

between Th12/L1 and L5/S1, and a negative value indicated lum-

bar kyphosis. Based on 1 SD of mean lumbar lordosis angle (refer-

ence: mean ± SD 13.4 ± 12.4 degrees) reported using the Spinal

Mouse in a previous study (12), lumbar kyphosis was defined in

our study as decreased lumbar lordosis (lumbar lordosis angle

≤1.0 degrees). Assessment test for lumbar lordosis angle was per-

formed thrice, and the mean value was used for the analysis.
The presence of current LBP was identified using the self-

reported questionnaire with the question, “Have you had any
back pain continuously for more than three months until the
present?” We simultaneously obtained information on the

Figure 1. Flow chart for the selection of study participants. OA = osteoarthritis.
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surgical history for any spinal disorders, which was used as part
of the exclusion criteria.

Gait speed.Maximum gait speedwasmeasured using a wire-
less phototube (Brower Timing Systems) as the objective measure of
physical function. The phototube was set at 4 and 10 meters on a
12-meter gait path, and the time taken to walk past the phototube
was measured in 0.01-second units. The participant was instructed
to walk as fast as possible on the gait path. The maximum gait speed
(meters/second) was calculated from the taken-time of the 6-meter
distance.

Covariates. The participants’ body height and weight were
measured to the nearest 0.1 cm and 0.1 kg and converted to
body mass index (BMI; kg/m2). History of diabetes mellitus and
osteoporosis was retrieved from the cohort data. Moreover,
depressive symptomatology in the previous week was evaluated
using the 20-item version of the Center for Epidemiological Stud-
ies Depression Scale (CES-D; range 0–60 points) (16,17). A
higher score indicates a more depressive status, and the pres-
ence of depressive symptoms was defined as a CES-D score of
≥16 points. We used the Japanese version of the CES-D with its
validity previously established in the Japanese population (18).

Statistical analysis. Continuous variables are expressed
as means and SDs and categorical variables as frequencies (%).
Outcome measures and covariates were compared between
women and men using unpaired t-test or chi-square test. To inves-
tigate the associations of lumbar kyphosis with the KSS function
score, KSS symptom score, and gait speed in the total sample,
univariate analysis of variance (ANOVA) was performed. The

adjusted mean difference between the groups was also estimated,
with adjustments for age, BMI, sex, OA severity, and the presence
of LBP, diabetes mellitus, osteoporosis, and depression. Similarly,
a univariate ANOVA was conducted in the subgroups for sex, and
the adjusted mean difference was calculated, adjusting for the
above covariates except for sex. For the KSS scores and gait
speed, 3-way ANOVAs were conducted to assess the interaction
among sex, lumbar kyphosis, and LBP, with adjustments for age,
BMI, OA severity, and the presence of diabetes mellitus, osteopo-
rosis, and depression. Then, we classified the participants into
4 subgroups based on the combinations of LBP and lumbar
kyphosis as follows: the absence of both LBP and lumbar kyphosis
(reference category), LBP alone, lumbar kyphosis alone, and coex-
isting LBP and lumbar kyphosis. A multiple linear regression analy-
sis was conducted using the KSS function score, KSS symptom
score, and gait speed as the dependent variables and the 4 sub-
group categories as the independent variables, with adjustments
for the covariates including age, BMI, sex, OA severity, and the
presence of LBP, diabetes mellitus, osteoporosis, and depression.
As a secondary analysis, multiple linear regression analyses for
each sex were conducted while adjusting for covariates except for
sex. All statistical analyses were performed with SPSS software,
version 25.0. The level of significance was set at a P value of less
than 0.05.

RESULTS

Of a total of 9,850 individuals in this cohort, 5,018 were
age >60 years. Among these, 1,682 participated in the optional
physical assessment. After excluding participants who did notmeet
the inclusion criteria (participants without radiographic-confirmed

Table 1. Clinical characteristics of the participants, stratified by sex*

Total
(n = 586)

Women
(n = 470)

Men
(n = 116) P 95% CI

KSS function (0–100 points) 84.8 ± 16.2 84.5 ± 16.5 86.1 ± 15.1 0.361 −4.84, 1.76
KSS symptom (0–25 points) 19.8 ± 5.6 19.9 ± 5.5 19.2 ± 6.1 0.235 0.45, 1.84
Gait speed, meters/second 1.6 ± 0.2 1.6 ± 0.2 1.7 ± 0.3 0.123 −0.09, 0.01
Lumbar lordosis, degrees 13.1 ± 13.1 13.6 ± 13.6 11.0 ± 10.9 0.049† −5.34, −0.01†
LBP, no. (%) 195 (34.3) 156 (33.2) 39 (33.6) 0.93 0.66, 1.57
Age, years 68.8 ± 5.2 68.5 ± 5.1 70.2 ± 5.3 0.002† −2.74, −0.63†
BMI, kg/m2 23.0 ± 3.3 22.8 ± 3.3 23.9 ± 3.3 0.001† −1.78, −0.46†
OA severity, no. (%)
Either knee with K/L grade 2 171 (29.2) 127 (27.0) 44 (37.9) 0.197 0.69, 1.08
Both knees with K/L grade 2 290 (49.5) 243 (51.7) 47 (40.5) – –

Either knee with K/L grade 2
and the other ≥3

44 (7.5) 33 (7.0) 11 (9.5) – –

Both knees with K/L
grade ≥3

81 (13.8) 67 (14.3) 14 (12.1) – –

Diabetes mellitus, no. (%) 62 (10.6) 43 (9.1) 19 (16.4) 0.023† 1.09, 3.49†
Osteoporosis, no. (%) 99 (17.4) 98 (20.9) 1 (0.8) <0.001† 0.01, 0.24†
Depression, no. (%) 159 (28.0) 128 (27.2) 31 (26.7) 0.912 0.62, 1.54

* Values are the mean ± SD unless otherwise indicated. Sex differences in outcomemeasures and covariates were
tested using unpaired t-test or chi-square test. 95% CI = 95% confidence interval; BMI = body mass index;
K/L = Kellgren/Lawrence; KSS = Knee Society Knee Scoring System; LBP = low back pain; OA = osteoarthritis.
† Significant.
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knee OA, n = 983; participants who could not walk for more than
10 meters, n = 113), 586 participants with radiographic knee OA
were included in the analysis (Figure 1). The clinical characteristics

of those included are summarized in Table 1. The mean age was
68.8 ± 5.2 years (range 60–81 years), and women accounted
for 80.1% of the included participants with knee OA. There were

Table 2. Clinical characteristics of subgroups classified by the absence or presence of low back pain (LBP) and lumbar kyphosis (LK)*

Women Men

Absence of
LBP and LK
(n = 273)

LBP
alone

(n = 127)

LK
alone
(n = 41)

Both LBP
and LK
(n = 29)

Absence of
LBP and LK
(n = 66)

LBP
alone
(n = 34)

LK
alone
(n = 11)

Both LBP
and LK
(n = 5)

KSS function
(0–100 points)

87.6 ± 15.1 81.8 ± 16.1 82.7 ± 17.2 69.7 ± 19.5 89.8 ± 10.6 82.6 ± 18.3 83.7 ± 14.6 65.4 ± 24.3

KSS symptom (0–25 points) 20.8 ± 5.1 18.7 ± 5.5 20.8 ± 5.0 15.2 ± 6.3 19.8 ± 5.5 18.6 ± 6.6 17.8 ± 6.5 19.6 ± 9.1
Gait speed, meters/second 1.7 ± 0.2 1.6 ± 0.2 1.6 ± 0.2 1.5 ± 0.2 1.7 ± 0.3 1.6 ± 0.3 1.7 ± 0.2 1.6 ± 0.4
Age, years 67.6 ± 4.9 68.5 ± 4.9 70.7 ± 5.2 73.7 ± 4.9 70.0 ± 5.5 70.2 ± 5.0 70.7 ± 5.8 71.2 ± 6.5
BMI, kg/m2 22.9 ± 3.4 22.8 ± 3.1 22.5 ± 3.2 22.5 ± 2.8 23.6 ± 2.8 24.3 ± 3.7 24.1 ± 3.9 26.2 ± 4.4
OA severity, no. (%)
Either knee with K/L grade 2 75 (27.5) 31 (24.4) 15 (36.6) 6 (20.7) 25 (37.9) 13 (38.2) 5 (45.5) 1 (20.0)
Both knees with K/L grade 2 141 (51.6) 71 (55.9) 17 (41.5) 14 (48.3) 27 (40.9) 13 (38.2) 5 (45.5) 2 (40.0)
Either knee with K/L grade 2
and the other ≥3

20 (7.3) 11 (8.7) 2 (4.9) 0 (0) 7 (10.6) 4 (11.8) 0 (0) 0 (0)

Both knees with K/L
grade ≥3

37 (13.6) 14 (11.0) 7 (17.1) 9 (31.0) 7 (10.6) 4 (11.8) 1 (9.1) 2 (40.0)

Diabetes mellitus, no. (%) 25 (9.2) 13 (10.2) 3 (7.3) 2 (6.9) 14 (21.2) 4 (11.8) 1 (9.1) 0 (0)
Osteoporosis, no. (%) 37 (13.6) 39 (30.7) 11 (26.8) 11 (37.9) 1 (1.5) 0 (0) 0 (0) 0 (0)
Depression, no. (%) 68 (24.9) 40 (31.5) 9 (22.0) 11 (37.9) 17 (25.8) 8 (23.5) 4 (36.4) 2 (40.0)

* Values are the mean ± SD unless otherwise indicated. Outcome measures and physical characteristics in each subgroup based on the com-
binations of LBP and LK are represented. BMI = body mass index; K/L = Kellgren/Lawrence; KSS = Knee Society Knee Scoring System;
OA = osteoarthritis.

Table 3. Differences in functional disabilities and symptoms between participants with and without lumbar
kyphosis (LK)*

Without LK,
mean ± SD

With LK,
mean ± SD F P

With LK vs. without LK, adjusted
mean difference (95% CI)

Total sample
(n = 500 without LK,
n = 86 with LK)

KSS function
(0–100 points)

86.1 ± 15.3 77.4 ± 19.1 13.95 <0.001† −6.14 (−9.36, −2.91)†

KSS symptom
(0–25 points)

20.0 ± 5.5 18.5 ± 6.4 2.24 0.135 −0.90 (−2.08, 0.28)

Gait speed,
meters/second

1.7 ± 0.2 1.6 ± 0.2 5.32 0.021† −0.06 (−0.11, −0.01)†

Women (n = 400 without
LK, n = 70 with LK)

KSS function
(0–100 points)

85.8 ± 15.7 77.3 ± 19.2 11.34 0.001† −6.32 (−10.01, −2.63)†

KSS symptom
(0–25 points)

20.2 ± 5.3 18.5 ± 6.2 2.69 0.102 −1.07 (−2.35, 0.21)

Gait speed,
meters/second

1.7 ± 0.2 1.5 ± 0.2 8.74 0.003† −0.09 (−0.14, −0.03)†

Men (n = 100 without LK,
n = 16 with LK)

KSS function
(0–100 points)

87.4 ± 14.0 78.0 ± 19.4 4.10 0.045† −6.92 (−13.70, −0.15)†

KSS symptom
(0–25 points)

19.4 ± 5.9 18.4 ± 7.2 0.11 0.746 −0.51 (−3.59, 2.58)

Gait speed,
meters/second

1.7 ± 0.3 1.7 ± 0.3 0.00 0.992 0.00 (−0.12, 0.12)

* The adjusted mean differences between participants with and without LK were estimated, with adjustments for
age, bodymass index, sex, osteoarthritis grade, and the presence of low back pain, diabetes mellitus, osteoporosis,
and depression. 95% CI = 95% confidence interval; KSS = Knee Society Knee Scoring System.
† Significant.
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no significant differences between both sexes with respect to the
KSS function and symptom score. However, the lumbar lordosis
angle and comorbidities (diabetes mellitis and osteoporosis) were
higher in women than in men, but women had a lower age and
BMI. The clinical characteristics of the 4 subgroups classified by
the absence or presence of LBP and/or lumbar kyphosis are
shown in Table 2.

Associations between lumbar kyphosis and KSS
scores or gait speed. In total, 86 participants (14.7%) had lum-
bar kyphosis (women: 70 [14.9%]; men: 16 [13.8%]). Although
the KSS symptom score was not significantly different between
the 2 groups, the KSS function scores in those with lumbar
kyphosis were significantly lower than those without lumbar
kyphosis, and the gait speed was significantly slower (Table 3).
The adjusted mean difference in women with lumbar kyphosis
was −6.32 points (95% confidence interval [95% CI] −10.01,
−2.63) against those without lumbar kyphosis, and in men was
−6.92 points (95% CI −13.70, −0.15).

Association of individual or coexisting LBP and
lumbar kyphosis with KSS scores and gait speed. Results
of the 3-way ANOVA showed a significant interaction for the
KSS symptom score (F = 5.315, P = 0.021), but not for the KSS
function score and gait speed (F = 0.070, P = 0.792 and
F = 0.114, P = 0.735, respectively). Associations by multiple linear
regression analysis of the subcategories, stratified by the absence
or presence of LBP and lumbar kyphosis, with KSS scores and
gait speed are shown in Table 4. Multiple linear regression analy-
sis showed that the presence of LBP and lumbar kyphosis in par-
ticipants with knee OA were independently associated with the
KSS function score after adjusting for the covariates (beta = −4.96
[95% CI −7.56, −2.36], P < 0.001; beta = −4.47 [95% CI −8.51,
−0.43], P = 0.030, respectively). LBP coexisting with lumbar
kyphosis was significantly associated with decreased KSS func-
tion scores (beta = −13.86 [95% CI −18.86, −8.86], P < 0.001)
in participants with knee OA.

In addition, LBP alone or LBP coexisting with lumbar kypho-
sis was significantly associated with the KSS symptom score
(beta = −1.72 [95% CI −2.67, −0.77], P < 0.001; beta = −3.43
[95% CI −5.25, −1.60], P < 0.001, respectively). The presence
of LBP in women was associated with a lower KSS symptom
score, after adjustment for covariates (beta = −1.87 [95% CI
−2.90, −0.84], P < 0.001). The coexistence of LBP and lumbar
kyphosis also reinforced the decrease in the KSS symptom score
(beta = −4.49 [95% CI −6.42, −2.55], P < 0.001) in women. In
contrast, these relationships were not confirmed in men.

Moreover, we found that lumbar kyphosis alone, or its coex-
istence with LBP was significantly associated with a slow gait
speed (beta = −0.07 [95% CI −0.13, 0.00], P = 0.046;
beta = −0.08 [95% CI −0.16, 0.00]; P = 0.039, respectively).

DISCUSSION

The primary objective of this study was to determine the
association of lumbar kyphosis and LBP with KSS function and
symptoms in patients with knee OA. Results of the univariate
ANOVA showed that lumbar kyphosis in participants with knee
OA was associated with a reduction of KSS function scores and
slow gait speed, but not with the KSS symptom score. Addition-
ally, the association of the coexistence of LBP and lumbar kypho-
sis with functional disabilities was more remarkable than the
individual association of these factors, which supported our
hypothesis. A secondary objective was to determine the differ-
ence in these associations between the sexes. The coexistence
of LBP and lumbar kyphosis was associated with a lower KSS
symptom score in only women, and hence, this finding partially
supports our secondary hypothesis. To the best of our knowledge,
our study could be the first to determine the associations of both
LBP and lumbar kyphosis with functional disabilities and knee
symptoms in individuals with knee OA.

Concurring with the results of previous reports, which
included community-dwelling older adults (7), our findings indi-
cated that lumbar kyphosis was associated with a reduction of
KSS function score and slow gait speed in patients with knee
OA. In the knee-spine syndrome, a backward-tilting pelvis and
knee-flexed posture produce dysfunction in the antigravity mus-
cles (19). Miyazaki et al (7) have reported that decreased lumbar
lordosis significantly correlated with poor knee extensor strength
and slow gait speed. It is also well known that muscle weakness
in patients with knee OA is one of the important factors causing
functional disabilities (20). Therefore, lumbar kyphosis could
induce muscle weakness and functional disabilities in patients
with knee OA.

In contrast, lumbar kyphosis was not associated with a lower
KSS symptom score in this study. We hypothesized that there is a
significant relationship between lumbar kyphosis and knee symp-
toms because the postural changes caused by knee-spine syn-
drome could lead to increased knee shearing forces (21). One of
the potential factors regarding this disparity could be the individ-
ual differences in compensatory patterns found in sagittal spinal
malalignment. Since the compensatory strategy of the pelvis tilt
in patients with knee OA varies according to the degree of femoral
inclination, i.e., the knee flexion angle (11), this difference may
have canceled the possible relationship between lumbar kyphosis
and knee-related symptoms.

Our results showed no sex differences between lumbar
kyphosis and functional disabilities, and the adjusted mean differ-
ence between participants with lumbar kyphosis and without lum-
bar kyphosis with respect to the KSS function score was nearly
equal in women and men (women: −6.32 points; men: −6.92
points). Similar to the results of a previous report (8), we found a
significant difference in the lumbar lordosis angles between
women and men, but it was quite small. Therefore, although there
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was a small difference between sex in the lumbar lordosis angle,
this difference had minimal effects on functional disabilities.

The results of our study showed the individual association
as well as the coexisting association of LBP and lumbar kypho-
sis in participants with knee OA. A recent systematic review (2)
concluded that the presence of LBP in patients with knee OA
was associated with functional disabilities and severe knee
symptoms; however, its effect size was small. Our study also
showed that the individual association of LBP was small, but
coexisting LBP and lumbar kyphosis was associated with a
remarkable reduction in KSS function scores of 13.86 points.
Given that the minimum clinically important difference for the
KSS on functional activities after total knee arthroplasty was
4.1 points (22), the association of the coexistence of LBP and
lumbar kyphosis with functional activities had a sufficient clinical
impact. Decreased lumbar lordosis was one of the major risk
factors predictive of severe LBP (10); hence, participants with
LBP coexisting with lumbar kyphosis in this study could have
more severe LBP than participants with LBP alone. Additionally,
since patients with spinal stenosis often exhibit a reduced lum-
bar lordosis (6), an accompanying muscle weakness in the lower
extremity may also be associated with functional disabilities (23).
These results suggest the necessity for a therapeutic approach
focusing on LBP and lumbar kyphosis in patients with knee
OA. Based on our findings, both symptom relief for LBP and
back extensor strengthening (24) for preventing deterioration of
lumbar kyphosis is needed for efficient management of func-
tional disabilities in patients with knee OA with respect to the
clinical scenario.

Our results confirmed the association of lower KSS symp-
tom scores with LBP alone, as well as with LBP coexisting with
lumbar kyphosis in only women. Several previous studies
(3,25,26) have reported the association between severe knee
symptoms and LBP in patients with knee OA. One study (27)
suggested that women with LBP have a higher risk of develop-
ing knee pain than men with LBP, implying a sex-related differ-
ence in the association of LBP and knee pain aggravation. In
addition, women with knee-spine syndrome demonstrated a
larger knee flexion angle than did men with the same degree of
lumbar kyphosis (5). Therefore, increased mechanical stress
caused by an increased knee flexion angle, together with LBP,
possibly affected the knee symptoms in women in our study.
Although the pathologic mechanism of the observed sex differ-
ence is unclear, the association between severe knee symptoms
and the coexistence of LBP and lumbar kyphosis needs atten-
tion from a clinical point of view.

This study had several limitations. First, although the sam-
ple size for data analysis in the total sample who had knee OA
was large, the number of men was relatively small when classi-
fied into subgroups. Thus, we could not reach a definite con-
clusion about the association of the coexistence of LBP and
lumbar kyphosis with functional disability and knee symptoms

in men. Second, we did not perform radiographic examinations
for spinal stenosis. In participants who had both knee OA and
spinal stenosis, it should be noted that the effects of these dis-
eases demonstrated mixed functional disabilities since spinal
stenosis is also associated with physical dysfunction (23).
Moreover, there was a lack of information regarding the sever-
ity of LBP. Although the severity of LBP was higher in women
than in age-matched men (28), the present study did not con-
sider this factor. Finally, the cross-sectional design of this
study does not allow us to determine any causal relationship
between LBP and/or lumbar kyphosis and dysfunction in
patients with knee OA. Future longitudinal studies are war-
ranted to determine how LBP and/or lumbar kyphosis could
influence functional disability and symptoms in patients with
knee OA.

In conclusion, the presence of LBP and lumbar kyphosis
are associated with functional disabilities in patients with knee
OA, and the association is more remarkable in patients who
had both LBP and lumbar kyphosis. In addition, the coexistence
of LBP and lumbar kyphosis had adverse associations on knee
symptoms in women. These findings suggest that both LBP
and lumbar kyphosis are useful clinical signs indicating func-
tional disability and knee symptoms in patients with knee OA.
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Effectiveness of Nonsurgical Interventions for Hallux Valgus:
A Systematic Review and Meta-Analysis

Sheree E. Hurn,1 Barry G. Matthews,2 Shannon E. Munteanu,3 and Hylton B. Menz3

Objective. To conduct a systematic review and meta-analysis investigating the effectiveness of nonsurgical
interventions for hallux valgus (HV).

Methods. Medline, CINAHL, Embase, and the Cochrane Library were searched to April 2020, including parallel-
group and crossover studies investigating nonsurgical interventions for HV. Two reviewers independently screened
articles for inclusion, extracted data, determined risk of bias, and made assessments using the Grading of Recommen-
dations, Assessment, Development, and Evaluation methodology. Risk of bias was assessed using version 2 of the
Cochrane risk-of-bias tool. Effect sizes (mean differences or risk ratios, and 95% confidence intervals) were
calculated and pooled where possible for the primary outcomes, foot pain, and HV angle.

Results. Eighteen included studies investigated a wide range of nonsurgical interventions for HV. Most studies had
small sample sizes and concerns regarding risk of bias. Five separate meta-analyses for foot orthoses, splints, manual
therapy, and taping added to foot exercises showed no significant effects on primary outcomes. However, results from
8 studies showed a significant pain reduction with the use of foot orthoses, night splints, dynamic splints, manual ther-
apy, taping added to foot exercises, a multifaceted physical therapy program, and Botox injections. Four studies
reported a clinically significant reduction in HV angle with night splints, foot exercises, multifaceted physical therapy,
and Botox injections.

Conclusion. There is a low level of certainty surrounding the effectiveness of nonsurgical interventions for HV, but a
reduction in pain appears more likely than improvement in HV angle.

INTRODUCTION

Hallux valgus (HV) is a progressive and disabling foot defor-

mity in which the hallux deviates laterally toward the lesser toes,

disrupting the alignment of the first metatarsophalangeal (MTP)

joint. HV is prevalent and estimated to affect 23% of adults ages

18–65 years and 36% of adults age >65 years (1). HV is associ-

ated with both degenerative and inflammatory arthritic conditions.

In older adults, a higher frequency of osteoarthritic change in the

first MTP joint is associated with increasing HV severity (2). Fur-

thermore, HV is a common finding in rheumatoid arthritis (RA),

with research linking HV to painful plantar callosities in the forefoot

in RA (3).
As the first MTP joint becomes progressively subluxed, foot

function is disturbed, leading to postural instability (4,5) and an

increased risk of falls in older adults (6,7). People with HV

compared to controls experience more disabling foot pain, diffi-

culty with footwear, and concerns about appearance (8), which

may lead them to seek corrective orthopedic surgery. HV correc-

tion procedures are among the top 10 most common foot and

ankle procedures performed by foot and ankle surgeons in the

US, causing an estimated economic burden of 325.1 million US

dollars in 2011 (9).
Conservative treatment is recommended prior to surgical

intervention, and a range of nonsurgical interventions is available,

including change in footwear, foot orthoses, various types of toe

splints, joint mobilization, taping, and stretching or strengthening

exercises (10). However, the effectiveness of nonsurgical inter-

ventions for HV is uncertain. A systematic review published in

2014 (11) identified 2 randomized trials investigating foot orthoses

for HV, but other conservative interventions had not been evalu-

ated. Therefore, the aim of this study was to conduct an updated
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systematic review of the literature surrounding nonsurgical inter-

ventions for HV.

MATERIALS AND METHODS

Review registration and search strategy. This review
was registered with PROSPERO (CRD42019111711) and fol-
lowed the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines (12). A systematic search strategy was
developed using Medline, CINAHL, Embase, and the Cochrane
Library. Two strings of search terms were developed, including
medical subject heading (MeSH) terms, key words, and syno-
nyms: 1) “hallux valgus” or “bunion” and 2) “intervention” or
“treatment” or “therapy” or “management” or “effects.” Trunca-
tion, proximity, and Boolean operators were used as appropriate,
and limiters applied for human studies and English language (see
Supplementary Appendix A, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24603). The first search was conducted without date restric-
tion up to January 2019. An updated search was conducted in
April 2020, with date restrictions from January 2018 to April
2020. In addition to the electronic database search, reference lists
of included studies and systematic literature reviews were hand-
searched, and 1 expert in the field independent to the research
team was consulted. Duplicates were removed using Endnote
X8 (2019 search) and Covidence (2020 search).

Study inclusion. Predetermined inclusion criteria were
based on the PICO framework (Population, Intervention, Compar-
ison, Outcome), where: P = population of human participants
diagnosed with HV (clinical or radiographic diagnosis); I = any
nonsurgical intervention aiming to improve outcomes in HV;
C = any other comparative treatment or no treatment (e.g., wait-
list or placebo); O = any measure of treatment effects, including
self-reported pain and function, or quantitative measures involv-
ing the foot. The following study designs were considered for
inclusion, based on the Australian National Health and Medical
Research Council Hierarchy of Evidence levels II to III: randomized
controlled trials, pseudo-randomized controlled trials, and

comparative studies with and without concurrent controls (includ-
ing crossover studies) (13). Crossover trials were considered
appropriate since HV is a relatively stable, chronic condition, and
nonsurgical interventions are expected to have temporary effects.
Exclusion criteria included populations with recent foot surgery or
major trauma. Two reviewers (SEH and BGM) screened all titles
and abstracts for potential relevance, warranting full-text retrieval.
The same 2 reviewers performed full-text review using Covidence,
and reasons for exclusion were noted. Figure 1 outlines a flow
chart of study selection.

Data extraction. Data extraction was performed by
2 reviewers (SEH and BGM) independently, using a review tem-
plate created in Covidence. If >1 published manuscript described
the same study, these were treated as a single study for the pur-
pose of data extraction. Details about experimental and compari-
son interventions or placebo were extracted using the Template
for Intervention Description and Replication framework (14). For
the purpose of combining similar interventions, the following
broad definitions were used: foot orthoses (shoe inserts designed
to provide arch support), night splints (any corrective device for
hallux alignment worn at rest), dynamic splints (any corrective
device for hallux alignment worn during activities of daily living),
manual therapy (any type of foot mobilization or manipulation),
and foot exercises (strengthening exercises targeting the intrinsic
foot muscles). Primary outcome measures for this review were
HV angle and self-reported pain. If >1 measure of pain was used,
visual analog scales (VAS) or numeric rating scales (NRS) were
chosen over other pain questionnaires, resting pain was chosen
before walking pain, and average pain was chosen over maxi-
mum pain. Means ± SDs and sample size for experimental and
control groups were extracted for all outcome measures at base-
line and the following periods of follow-up: short-term
(≤3 months); intermediate (>3 months and <12 months); and
long-term (≥12 months). If 2 follow-up assessments were com-
pleted within 1 of the defined time points, the longer follow-up
period was selected.

Risk-of-bias assessment. Assessment of risk of bias was
performed independently by 2 reviewers (SEH and BGM) using
version 2 of the Cochrane risk-of-bias tool for randomized trials
(RoB 2) (15). The RoB 2 assesses the risk of bias across
5 domains, and calls for an assessor judgment on the level of bias
within each domain and for the outcome estimate overall (low
risk = low risk of bias for all domains; some concerns = some con-
cerns for at least 1 domain, and not high risk for any domain; high
risk = high risk of bias in at least 1 domain). For crossover study
designs, signaling questions from the archived version of RoB
2 for crossover trials were used to inform judgments for the
second (deviations from intended interventions) and third (missing
outcome data) domains. Reviewers used the Microsoft Excel
tool to implement RoB 2 (available at www.riskofbias.info) (15).

SIGNIFICANCE & INNOVATIONS
• This systematic review and meta-analysis provides

an up-to-date synthesis of clinical trials investigat-
ing nonsurgical interventions for hallux valgus (HV).

• A wide range of nonsurgical interventions has been
tested in trials for HV, with very low to moderate
certainty regarding effectiveness.

• Results indicate that nonsurgical interventions are
unlikely to improve HV angle.

• Nonsurgical interventions may improve pain out-
comes in the short to intermediate term.
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If consensus could not be reached, other authors (SEM and HBM)
were consulted to achieve consensus.

Data synthesis and analysis. In studies where bilateral
measures were taken (e.g., HV angle) and extracted means ±
SDs represented feet rather than participants, the bilateral mea-
sures were treated as clustered data and the following additional
information was collated: the number of clusters (participants),
the average size of each cluster (e.g., 2 feet), and a conservative
estimate of the intracluster correlation coefficient was predeter-
mined to be 0.05. The following formula was then applied to deter-
mine the effective sample size: 1 + (M–1) × ICC, where M is the
average cluster size and ICC is the intracluster correlation

coefficient (16). For crossover study designs, within-person differ-
ences were extracted if possible (mean ± SD) for paired analysis (17).

All extracted data were imported from Covidence into
Review Manager 5.3 for analysis (18). For continuous outcomes,
mean differences and 95% confidence intervals (95% CIs) were
calculated using an inverse variance method and random-effects
model. We expected that most studies would report pain on a
100-point scale with a direction of lower = better. Where pain out-
comes were reported on a 10-point scale, data were multiplied by
10 to convert to a 100-point scale. Where the direction of a pain
scale was higher = better, data were converted to negative values
so that the direction of mean differences would align across stud-
ies. Categorical variables were converted into dichotomous data
based on a consensus approach, and risk ratios and 95% CIs

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow chart of study selection.
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were calculated using an inverse variance method and random-
effects model. Meta-analysis was performed where possible,
whenever studies had a similar type of intervention and compara-
tor, and had reported 1 of the same primary outcomes (HV angle
or pain). Subgroup analysis by study population (adult versus
juvenile HV) was considered if possible, based on the included
studies.

Certainty of the evidence was assessed using the Grading of
Recommendations, Assessment, Development, and Evaluation
(GRADE) approach (19). Two authors (SEH and BGM)

independently conducted the GRADE assessments using the
online GRADEpro tool (available at www.gradepro.org) (19), and
other authors (SEM and HBM) were contacted if required to
achieve consensus. GRADE considerations included risk of bias,
inconsistency, imprecision, indirectness, and publication bias.
When considering imprecision of effect size estimates and CIs, a
clinically important effect for HV angle was considered to be a
mean difference of ≥2.5 degrees based on published minimum
detectable change values (20), and a clinically important effect
for pain was considered to be a mean difference of ≥10 points

Figure 2. Summary of risk-of-bias assessment (using version 2 of the Cochrane risk-of-bias tool for randomized trials). FAOS = Foot and Ankle
Outcomes Scale; FFI = Foot Function Index; HV = hallux valgus; NRS = numeric rating scale; VAS = visual analog scale.
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Table 2. Summary of findings with GRADE certainty of the evidence*

Outcomes
Mean difference (95% confidence interval) between

groups at follow-up

Total
participants/
studies (refs.)

GRADE
certainty of
the evidence

Orthoses compared to control
HV angle assessed with radiograph
(degrees); follow-up long-term

No statistically significant difference; the mean HV angle in the
orthoses group was on average 1.87 degrees higher (−0.32,
4.06) compared to control at follow-up

214/2 (35,39) ⊕⊕⊝⊝ low†

Pain assessed with VAS (0–100
scale); follow-up intermediate-
and long-term

At intermediate follow-up, mean pain score was 9 points lower
(−16.8, −1.2) on a 100-point pain scale in the orthoses group, but
there was no difference between groups at long-term follow-up

138/1 (41) ⊕⊕⊕⊝
moderate‡

Orthoses compared to surgery
Pain assessed with VAS (0–100
scale); follow-up intermediate-
and long-term

At intermediate follow-up, mean pain score was 10 points higher
(2.2, 17.8) in the orthoses group compared to surgery; at long-
term follow-up, mean pain score was 17 points higher (9.4, 24.6)
in the orthoses group compared to surgery

140/1 (41) ⊕⊕⊕⊝
moderate‡

Night splints compared to control
HV angle assessed with

radiographs (degrees); follow-up
short- and long-term

No statistically significant difference; the mean HV angle in the
night splints group was on average 0.3 degrees (−3.4, 2.8) lower

207/3
(31,32,38)

⊕⊕⊝⊝ low§

Pain assessed with NRS or FAOS
(0–100 scale); follow-up short-
and long-term

No statistically significant difference; the mean pain score in the
night splints group was on average 7.2 points lower (−16.3, 1.9)
compared to control

160/2 (32,38) ⊕⊕⊝⊝ low†

Dynamic splints compared to night
splints

HV angle assessed with radiograph
or goniometer (degrees); follow-
up short-term

No statistically significant difference; the mean HV angle was 0.3 to
1.2 degrees higher in the dynamic splints group compared to
night splints

106/2 (37,40) ⊕⊕⊝⊝ low¶

Pain assessed with VAS or FAOS
(0–100 scale); follow-up
short-term

Inconsistent study results; 1 study reported pain scores 13.4
points lower (−22.3, −4.5), and another study reported pain
scores 1.6 points higher in the dynamic splints group (−6.0, 9.2)

78/2 (37,40) ⊕⊝⊝⊝ very
low#

Manual therapy compared to
placebo

Pain assessed with NRS (0–100
scale); follow-up short-term

No statistically significant difference; the mean pain score in the
manual therapy group was on average 13.5 points lower (−51.7,
24.8) compared to placebo

120/2 (29,30) ⊕⊝⊝⊝ very
low**

Manual therapy compared to night
splints

Pain assessed with VAS (0–100
scale); follow-up short-term

The mean pain score in the manual therapy group was 18.3 points
lower (−26.0, −10.8) compared to night splints

30/1 (34) ⊕⊝⊝⊝ very
low††

Foot exercises and dynamic splints
compared to dynamic splints

HV angle assessed with
radiographs; follow-up
short-term

The mean HV angle was 3.8 degrees lower (−6.6, −1.0) in the
exercise group compared to control

24/1 (36) ⊕⊝⊝⊝ very
low††

Taping and foot exercises compared
to foot exercises alone

HV angle assessed with radiograph
or goniometer; follow-up
short-term

No statistically significant difference; the mean HV angle was 0.6
degrees lower (−2.5, 1.2) in the taping and exercise group
compared to exercise alone

54/2 (28,33) ⊕⊝⊝⊝ very
low‡‡

Pain assessed with VAS (0–100
scale); follow-up short-term

The mean pain score was 18.8 points lower (−30.6, 7.0) in the
taping and exercise group compared to exercise alone.

20/1 (28) ⊕⊝⊝⊝ very
low§§

Multifaceted physical therapy
compared to control

HV angle assessed with
radiographs; follow-up
short- and long-term

The mean HV angle was 8.1 degrees lower (−9.8, 6.5) compared to
control at short-term follow-up and 7.1 degrees lower (−8.5,
−5.7) compared to control at long-term follow-up

56/1 (27) ⊕⊕⊝⊝ low¶¶

Pain assessed with VAS (0–100
scale); follow-up short- and
long-term

The mean pain score was 30 points lower (−36.1, 23.9) compared
to control at short-term follow-up and 35 points lower (−41.1,
−28.9) compared to control at long-term follow-up

56/1 (27) ⊕⊕⊝⊝ low¶¶

Botox injections compared to saline
injections

HV angle assessed with
radiographs; follow-up
short-term

The mean HV angle was 4.4 degrees lower (−5.8, 3.0) in the Botox
group compared to placebo (saline)

26/1 (43) ⊕⊕⊕⊝
moderate‡

(Continued)
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(21–23). When considering inconsistency of effects, forest plots
were visually inspected and heterogeneity was assessed using
the I2 statistic. Considerable heterogeneity was considered to be
indicated by an I2 value >75% (24). Publication bias was assessed
via visual inspection of funnel plots, with SE plotted against effect
sizes for primary outcomes. For each intervention category, con-
ference abstracts and trial registrations were reviewed and com-
pared to published trials.

RESULTS

Search. The database search yielded a total of 7,781
records, and after removal of 3,246 duplicates, 4,535 records
remained. Reference list searches revealed another 14 potentially
relevant records, and expert consultation also noted 1 of these
studies. Thus, a total of 4,549 records were screened. After title
and abstract screening, 4,450 studies were determined to be inel-
igible, and 3 articles could not be sourced via library services or
direct contact with authors. Full text was reviewed against inclusion
criteria for 96 studies, and exclusion reasons noted (Figure 1).
Twenty articles (18 unique studies) met eligibility criteria. Two stud-
ies did not report sufficient data for quantitative analysis, and the
required data could not be sourced after contacting the authors
(25,26). Therefore, 16 unique studies were included in the meta-
analysis and risk-of-bias assessment (27–43).

Included studies. Table 1 summarizes selected character-
istics of 18 included studies. Studies were conducted in 11 coun-
tries, including Egypt, Finland, Germany, Iran, the Republic of
Korea, South Africa, Spain, Taiwan, Thailand, Turkey, and the
UK. Seventeen studies used parallel-group experimental designs,
and 1 crossover study was included (37). A total of 1,026 partici-
pantswere included (95men and 841women, based on 16 studies
reporting sex). Sample sizes ranged from 16 to 209 participants,
with only 4 studies having a sample size larger than 60 participants

(32,35,38,41). Seven studies recruited patients with HV from outpa-
tient clinics (26,27,31,32,34,38,41), 6 studies used convenience
sampling (29,30,33,35,37,40), 1 study reported a combination (39),
and 4 studies did not report their recruitment methods
(25,28,36,43). Fourteen studies confirmed a diagnosis of HV using
radiographs (26,27,29,31–36,38–41,43). Chronic conditions (such
as RA) were not considered to be an exclusion criterion, but no eligi-
ble studies were found that focused on these populations. Follow-up
periods ranged from 3 weeks to 3 years. Three included studies
investigated the effects of foot orthoses compared to no treatment
(35,39,41), and 1 of these studies included a third study group that
underwent surgery (41). Six studies investigated the effectiveness
of other devices, including various designs of dynamic splints
(26,37,40) and night splints (31,32,38). Seven studies investigated
physical therapies, including manual therapy (29,30,34), foot exer-
cises (33,36), taping (33), or a combination (27,28,33). One study
investigated intramuscular botulinum toxin type A (Botox) injections
(43), and another study reported the effects of marigold therapy
(Tagetes patula paste with a felt pad) (25).

In addition to the primary outcomes (HV angle or pain), other
physical outcome measures included intermetatarsal angle,
abductor hallucis cross-sectional area, first MTP joint range of
motion, pressure-pain threshold, postural sway, toe grip strength,
and hallux plantarflexion or abduction strength. A wide range of
self-reported outcome scales was used, including VAS and
NRS, the Foot Function Index, the hallux-metatarsophalangeal
scale of the American Orthopaedic Foot and Ankle Society, the
Foot and Ankle Outcome Scale, and the Quality of Life Scale.
Two categorical variables reported by 1 study (41) were con-
verted into dichotomous data for extraction and analysis (foot-
wear problems: none = no, and moderate/severe = yes; global
foot assessment: better = yes, and as good as/worse = no).

Risk of bias.Results of the risk-of-bias assessment are out-
lined in Figure 2. The most common domains raising serious

Table 2. (Cont’d)

Outcomes
Mean difference (95% confidence interval) between

groups at follow-up

Total
participants/
studies (refs.)

GRADE
certainty of
the evidence

Pain assessed with FFI pain
subscale (0–100 scale); follow-up
short-term

Themean pain score was 12.6 points lower (−16.1, 9.1) in the Botox
group compared to placebo (saline)

26/1 (43) ⊕⊕⊕⊝
moderate‡

* FAOS = Foot and Ankle Outcomes Scale; FFI = Foot Function Index; GRADE = Grading of Recommendations, Assessment, Development, and
Evaluation; HV = hallux valgus; NRS = numeric rating scale; VAS = visual analog scale.
† Downgraded 1 level due to imprecision and risk of bias.
‡ Downgraded due to imprecision.
§ Downgraded due to imprecision and inconsistency.
¶ Downgraded 2 levels due to risk of bias.
# Downgraded due to imprecision and inconsistency, and downgraded 2 levels due to risk of bias.
** Downgraded 1 level due to risk of bias, imprecision, inconsistency, and publication bias.
†† Downgraded 1 level due to risk of bias, imprecision, and publication bias.
‡‡ Downgraded 2 levels due to risk of bias and publication bias.
§§ Downgraded 2 levels due to risk of bias and due to publication bias and imprecision.
¶¶ Downgraded 1 level due to risk of bias and publication bias.
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concerns were deviations from intended intervention, where
5 studies (31%) (28–30,33,40) did not report adherence, and
missing outcome data, where 5 studies (31%) (28–30,33,40) did
not report how many participants were included in the final analy-
sis and/or there was unclear reporting of study dropouts. Only
3 studies (19%) had a registered clinical trial protocol (32,38,43).
No studies had a prespecified statistical analysis plan with suffi-
cient detail, and thus all studies were judged as having at least
“some concerns” in the fifth domain of “selection of the reported
result.”

Visual inspection of funnel plots by intervention category
revealed asymmetry in the funnel plot for physical therapies, indi-
cating bias toward publication of studies showing a positive effect
of the experimental intervention. Therefore publication bias was
strongly suspected and was considered a factor in the GRADE
assessment.

Effectiveness of nonsurgical interventions. Table 2
shows a summary of findings and GRADE certainty of the

evidence across 10 comparisons for the primary outcomes. For-
est plots in Figures 3 and 4 display individual study results (mean
differences and 95%CIs) at different follow-up points for HV angle
(Figure 3) and pain (Figure 4). For both primary outcomes, lower
values indicate improvement, and therefore negative effect sizes
demonstrate an effect in favor of the experimental intervention
compared to the control group or comparison intervention. The
crossover trial (37) did not provide sufficient statistical information
for a paired analysis, thus the post-intervention mean was taken
from each period and analyzed in a similar manner to parallel-
group trials. This approach was considered preferable to exclud-
ing the trial, but it was not considered appropriate for inclusion in
meta-analysis (16). Meta-analyses were performed for foot ortho-
ses versus control (HV angle) (35,39), night splints versus control
(HV angle and pain) (31,32,38), manual therapy versus placebo
(pain) (29,30), and taping and foot exercises versus foot exercises
(HV angle) (28,33). None of these meta-analyses showed signifi-
cant differences between groups following intervention. However,
significantly reduced HV angles were reported by 4 of 12 studies

Figure 3. Forest plot showing individual study-effect estimates and meta-analyses for hallux valgus angle. 95% CI = 95% confidence interval;
DS = dynamic splints; FE = foot exercises; MD = mean difference; NS = night splints. * = meta-analysis based on 3 studies (Plaass et al, 2020
[38], Chadchavalpanichaya and Chueluecha, 2011 [31], and Chadchavalpanichaya et al, 2018 long-term [32]).
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that measured this outcome (27,32,36,43), and significantly
reduced pain scores were reported by 8 of 11 studies that mea-
sured this outcome (27–29,34,38,40,41,43). Significant effects
in favor of the experimental intervention were found across stud-
ies involving convenience samples (29,40), those recruited from
outpatient clinics (27,32,34,38,41), samples of young adults
(36,40), older adults (32), and mixed ages (27,29,34,38,41,43)
(Table 1). A subgroup analysis of treatment effects according to
age of study population could not be performed due to the lack
of studies in juvenile populations.

Studies reported a wide range of secondary outcome mea-
sures (see Supplementary Table 1, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24603). Self-reported function and satisfaction outcomes
showed similar trends to self-reported pain outcomes. However,
Torkki et al (41,42) reported a unique self-report variable, “footwear
problems,” reporting that those in the foot orthoses group experi-
enced more footwear problems compared to the surgery group.
One study reported that manual therapy increased first MTP joint

range of motion compared to night splints (34). Foot exercises
were shown to increase the cross-sectional area of the abductor
hallucis muscle (36). Participants undertaking a multifaceted physi-
cal therapy program compared to controls showed improvements
in toe grip, hallux plantarflexion, and hallux abduction strength (27).

DISCUSSION

This systematic review and meta-analysis aimed to synthe-
size the current state of the evidence for effectiveness of nonsur-
gical treatments for HV. Overall, results indicate a low level of
certainty surrounding the effectiveness of nonsurgical interven-
tions for HV, but reduction in pain appears more likely than
improvement in HV angle. This synthesis will aid clinicians in
evidence-based decision-making, given the vast range of nonsur-
gical treatments available for HV.

Meta-analyses showed that foot orthoses do not improve HV
angle, and splints do not improve either HV angle or pain. Other

Figure 4. Forest plot showing individual study-effect estimates and meta-analyses for foot pain. 95% CI = 95% confidence interval;
DS = dynamic splints; FE = foot exercises; MD = mean difference; NS = night splints. * = meta-analysis based on 2 studies (Plaass et al, 2020
[38] and Chadchavalpanichaya et al, 2018 long-term [32]).
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meta-analyses showed no significant short-term pain reduction
with manual therapy, and no significant improvement in HV angle
when taping was added to foot exercises. However, results from
8 studies showed significant pain reduction with foot orthoses
(41), night splints (38), dynamic splints (40), manual therapy
(29,34), taping added to foot exercises (28), multifaceted physical
therapy (27), and Botox injections (43). Differences between
groups at follow-up were clinically significant in each of these
studies, with the exception of foot orthoses (41). A clinically signif-
icant reduction in HV angle was reported by 4 studies using night
splints (32), foot exercises (36), multifaceted physical therapy (27),
and Botox injections (43).

Conflicting results may be explained by the diversity of non-
surgical interventions employed, for example different types of
splints, manual therapy techniques, or foot exercises. Study sam-
ples differed in terms of recruitment method, and a sample of
patients seeking treatment for symptomatic moderate-to-severe
HV may respond differently compared to a convenience sample
of young adults or those with mild HV. Results should be inter-
preted in light of study characteristics outlined in Table 1.

This analysis builds on a previous systematic review of 2 ran-
domized trials published in 2014 (11) by employing broader inclu-
sion criteria and including 7 new studies published since 2014.
This synthesis will inform patient-centered management for HV,
including setting expectations for outcomes that are likely to be
modifiable. While HV angle may not change significantly, pain is
a potentially modifiable outcome, with other outcomes such as
range of motion and muscle strength also potential indicators of
improvement. Multifaceted interventions should be considered,
incorporating a combination of footwear advice, foot orthoses,
manual therapy, exercises, or Botox injections, depending upon
examiner experience and patient preference, which are important
pillars of evidence-based medicine, along with the best available
evidence from the literature (44).

Limitations of this review should be considered when inter-
preting the findings. First, the search was limited to studies pub-
lished in English, and despite this search filter, a small number of
studies were found published in other languages and thus were
excluded (45–48). Systematic bias is unlikely to be introduced by
English-language restriction, but inclusion of more studies may
have improved precision (49). The issue of publication bias must
also be considered, as this bias was strongly suspected in the
physical therapies. This review did include gray literature wherever
possible, with 1 included thesis (30), but 2 other theses were
unable to be sourced (50,51). Finally, there was a substantial
amount of statistical heterogeneity across studies combined in
the meta-analyses.

Acknowledging the overall low quality of the studies included
in this review is important, as the low quality reduces the confi-
dence in the reported effects. Many studies had significant risk
of bias due to not reporting adherence, study dropouts, or miss-
ing data. There was poor reporting of group randomization and

sample characteristics, and the high proportion of female partici-
pants may suggest recruitment bias. While participant blinding
was not always possible, blinding of examiners was often unclear
or not performed. Sample sizes were small, leading to imprecision
of effect-size estimates and the potential for type 2 error. Over half
of the studies (10 of 16) used follow-up periods of 3 months or
less, and thus long-term effects were only reported for some
interventions. Finally, investigation of potential harms or adverse
outcomes were not reported, and thus could not be evaluated.

After reviewing the current state of the evidence, some recom-
mendations for future research are presented below. First, several
studies were limited by only measuring HV angle and not reporting
on symptoms or self-reported function. Second, longer follow-up
periods would be advisable, as only 6 studies followed participants
for ≥12months. Third, examining how different populations respond
to interventions would be worthwhile. Only 1 study has been con-
ducted in a juvenile HV population (35), another 3 studies included
young adults (33,36,37), and some studies included both juvenile
and adult patients (26,30). HV severity worsens with increasing age
(1), and some interventions may bemore effective in the early stages
of deformity (10). Future trials should clearly report age and severity
of HV of their participants. Finally, future trials should document
adherence and adverse events to provide insights into the practical-
ity, acceptability, and safety of these interventions.

In conclusion, this review provides guidance to clinicians
regarding nonsurgical options for treatment of HV and provides
recommendations for planning future clinical trials in this area.
There is a very low to low level of certainty around most effect esti-
mates presented, but there is moderate certainty that foot ortho-
ses may reduce pain in the intermediate term, and moderate
certainty that pain and HV angle may improve with Botox injec-
tions. Further high-quality randomized trials with adequate sam-
ple sizes and robust methodology are needed to investigate
nonsurgical treatments for HV given the high cost of surgery to
the health care system (9) and the potential benefits of early inter-
vention (36).
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Risk of Comorbidities Following Physician-Diagnosed Knee
or Hip Osteoarthritis: A Register-Based Cohort Study

Andrea Dell’Isola,1 Kenneth Pihl,1 Aleksandra Turkiewicz,1 Velocity Hughes,1 Weiya Zhang,2

Sita Bierma-Zeinstra,3 Daniel Prieto-Alhambra,4 and Martin Englund1

Objective. To estimate the risk of developing comorbidities in patients after physician-diagnosed knee or hip
osteoarthritis (OA).

Methods. This was a cohort study using Swedish longitudinal health care register data; we studied residents in the
Skåne region age ≥35 years on January 1, 2010 who were free from diagnosed hip or knee OA (n = 548,681). We then
identified subjects with at least 1 new diagnosis of knee or hip OA (incident OA) between 2010 and 2017 (n = 50,942
considered exposed). Subjects without diagnosed OA were considered unexposed. From January 2010 both unex-
posed and exposed subjects were observed for the occurrence of 18 different predefined comorbidities until either
relocation outside of the region, death, occurrence of the comorbidity, or December 2017, whichever came first. We
calculated unadjusted hazard ratios (HRs) and adjusted HRs of comorbidities using Cox models with knee and hip
OA as time-varying exposures.

Results. Subjects with incident knee or hip OA had 7% to 60% higher adjusted HRs (range 1.07–1.60) of depres-
sion, cardiovascular diseases, back pain, and osteoporosis than individuals without an OA diagnosis. An increased risk
of diabetes mellitus was found only for knee OA (adjusted HR 1.19 [95% confidence interval 1.13–1.26]). For the rest of
the diagnoses, we found either no increased risk or estimates with wide confidence intervals, excluding clear interpre-
tations of the direction or size of effects.

Conclusion. Incident physician-diagnosed knee and hip OA is associated with an increased risk of depression, car-
diovascular diseases, back pain, osteoporosis, and diabetes mellitus. However, the latter was only found for knee OA.

INTRODUCTION

Osteoarthritis (OA) is one of the most common chronic con-

ditions and ranks 12th among 359 specific diagnoses contribut-

ing the most to global disability (1). Knee and hip OA are

responsible for the largest burden caused by OA (2) and are asso-

ciated with substantial joint pain and reduced function and quality

of life in populations worldwide (2). Historically, OA has been con-

sidered a joint-specific “wear and tear” degenerative disease;

however, recent research has revealed that it is a complex disor-

der with multiple genetic, constitutional, and environmental risk

factors (3), which may also increase the risk of other chronic con-

ditions. In this regard, a recent systematic review reported a

pooled comorbidity prevalence of 67% in people with OA;

approximately 20% higher than age and sex-matched controls

without OA (4).
Common comorbidities among people with OA include con-

ditions of the cardiovascular, neurologic, endocrine, and psycho-

logical systems (4,5). Several mechanisms may explain these

relations, including obesity and the often reported low-grade

inflammation associated with OA, which is hypothesized to

increase the risk of cardiovascular disease and diabetes mellitus

(6), as well as pain and disability that may limit physical activity,

influencing other risk factors for chronic conditions, e.g., further

weight gain (6). Furthermore, apart from a few studies on cardio-

vascular diseases and diabetes mellitus (7), research on the

association between OA and specific comorbidities has often

been limited to cross-sectional studies (4,5,8), restricting any
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interpretation of the temporal or potentially causal relationship.

New knowledge, taking into account the time sequence between
OA and other comorbidities may be an important initial step to

shed light on any temporality between OA and comorbidities.
Therefore, the main aim of this explorative study was to estimate

the hazard of developing a number of specific comorbidities in
people with incident physician-diagnosed knee or hip OA com-

pared to people without OA using a longitudinal study design.

MATERIALS AND METHODS

Data sources. We conducted a cohort study using data
from 3 registers that comprise the entire population of Skåne,
the southernmost region in Sweden, with approximately 1.23 mil-
lion inhabitants (one-eighth of the Swedish population) in the year
2009. From the Swedish Population Register we retrieved data
on age, sex, residential addresses, and deaths, while individual-
level data on income, education, marital status, and country of
birth were retrieved from the Longitudinal Integration Database
for Health Insurance and Labour Market Studies (LISA by the
Swedish acronym). Last, from the Skåne Healthcare Register
(SHR), we extracted information about diagnoses at any health
care visit. SHR is a regional mandatory register that contains the
publicly practicing physicians’ diagnostic codes according to the
International Statistical Classification of Diseases and Related

Health Problems, Tenth Revision (ICD-10). These codes are
assigned at the time of the health care visit by the physicians
themselves and are automatically transferred to the register from
the electronic medical records. The positive predictive value of a
knee OA diagnosis in SHR has previously been reported to be
88% (9). All data from the different registers were linked through
the coded personal unique identification number that is assigned
to all residents in Sweden by the Swedish Tax Agency. The study
was approved by the Regional Ethical Review Board in Lund,
Sweden, and is reported according to the Strengthening the
Reporting of Observational studies in Epidemiology guideline (10).

Study design, exposures, and outcomes. The cohort
consisted of individuals age ≥35 years on January 1, 2010 who
were residents in the Skåne region between January 1, 1998 and
January 1, 2010. Only people with at least 1 health care visit with
any diagnosis registered during this period (96%of eligible persons)
were included, tominimize potential confounding due to propensity
to seek care. People had to be at risk for both exposures (knee/hip
OA, i.e., individuals were excluded if they had prevalent knee or hip
OA) and for an outcome of interest (one of the 18 comorbidities) on
January 1, 2010, and they were followed up until relocation outside
of the region, death, a diagnosis of the comorbidity of interest, or
December 31, 2017, whichever occurred first.

The exposure of interest was incident physician-diagnosed
knee and hip OA (ICD-10 codes M17 and M16). We defined indi-
viduals as exposed if no diagnosis was recorded between
January 1, 1998 and December 31, 2009 and a new diagnosis
was received between January 1, 2010 and December 31, 2017
(Figure 1). Individuals with both knee and hip OA diagnoses were
classified according to the first diagnostic code they received.
Those with no record of either knee or hip OA diagnosis were
defined as not exposed. The time from the start of follow-up to
the date of the first knee or hip OA diagnosis (index date) was
treated as unexposed, while the time after the OA diagnosis was
treated as exposed (Figure 1).

The outcome of interest was a new diagnosis (ICD-10 code) of
any of the following 18 conditions between January 1, 2010 and
December 31, 2017: depression, Alzheimer’s disease, other
dementia, hypertension, ischemic heart diseases, heart failure,

Figure 1. Study design for incident knee or hip osteoarthritis (OA). Min = minimum.

SIGNIFICANCE & INNOVATIONS
• In this longitudinal study of approximately half a

million Swedish residents, we investigated the tem-
porality between incident knee or hip osteoarthritis
(OA) and comorbidity. We found that people with
incident physician-diagnosed knee or hip OA are at
increased risks of subsequent diagnoses of depres-
sion, cardiovascular diseases, diabetes mellitus,
and back pain.

• Our results highlight the importance of considering
knee and hip OA as clinically relevant and potentially
modifiable risk factors in the prevention of other
chronic conditions, including cardiovascular dis-
eases, diabetes mellitus, depression, and back pain.
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cerebrovascular disease, diabetes mellitus, lung cancer (tracheal,
bronchus, and lung), colorectal cancer, breast (in women only) and
prostate cancer (in men only), fracture to the hip (neck of femur, per-
trochanteric, and subtrochanteric), fracture to the forearm (radius
and ulna), fracture to the ankle (lower end of tibia, andmedial and lat-
eral malleolus), back pain (neck and low back), osteoporosis, and
chronic lower respiratory diseases (chronic obstructive pulmonary
disease, bronchitis, and emphysema) (Table 1). These are among
the most frequent conditions coexisting with OA (4,5,11), the most
common cancer types (12), and themost common fractures among
the elderly (13,14). In the analysis of the incidence of each comorbid-
ity, individuals with a diagnostic code of that specific condition
between January 1, 1998 and December 31, 2009 were excluded
from the calculation of the hazard ratio (HR) for that comorbidity. In
a sensitivity analysis, we analyzed people with prevalent OA, which
was defined as having at least 1 diagnostic code for knee OA (ICD-

10 code M17) or hip OA (M16) in the period between January
1, 1998 and December 31, 2009. In this case, the exposure started
at the beginning of the follow-up time (January 1, 2010).

Confounders. Sex, age, alcohol-related disorders, marital
status, if born in Sweden, residential area, income, education in
years, and comorbidities were considered confounders, as they
can potentially influence both exposure (incident OA) and out-
come (incident comorbidity). For included individuals, information
on income, education, marital status, and country of birth,
as reported in the year 2009, was retrieved from the LISA
register held by Statistics Sweden. We categorized education
according to its length: <10 years, 10–12 years, 13–14 years,
and ≥15 years. Marital status (married/registered partner or other)
and country of birth (Sweden or outside Sweden) were binary,
while income was continuous. Residential area was extracted

Table 1. Descriptive characteristics of the study cohort at start of follow-up (January 1, 2010)*

Characteristic (ICD-10 code)
No OA

(n = 497,739)

Incident
knee OA

(n = 36,465)

Incident
hip OA

(n = 14,477)

Age at beginning of follow-up, mean ± SD years 57.3 ± 14.6 62.2 ± 12.2 65.3 ± 11.7
Women 254,593 (51) 21,553 (59) 8,306 (57)
Married† 350,172 (70) 27,955 (77) 10,937 (76)
Born in Sweden‡ 422,713 (85) 31,292 (86) 12,949 (89)
Education up to 9 years§ 128,738 (26) 11,364 (31) 4,745 (33)
Education, 10–12 years§ 222,147 (45) 16,390 (45) 6,050 (42)
Education, 13–14 years§ 59,950 (12) 3,908 (11) 1,556 (11)
Education ≥15 years§ 83,620 (17) 4,590 (13) 2,065 (14)
Income in 100,000 SEK, median (interquartile range)¶ 2.0 (1.3–2.7) 1.8 (1.3–2.5) 1.7 (1.3–2.5)
Alcohol-related disorders (F10) 11,694 (2) 667 (2) 322 (2)
Depression (F32.0–F33.9) 43,413 (9) 3,554 (10) 1,350 (9)
Alzheimer’s disease (F00.0–F00.9, G30.0–F30.9) 2,425 (0) 91 (0) 30 (0)
Other dementia (F01.0–F03.0, G31.0–G31.1, G31.8–G32.8) 428 (0) 12 (0) 4 (0)
Hypertension (I10.0–I15.9) 99,937 (20) 10,440 (29) 4,569 (32)
Ischemic heart diseases (I20.0–I25.9) 39,246 (8) 3,491 (10) 1,733 (12)
Heart failure (I50.0–I50.9) 17,509 (4) 1,171 (3) 582 (4)
Cerebrovascular disease (I60.0–I69.8) 22,072 (4) 1,550 (4) 780 (5)
Diabetes mellitus (E10.0–E14.9) 34,616 (7) 3,054 (8) 1,255 (9)
Lung cancer (tracheal, bronchus, and lung: C33.0–C34.9) 1,206 (0) 43 (0) 33 (0)
Colorectal cancer (C18.0–C21.8) 2,906 (1) 230 (1) 111 (1)
Breast cancer, women only (C50.0–C50.9) 7,508 (3) 754 (4) 340 (4)
Prostate cancer, men only (C61) 7,634 (3) 644 (4) 351 (6)
Hip fracture (S72.0–S72.2) 7,406 (1) 327 (1) 334 (2)
Forearm fracture (S52.0–S52.9) 17,082 (3) 1,574 (4) 672 (5)
Ankle fracture (S82.3, S82.5–S82.6, S82.8) 8,370 (2) 699 (2) 307 (2)
Back pain (G54.2, G54.4, M47–M49, M49.2–M51.9, M53, M54.9,
M99–M99.04, M99.1–M99.14, M99.2–M99.24, M99.3–M99.34,
M99.4–M99.44, M99.5–M99.54, M99.6, M99.64,
M99.7–M99.74, M99.8–M99.84)

88,552 (18) 8,827 (24) 3,672 (25)

Osteoporosis (M80.0–M82.8) 14,621 (3) 1,467 (4) 716 (5)
Chronic lower respiratory diseases (COPD, bronchitis,
emphysema: J40–J44.9)

5,526 (1) 463 (1) 219 (2)

* Values are the number (%) unless indicated otherwise. Comorbidity codes are from the International Statistical
Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10), at the start of follow-up as regis-
tered in the Skåne Healthcare Register during 1998–2009. COPD = chronic obstructive pulmonary disease;
OA = osteoarthritis; SEK = Swedish Krona.
† Missing: n = 29.
‡ Missing: n = 44.
§ Missing: n = 3,558.
¶ Missing: n = 29.
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from the Swedish Population Register and was included as
municipality. Information on diagnosed alcohol-related disorders
(ICD-10 code F10) and all outcome conditions between January
1, 1998 and December 31, 2009 was retrieved from the SHR.
Information on all covariates was collected up to the beginning
of follow-up (January 1, 2010) and was not updated afterward to
avoid adjusting for intermediates. Marital status and income were
missing for 0.006% of all included individuals, while the country of
birth was missing for 0.009% and education was missing for
0.7%. Those with missing data were a very low proportion and
were thus excluded from the adjusted analyses.

Statistical analysis. Descriptive baseline data by expo-
sure status are reported as means ± SDs, medians with inter-
quartile ranges, or numbers with percentages as appropriate.
We used the Cox proportional hazards model with calendar years
as the time scale to estimate the HR of a diagnosis of each of the
conditions of interest. Separate models were used for each out-
come condition in which individuals diagnosed with the specific
comorbidity of interest before January 1, 2010 were excluded.
We adjusted all the analyses for baseline age, sex, socioeconomic
status (residential area, income, and education), birth outside of
Sweden, marital status, and the presence of a diagnosis of

alcohol-related disorders or any of the outcome conditions
(comorbidities) apart from the one analyzed. The proportional
hazards assumption was evaluated using plots of Schoenfeld
residuals, and no violations were detected (15). We repeated all
analyses in sensitivity analyses using a stricter definition of knee
and hip OA exposure (i.e., at least 2 diagnostic codes of knee or
hip OA to be classified as exposed).

RESULTS

Study cohort.We included 548,681 Skåne residents with no
prior records of knee or hip OA and age ≥35 years at the start of
follow-up. Of these, 36,465 and 14,477 individuals were registered
with at least 1 physician-recorded diagnostic code of knee or hip
OA, respectively, during follow-up, i.e., considered incident OA.
Those with incident OA were on average older at the start of follow-
up than individuals without OA, were a higher proportion of women,
and generally had a higher prevalence of comorbidities (Table 1).

Risk of comorbidities. The most common comorbidities
during follow-up were depression, cardiovascular diseases, and
back pain (Figure 2). In the adjusted analyses, individuals with
newly diagnosed knee or hip OA had 7% to 60% higher hazards
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Figure 2. Adjusted hazard ratios of consultation for diseases occurring in persons with incident doctor-diagnosed knee or hip osteoarthritis
(OA) compared to persons without OA. * = only women included in analysis; ** = only men included in analysis. Error bars show 95% confidence
intervals. Complete crude and adjusted hazard ratios are available in Supplementary Table 1, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24717.
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of depression (knee OA adjusted HR 1.16 [95% confidence inter-
val (95% CI) 1.10–1.21]; hip OA adjusted HR 1.14 [95% CI
1.06–1.23]), hypertension (knee OA adjusted HR 1.19 [95% CI
1.15–1.23]; hip OA adjusted HR 1.29 [95% CI 1.23–1.36]), ische-
mic heart diseases (knee OA adjusted HR 1.07 [95% CI 1.02–
1.13]; hip OA adjusted HR 1.16 [95% CI 1.07–1.25]), heart failure
(knee OA adjusted HR 1.15 [95% CI 1.09–1.21]; hip OA adjusted
HR 1.24 [95% CI 1.16–1.33]), back pain (knee OA adjusted HR
1.41 [95% CI 1.36–1.45]; hip OA adjusted HR 1.60 [95% CI
1.52–1.68]), and osteoporosis (knee OA adjusted HR 1.15 [95%
CI 1.09–1.22]; hip OA adjusted HR 1.39 [95% CI 1.29–1.51]) than
individuals without an OA diagnosis (Figure 2 and Supplementary
Table 1, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24717). Only for
knee OA, there was an association with diabetes mellitus
(adjusted HR 1.19 [95% CI 1.13–1.26]), Alzheimer’s disease
(adjusted HR 0.88 [95% CI 0.79–0.99]), and lung cancer
(adjusted HR 0.75 [95% CI 0.65–0.87]). Individuals with incident
hip OA had lower hazards of hip fracture than those without OA
(adjusted HR 0.83 [95% CI 0.74–0.94]), while no association
was found for knee OA. For the rest of the diagnoses, we found
either no association for individuals with knee or hip OA (i.e., HR
estimates and their CIs close to 1.00) or estimates with wide CIs,
excluding any clear interpretations of the direction or size of the
effects (Figure 2).

In the sensitivity analysis for prevalent knee or hip OA, the
observed associations were generally lower (i.e., HR closer to
1.00) than those observed among incident OA cases; however,
for most comorbidities, the interpretations were similar (see
Supplementary Table 2, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24717).
In the sensitivity analyses requiring 2 diagnostic OA codes (favor-
ing high specificity of exposed), HRs were generally closer to 1.00
and had wider CIs than in the primary analyses (see Supplemen-
tary Table 3, available at http://onlinelibrary.wiley.com/doi/10.
1002/acr.24717). Nevertheless, the interpretation did not change
for any of the comorbidities in the main analysis.

DISCUSSION

Our findings of this explorative population-based study of
approximately half a million residents in Sweden show that people
with physician-diagnosed OA are at increased risks of subse-
quent diagnoses of depression, cardiovascular diseases, diabe-
tes mellitus, and back pain. Despite the large sample size,
estimates for most other conditions were inconclusive due to
wide confidence intervals.

Several studies have previously found that knee and hip OA
are associated with an increased risk of cardiovascular diseases
(7,16,17). Our results support these findings and add to the
increasing confidence that a diagnosis of knee or hip OA is asso-
ciated with a higher risk of developing cardiovascular diseases. In

contrast, the association of increased risk of diabetes mellitus
among individuals with knee and hip OA is less supported by
our findings (18). Kendzerska et al report a larger risk of diabetes
mellitus for hip OA than knee OA (18), as opposed to our study,
where only knee OA was associated with diabetes mellitus. Simi-
larly, Swain et al reported a higher risk of diabetes mellitus only in
people with knee OA (17). Several factors may explain these
diverse results, including difference in exposure (incident OA ver-
sus prevalent OA), difference in adjustment (we could not adjust
for body mass index [BMI]), and potential residual confounders.

Other surprising findings are that people with incident knee
OA appear to have a lower risk of lung cancer than people without
OA. This finding might be because knee OA, to a larger extent
than hip OA, is a result of a prior knee injury (19) possibly reflecting
a group being physically active and in general having a healthy life-
style. The finding is supported by 2 previous studies suggesting a
reduced risk of cancer mortality in physician-diagnosed and
radiographic knee OA (20,21). However, we found people with
knee OA to be at higher risk of developing other types of cancer
such as breast and prostate cancer but not colorectal cancer,
while people with hip OA had an increased risk of developing
prostate cancer only. The positive association between cancer
and OA has been previously reported in other cohorts and may
hypothetically be explained by the presence of low-grade inflam-
mation in people with OA (17,22). However, the reason why only
certain types of cancers appear associated with OA is not clear.

Another interesting finding is the reduced risk of consulting
for Alzheimer’s disease in people with knee OA. The current evi-
dence on OA and dementia is inconsistent but appears to point
toward a negative effect of OA on cognitive health (17,23,24).
However, a recent meta-analysis suggested that a diagnosis of
OA is associated with higher cognitive scores at baseline and
with a delayed cognitive decline (25). Persons with early symp-
toms of dementia (on the road to later becoming diagnosed with
Alzheimer’s disease) may consult for their knee problems to a
lesser extent than persons mentally fully alert. Thus, those with
a lack of consultation do not get their incipient OA diagnosed
to the same extent, leading to a biased estimate of association.
Finally, people with hip OA appear to have a reduced risk of hip
fracture. This finding is in line with previous literature showing
no or protective association between hip OA and hip frac-
ture (26,27).

All in all, there is evidence to suggest that the associations
found in our study are biologically plausible. Low-grade inflamma-
tion, obesity, and reduced physical activity are part of the patho-
genesis of OA (28) and can increase the risk of other
comorbidities (6,29). Low-grade inflammation has been reported
to be associated with a series of other factors, including depres-
sion symptoms (e.g., sleep problems, low energy level, and wide-
spread pain), high BMI, insulin resistance, cancer, Alzheimer’s
disease, and diabetes mellitus development (30,31). Despite the
fact that most of these associations have no clear directionality
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and are still debated in the scientific community, the presence of
low-grade inflammation may partially explain the association
between OA and comorbidities (32).

Obesity has been associated with OA through several
pathophysiologic pathways, including low-grade inflammation
due to the production of proinflammatory cytokines by the adi-
pose tissue (33). Furthermore, strong evidence from a meta-
analysis of longitudinal studies shows the existence of a bidi-
rectional association between obesity and depression (34).
This association becomes stronger when abdominal fat rather
than BMI is used to define obesity and when metabolic dysreg-
ulation (e.g., hypertension, dyslipidemia, insulin resistance) is
taken into account (35,36). All the evidence appears to point
toward the existence of a vicious cycle around OA, reduced
physical activity, increased weight, and low-grade inflamma-
tion, which can favor the development of some of the diseases
analyzed here as a result of shared pathophysiology (37,38).

Our results can have important clinical implications. On the
one hand, the co-occurrence of these diseases may represent a
major obstacle in the treatment of each condition separately and
calls for a more comprehensive approach. On the other hand,
our results highlight the importance of considering knee and hip
OA as clinically relevant and potentially modifiable risk factors in
the prevention of other chronic conditions, including cardiovascu-
lar diseases, diabetes mellitus, depression, and back pain. For
instance, treatment strategies targeting shared disease mecha-
nisms might be beneficial for more than a single condition. For
example, lifestyle interventions aimed at modifying dietary habits
while promoting increased physical activity may potentially
improve OA symptoms while preventing subsequent develop-
ment of other diseases (39). Identifying interventions able to
improve OA symptoms and reduce the risk of developing com-
modities is particularly important given the fact that people with
OA and other coexisting conditions report worse pain and more
restricted participation in social and domestic life than individuals
with OA and no comorbidities (40,41). However, to identify appro-
priate strategies to prevent the onset of commodities, a better
understanding of the causal mechanisms by which OAmay cause
other conditions is needed.

This study has important limitations. First, because of the
observational nature of the study, we could not determine any
causal relationships between OA and comorbidities, which should
be acknowledgedwhen considering the findings. Second, wewere
not able to adjust for BMI, which is a major risk factor for OA, diabe-
tes mellitus, and cardiovascular diseases, and thus lack of adjust-
ment may have biased our estimates upward. Third, as always,
there may be a certain degree of misclassification of disease in
the register, which may lead to either under- or overestimation of
the risk of developing comorbidities. However, the validity of the
diagnostic coding in the register has been reported to be high
and is expected to be largely nondifferential (9,42). Finally, we
focused on the effect of incident OA and we followed up the

participants for a maximum of 8 years, and thus we cannot draw
conclusions on the risk of developing comorbidity in people with
longer OA duration. The strengths of our study include the large
population-based cohort of an entire region, which supports the
generalizability of our findings to the broader population of adults
having knee or hip OA, as well as our sensitivity analyses yielding
similar results to the primary analyses. Nevertheless, several of
the associations found have not previously been investigated
and thus need to be confirmed in future studies and different
countries and populations.

In conclusion, physician-diagnosed knee and hip OA seem
to be associated with an increased risk of depression, cardiovas-
cular diseases, back pain, and osteoporosis. Only knee OA
seems to be associated with an increased risk of diabetes melli-
tus, while hip OA, in general, is associated with larger risks of
most comorbidities than is knee OA. The findings highlight the fact
that prevention and early and effective treatments of OA may be
important to avoid the development of other chronic conditions.
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Metacarpophalangeal Joint Impairment in Hand
Osteoarthritis and Its Association With Mechanical Factors:
Results From the Digital Cohort Osteoarthritis Design Hand
Osteoarthritis Cohort

Inès Kouki,1 Sophie Tuffet,2 Michel D. Crema,3 Alexandra Rousseau,2 Pascal Richette,4 Maxime Dougados,5

Francis Berenbaum,1 Jérémie Sellam,1 and Alice Courties1

Objective. To determine the prevalence, distribution, and characteristics associated with radiographic metacarpo-
phalangeal (MCP) joint osteoarthritis (OA).

Methods. This was a cross-sectional study of baseline data from the Digital Cohort Osteoarthritis Design, a French
monocentric cohort including patients with symptomatic hand OA. We evaluated the prevalence of radiographic MCP
joint OA, defined as ≥2MCP joints with a Kellgren/Lawrence score of ≥2. We compared the prevalence of MCP joint OA
in the dominant and nondominant hands. Associations between radiographic MCP joint OA and patient characteristics
were studied using univariable and multivariable logistic regression.

Results. Radiographic MCP joint OA was present in 138 of the 425 patients (32.5%) but was not severe. Patients
with MCP joint OA had a mean age of 69.2 ± 6.9 years, a body mass index of 25 ± 4.2 kg/m2, and 86.2%were women.
MCP joint OA was more frequent in the dominant hand and predominated at the first and second MCP joints. In the
multivariable analysis, MCP joint OA was associated with older age (odds ratio [OR] 1.05 [95% confidence interval
(95% CI) 1.01, 1.10] for each year), manual occupation (OR 3.74 [95% CI 1.21, 11.54]), scaphotrapezial OA (OR 2.18
[95% CI 1.27, 3.72]), and a high number of proximal interphalangeal joints with radiographic OA. MCP joint OA was
not associated with metabolic syndrome or hand OA symptoms.

Conclusion. In this cross-sectional study using a hospital-based hand OA cohort, radiographic MCP joint OA was
frequent and associated with structural hand OA features rather than with symptom severity. Our results suggest that
the involvement of MCP joints in hand OA is predominantly related to mechanical rather than systemic factors in this
population.

INTRODUCTION

Hand osteoarthritis (OA) affects a large part of the popula-

tion. The prevalence of radiographic hand OA is estimated to

be between 27% and 50% in the general population (1,2).

Moreover, symptomatic hand OA affects approximately 13%

of men and 26% of women age >70 years (3). The burden of

hand OA is important for individual-level pain and disability as
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well as public health (4). Among hand OA risk factors, some are

well established (older age, female sex, family history), while

others such as obesity or metabolic syndrome remain contro-

versial (5,6).
The commonly used clinical definition of hand OA proposed

by the American College of Rheumatology has a good radiographic
correlation (94% sensitivity and 87% specificity, with 78% agree-
ment) demonstrated in a secondary care population. The definition
takes into account the distal interphalangeal (DIP) and proximal
interphalangeal (PIP) joint involvement but excludes metacarpo-
phalangeal (MCP) joint swellings (7). The consensus among rheu-
matologists is that MCP joints are not affected by OA but by
inflammatory rheumatic diseases, such as rheumatoid arthritis,
psoriatic arthritis, or crystal arthropathies.

However, previous evidence suggests that MCP joints can also
be affected in OA. In the Framingham cohort (n = 2,301), radio-
graphic MCP joint OA, defined by 1 or more MCP joints with a Kellg-
ren/Lawrence (K/L) score of ≥2, was observed in 11.9% of men and
6.8% of women (2). In the Rotterdam study (n = 3,906), 8.2% of
people age >55 years and 14.8% of people age >85 years were
affected (8). In contrast, symptomatic MCP joint OA is less common
and affects approximately 2% of people age >60 years (9).

Very few studies have addressed the prevalence of MCP
joint OA in individuals with OA and its determinants. The role
of mechanical stress may be critical because high manual
strain at work and high grip strength are associated with radio-
graphic and symptomatic MCP joint OA (i.e., farmers, dockers,
pneumatic drillers, or jackhammer operators) (10–12). How-
ever, its association with systemic factors has never been
studied. Finally, MCP joint OA might be associated with a more
severe hand OA impairment, since it has been associated with
hand disability (2,8,13) and accelerated OA (14). The aim of this
study was to determine the prevalence, distribution, and fea-
tures associated with radiographic MCP joint OA in a large
hospital-based hand OA cohort.

PATIENTS AND METHODS

Study population. The Digital Cohort Osteoarthritis
Design (DIGICOD, NCT01831570) is a French monocentric pro-
spective cohort, including patients with symptomatic hand
OA. A detailed description of the study design and data collection
has been given elsewhere (15). For inclusion, people age >35
years with symptomatic hand OA defined as symptomatic hand
OA (pain or nodes) on at least 2 joints among PIP or DIP joints or
first IP joint with K/L score of ≥2, and/or symptomatic OA (pain
or deformation) at the thumb base with K/L score of ≥2, were eli-
gible to participate.

Patients with known polyarticular chondrocalcinosis or other
inflammatory rheumatic diseases, such as psoriatic arthritis or
rheumatoid arthritis, were excluded. At baseline, patients were
clinically examined by a rheumatologist, completed self-reported
questionnaires (the Australian Canadian Osteoarthritis Hand
Index [AUSCAN], Functional Index for Hand Osteoarthritis
[FIHOA], and the Cochin Hand Function Scale), provided a blood
sample, and underwent a radiograph of both hands. As previ-
ously described, this radiograph was performed in a posteroan-
terior view, with both hands in the same film (18 × 24 cassette),
with the same device, and with the requirement that wrists and
MCP, PIP, and DIP joints had to be well visualized. Both hands
were pronated and hands and wrists had to be flat, the fingers
well-extended, very little apart, and the second metacarpal had
to be in the extension of the radius. The focal-film distance was
1 meter and technical parameters were 40 to 65 kV, 5–10
mAs (15).

Each hand joint of both hands (DIP, PIP, MCP, trapeziometa-
carpal [TMC], and scaphotrapezial) was radiographically scored
by a single trained musculoskeletal radiologist (MDC) blinded to
the clinical data to obtain the K/L score (0–4 for each hand joint)
and Verbruggen anatomical scores (16,17). The protocol for this
cross-sectional analysis of the baseline visit assessments was
approved by the local ethics board (Comité de Protection des
Personnes Paris Ile de France IV). All participants provided written
informed consent.

Clinical and biologic data collection. At baseline, the
following demographic and biologic variables were collected:
age, sex, occupation, body mass index (BMI), alcohol consump-
tion, smoking, diabetes mellitus, hypertension, dyslipidemia,
cardiovascular diseases, metabolic syndrome as defined by
the National Cholesterol Education Program–Adult Treatment
Panel III criteria (18), menopausal status, family history of OA,
biologic inflammation (C-reactive protein [CRP] level ≥5 mg/li-
ter), hyperferritinemia (defined by ferritinemia >300 μg/liter in
men or >200 μg/liter in women), time of evolution of hand OA,
and use of analgesics or nonsteroidal antiinflammatory drugs.
All the definitions used for these characteristics are shown in
Supplementary Table 1, available on the Arthritis Care &

SIGNIFICANCE & INNOVATIONS
• Radiographic metacarpophalangeal (MCP) joint

osteoarthritis (OA) was found in one-third of the
present cases but was not clinically and radiograph-
ically severe.

• Radiographic MCP joint OA is associated with radio-
graphic severity of proximal interphalangeal OA
and with the presence of scaphotrapezial OA.

• Involvement of MCP joints in hand OA is associated
more with mechanical factors than with systemic
factors in this cohort of patients with symptomatic
hand OA.

• The presence of MCP joint OA without proximal
interphalangeal OA involvement should lead us to
reconsider the diagnosis of hand OA.
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Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24642. Current or previous occupations were classified

using the Institut National de la Statistique et des �Etudes
�Economiques classification and grouped into 3 categories:
manual professions; intermediate professions and employees;
and intellectual professions. In this study, we call “manual
workers” farmers, craftsmen, traders, and workers.

Radiographic MCP joint OA and clinical severity. An
MCP joint with OA was defined by a K/L score of ≥2, and radio-
graphic MCP joint OA was defined by at least 2 MCP joints with
a K/L score of ≥2 among the MCP joints of both hands. Radio-
graphic severity excluded the MCP joints, since they contributed
to the outcome, and was defined as the sum of the K/L score at
the PIP, DIP, scaphotrapezial, and TMC joints (total score
between 0 and 88); the number of PIP, DIP, scaphotrapezial,
and TMC joints with K/L score of ≥2, each and together;
and the number of erosive joints among the PIP and DIP
joints defined by phase E or R of the Verbruggen radiographic
score.

Clinical severity was defined by an AUSCAN pain score ≥40
of 100, FIHOA score >5 of 30, Cochin Hand Function Scale
score between 0 and 90, the visual analog scale (VAS) score
for hand pain ≥40 of 100, the number of painful joints on apply-
ing pressure, swelling joints among the PIP, DIP, and MCP joints
and thumb base, and grip and pinch strengths on the
dominant hand.

Statistical analysis. The prevalence of radiographic MCP
joint OA defined by at least 2 MCP joints with a K/L score of ≥2
was evaluated as well as the prevalence of patients with at least
2 MCP joints with a K/L score of ≥3 or 4. The prevalence of painful
MCP joints spontaneously or under pressure was assessed as
well. Proportions of patients with MCP joint OA were compared
between the dominant and nondominant hand using a McNemar
test for paired data.

Baseline characteristics were reported according to the
presence or absence of radiographic MCP joint OA using fre-
quencies and percentages for categorical variables and
mean ± SD or median and interquartile range (IQR) for continu-
ous variables (according to the distribution). Differences in pro-
portions between groups were reported with 95% confidence
intervals (95% CIs), estimated by the exact method, and the dif-
ference of means between groups was reported with a 95% CI
estimated by the pooled or Satterthwaite method, depending
on whether variances were equal or unequal between groups,
respectively.

Associations between the presence of radiographic MCP
joint OA and demographic characteristics and radiographic and
clinical severity were analyzed using logistic regression. A multi-
variable model was built using covariates selected from the

univariable analysis (P value less than 0.20) and was systemati-
cally adjusted for age, sex, BMI, and family history of OA. The final
model was determined using a backward elimination method.
Results were expressed as odds ratios (ORs) with 95% CIs. All
analyses were performed using SAS software, version 9.4. All
tests were 2-sided, and a P value less than 0.05 indicated statis-
tical significance.

RESULTS

In total, 436 patients were included in the DIGICOD cohort
between April 2013 and June 2017 from the rheumatology
department of Saint-Antoine Hospital (Assistance Publique-Hôpi-
taux de Paris). Eleven participants were excluded (1 withdrew
consent, 3 had unavailable radiographs, 6 did not meet the selec-
tion criteria, 1 with missing K/L score). Finally, data from
425 patients were analyzed in the present study.

MCP joint OA is frequent and predominates on the
dominant hand but is radiographically and clinically
not severe. Among the 425 patients, 49.4% had at least
1 MCP joint K/L score of ≥2, 16.7% had at least 1 MCP joint K/L
score of ≥3, and only 3.3% had K/L score of ≥4. The median
MCP joint K/L total score (extremes 0–40) was 3.0 (IQR 1.0–
6.0). MCP joint OA was more frequent in the dominant hand
(40.6% versus 34.7%; P < 0.05) and was predominant in the
thumb and index finger (20.2% and 20.7%, respectively)
(Figure 1). Spontaneous painful MCP joint was rare (n = 29 of
424, 6.8%), while 139 of 424 patients (32.8%) had at least
1 painful MCP joint under pressure. Only 2 patients (0.5%) had
1 erosive MCP joint and none had more. In total, 138 patients
(32.5%) had at least 2 MCP joints with a K/L score of ≥2 and
were considered as patients with radiographic MCP joint OA
for subsequent analyses.

Patients with MCP joint OA are older, have a more
manual job, and are radiographically more severe.
Patients with or without radiographic MCP joint OA were similar
in their BMI (mean ± SD 25.0 ± 4.2 versus 25.2 ± 4.4) and OA
family history (66.9% versus 70.5%). In addition, the percent-
ages of patients with metabolic syndrome or its components
were similar between the 2 groups. Patients with MCP joint
OA were slightly older than those without MCP joint OA
(mean ± SD 69.2 ± 6.9 versus 65.5 ± 7.3 years). Although
there was a predominance of women in both groups, the pro-
portion of women appeared to be slightly more frequent
among individuals with MCP joint OA (86.2% versus 82.6%).
There were twice as many patients with past or present work
involving hands among the patients with MCP joint OA
(10.4% versus 4.6%) compared to patients without MCP joint
OA. In contrast, intellectual professions were less frequent
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among patients with MCP joint OA. There were no differences
between the 2 groups in terms of iron parameters, CRP level,
and calcemia (Table 1).

In the MCP joint OA group, the mean ± SD K/L score
excluding MCP joints (0–88) was 50.3 ± 11.9 compared to
37.9 ± 15.3 in the group without MCP joint OA. The presence of

Figure 1. Hand diagram showing the percentages of patients of the cohort who have metacarpophalangeal joint osteoarthritis (Kellgren/Lawrence
score ≥2) according to the fingers and the dominant hand.

Table 1. Characteristics of patients according to the presence or absence of MCP joint OA*

No MCP joint OA
(n = 287)

MCP joint OA
(n = 138)

Characteristic No.† Value No.† Value Difference (95% CI)

Age at inclusion, mean ± SD years 287 65.5 ± 7.3 138 69.2 ± 6.9 3.7 (2.2, 5.1)
Women 287 237 (82.6) 138 119 (86.2) 3.7 (–3.6, 10.9)
Body mass index, mean ± SD kg/m2 285 25.2 ± 4.4 133 25.0 ± 4.2 –0.1 (–1.0, 0.8)
Family history of osteoarthritis 278 196 (70.5) 133 89 (66.9) –3.6 (–13.2, 6.0)
Socioprofessional category 282 135
Manual works – 13 (4.6) – 14 (10.4) 5.8 (0.06, 11.5)
Intermediate professions and employees – 107 (37.9) – 63 (46.7) 8.7 (–1.4, 18.9)
Intellectual professions – 162 (57.4) – 58 (43.0) –14.5 (–24.6, –4.3)

Time of evolution of hand osteoarthritis, years 285 136
<5 – 70 (24.6) – 14 (10.3) –14.3 (–21.4, –7.1)
5–15 – 143 (50.2) – 68 (50.0) –0.2 (–10.4, 10.0)
>15 – 72 (25.3) – 54 (39.7) 14.4 (4.8, 24.1)

Current tobacco consumption 285 21 (7.4) 134 8 (6.0) –1.4 (–6.4, 3.6)
Current alcohol consumption 285 215 (75.4) 134 109 (81.3) 5.9 (–2.4, 14.2)
Diabetes mellitus 287 24 (8.4) 138 9 (6.5) –1.8 (–7.1, 3.4)
Hypertension 287 155 (54.0) 138 82 (59.4) 5.4 (–4.6, 15.4)
Cardiovascular disease except AHT 287 13 (4.5) 138 8 (5.8) 1.3 (–3.3, 5.8)
LDL, mean ± SD gm/liter 277 1.4 ± 0.4 134 1.4 ± 0.4 0.009 (–0.07, 0.09)
Metabolic syndrome 279 99 (35.5) 134 51 (38.1) 2.6 (–7.4, 12.5)
CRP, mg/liter 237 – 112 – –

<5 – 213 (89.9) – 101 (90.2) 0.3 (–6.4, 7.0)
≥5 – 24 (10.1) – 11 (9.8) –0.3 (–7.0, 6.4)

Hyperferritinemia 253 28 (11.1) 121 12 (9.9) –1.1 (–7.7, 5.4)
TSC >45% 277 8 (2.9) 134 5 (3.7) 0.8 (–2.9, 4.6)
Calcemia, mean ± SD mmol/liter 279 2.4 ± 0.1 135 2.4 ± 0.1 0.003 (–0.02, 0.02)
Current analgesics or NSAIDs consumption 287 149 (51.9) 138 80 (58.0) 6.1 (–4.0, 16.1)

* Values are the number (%) unless indicated otherwise. 95% CI = 95% confidence interval; AHT = arterial hyperten-
sion; CRP = C-reactive protein; LDL = low-density lipoprotein; MCP = metacarpophalangeal; NSAIDs = nonsteroidal
antiinflammatory drugs; OA = osteoarthritis; TSC = transferrin saturation coefficient.
† Number of patients with available data.
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a high number of PIP joints with OA (9 or 10) was much more fre-
quent in patients with radiographic MCP joint OA, while the pres-
ence of a low number of PIP joints with OA (0–4) was much more
frequent in patients without MCP joint OA. In addition, 56.2% of
the patients with MCP joint OA had erosive OA versus 39.2% of
patients without MCP joint OA.

Concerning the clinical severity, 59.1% of patients with MCP
joint OA had a VAS score of ≥40 of 100 compared to 57.2% of
patients without MCP joint OA. There was no evident difference
in the function scores on the FIHOA and Cochin scales (Table 2).

Age, socioprofessional category, and number of PIP
and scaphotrapezial joints with OA are independently
associated with MCP joint OA. The duration of hand OA,
number of erosive joints, DIP or TMC joints with OA, painful joints
on applying pressure, number of joints with synovitis, and

prehension strength on the dominant hand were significantly asso-
ciated with MCP joint OA in the univariable analysis (P < 0.20), but
the association did not remain in multivariable analysis. No biologic
factors were associated with MCP joint OA (calcemia, CRP level,
hyperferritinemia, or high TSC). Neither BMI nor metabolic syn-
drome was associated with MCP joint OA (Table 3).

In the multivariable analysis, radiographic MCP joint OA was
associated with higher age (OR 1.05 [95% CI 1.01, 1.10]), manual
works (OR 3.74 [95% CI 1.21, 11.54] for manual workers versus
intellectual professionals), and higher radiographic severity of
hand OA (Table 3). Patients with 5–8 PIP joints with OA, repre-
senting 34.1% of the entire population, were 7.83 (95% CI 3.58,
17.16) times more at risk for MCP joint OA than patients with 0–
4 PIP joints with OA. In addition, those with 9–10 PIP joints with
OA (30% of the population) were 14.29 (95% CI 6.46, 31.64)
times more at risk for MCP joint OA compared to patients with

Table 2. Clinical and radiographic severity of patients according to the presence or absence of MCP joint OA*

No MCP joint OA
(n = 287)

MCP joint OA
(n = 138)

No.† Value No.† Value Difference (95% CI)

Radiographic severity
Sum of K/L score except MCP joint (0–88),

mean ± SD
276 37.9 ± 15.3 135 50.3 ± 11.9 12.4 (9.7, 15.1)

Number of joints K/L ≥2 excluding MCP joint (0–22) 276 13.0 (8.0–17.0) 135 18.0 (14.0–20.0) –

Erosive joints: PIP and DIP (0–18), no. (%) 281 137 –

0 – 171 (60.9) – 60 (43.8) –

1–3 – 82 (29.2) – 47 (34.3) –

≥4 – 28 (10.0) – 30 (21.9) –

Number of DIP joint K/L ≥2 (0–8), no. (%) 282 138 –

0–3 – 48 (17.0) – 4 (2.9) –

4–6 – 89 (31.6) – 25 (18.1) –

7–8 – 145 (51.4) – 109 (79.0) –

Number of PIP joint K/L ≥2 (0–10), no. (%) 285 137 –

0–4 – 138 (48.4) – 13 (9.5) –

5–8 – 92 (32.3) – 52 (38.0) –

9–10 – 55 (19.3) – 72 (52.6) –

Number of ST K/L ≥2 (0–2), no. (%) 284 137 –

0 – 172 (60.6) – 52 (38.0) –

1 – 49 (17.3) – 32 (23.4) –

2 – 63 (22.2) – 53 (38.7) –

Number of TMC K/L ≥2 (0–2), no. (%) 284 135 –

0 – 93 (32.7) – 36 (26.7) –

1 – 56 (19.7) – 17 (12.6) –

2 – 135 (47.5) – 82 (60.7) –

Sum of K/L score at TMC + ST (0–16) 283 5.0 (2.0 –9.0) 135 8.0 (4.0 –10.0) –

Clinical severity
AUSCAN pain score ≥40/100, no. (%) 271 69 (25.5) 124 26 (21.0) 4.5 (–4.4, 13.3)
FIHOA score >5/30, no. (%) 272 129 (47.4) 132 73 (55.3) –7.9 (–18.2, 2.5)
Cochin Function Hand Scale (0–90) 274 5.0 (1.0–13.0) 132 6.0 (2.0–15.0)
Pain VAS (rest or activity) ≥40/100, no. (%) 285 163 (57.2) 137 81 (59.1) –1.9 (–12.0, 8.1)
Painful joints on pressure (0–30) 287 3.0 (2.0–6.0) 137 3.0 (1.0–7.0) –

Swelling joints (0–30) 287 0.0 (0.0–1.0) 136 1.0 (0.0–3.0) –

Grip strength on dominant hand, kg 287 24.0 (20.0–31.0) 136 22.0 (18.0–28.0) –

Pinch strength on dominant hand, kg 280 5.4 (4.3–6.7) 130 5.3 (4.4–6.5) –

* Values are the median (interquartile range) unless indicated otherwise. 95% CI = 95% confidence interval; AUSCAN = Australian
Canadian Osteoarthritis Hand Index; DIP = distal interphalangeal; FIHOA = Functional Index for Hand osteoarthritis;
K/L = Kellgren/Lawrence; MCP = metacarpophalangeal; OA = osteoarthritis; PIP = proximal interphalangeal; ST = scaphotrapezial;
TMC = trapeziometacarpal; VAS = visual analog scale.
† Number of patients with available data.
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0–4 PIP joints with OA. Lastly, scaphotrapezial impairment was
also associated with radiographic MCP joint OA, with an OR of
2.18 (95% CI 1.27, 3.72).

DISCUSSION

Using a large hospital-based cohort of patients with symptom-
atic interphalangeal and/or thumb base hand OA, we found that

radiographic MCP joint OA is frequent (32.5%) and predominates in
the thumb and the index finger of the dominant hand. Radiographic
MCP joint OA was independently associated with older age, manual
work, PIP joint OA radiographic severity, and the presence of sca-
photrapezial OA, but not with systemic or metabolic factors.

Here, we found that the prevalence of radiographic MCP joint
OA is higher than that reported in previous studies, such as the
Framingham study (11.9% of men and 6.8% of women in

Table 3. Univariable and multivariable analysis of factors associated with MCP joint OA (n = 356, population with
available values for all selected variables in univariable analysis)*

Univariable analysis Multivariable analysis†

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

Age at inclusion by year 1.09 (1.05, 1.13) <0.0001 1.05 (1.01, 1.10) 0.0194
Sex – 0.2947 – 0.2505
Men 1 – 1 –

Women 1.40 (0.74, 2.65) – 1.59 (0.72, 3.48) –

Body mass index, kg/m2 1.00 (0.95, 1.05) 0.9912 0.99 (0.93, 1.05) 0.7547
Family history of osteoarthritis – 0.7893 – 0.8558
No 1 – 1 –

Yes 0.94 (0.58, 1.51) – 1.05 (0.59, 1.87) –

Socioprofessional category – 0.0114 – 0.0158
Intellectual professions 1 – 1 –

Manual works 3.16 (1.31, 7.62) 0.0104 3.74 (1.21, 11.54) 0.0218
Intermediate professions and employees 1.67 (1.05, 2.68) 0.0320 1.85 (1.07, 3.21) 0.0280

Time of evolution of hand osteoarthritis, years – <0.0001 – –

<5 1 – – –

5–15 4.64 (1.32, 16.39) 0.0170 – –

>15 9.67 (2.91, 32.14) 0.0002 – –

Number of erosive joints among PIP
and DIP (0–18)

– 0.0027 – –

0 1 – – –

1–3 1.58 (0.94, 2.64) 0.0815 – –

≥4 2.94 (1.57, 5.52) 0.0008 – –

Number of DIP K/L ≥2 (0–8) – <0.0001 – –

0–3 1 – – –

4–6 3.37 (1.11, 10.25) 0.0323 – –

7–8 9.02 (3.16, 25.77) <0.0001 – –

Number of PIP K/L ≥2 (0–8) – <0.0001 – <0.0001
0–4 1 – 1 –

5–8 6.78 (3.23, 14.23) <0.0001 7.83 (3.58, 17.16) <0.0001
9–10 15.34 (7.22, 32.59) <0.0001 14.29 (6.46, 31.64) <0.0001

Number of ST K/L ≥2 (0–2) – <0.0001 – 0.0045
0 1 – 1 –

1–2 2.60 (1.64, 4.12) – 2.18 (1.27, 3.72) –

Number of TMC K/L ≥2 (0–2) – 0.0430 – –

0–1 1 – – –

2 1.59 (1.01, 2.51) – – –

Painful joints at pressure (0–30) – 0.0232 – –

0–1 1 – – –

2–3 0.45 (0.24, 0.82) 0.0097 – –

4–6 0.48 (0.25, 0.93) 0.0289 – –

≥7 0.86 (0.47, 1.59) 0.6319 – –

Swelling joints (0–30) – 0.0013 – –

0–2 1 – – –

≥3 2.49 (1.43, 4.35) – – –

Grip strength on dominant hand, kg – 0.0143 – –

>30 1 – – –

≤30 2.12 (1.16, 3.87) – – –

* 95% CI = 95% confidence interval; DIP = distal interphalangeal; K/L = Kellgren/Lawrence;
MCP = metacarpophalangeal; OA = osteoarthritis; OR = odds ratio; PIP = proximal interphalangeal;
ST = scaphotrapezial; TMC = trapeziometacarpal.
† Systematic adjustment for age, sex, body mass index, and family history of OA.
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Framingham) (2). One explanation is that we studied MCP joint
OA in a symptomatic hand OA population (defined by PIP/DIP or
thumb joint OA) (i.e., hospital-based cohort), while the Framing-
ham cohort is a general population sample (i.e., a population-
based cohort). Indeed, in a recent study, MCP joint impairment
was studied using magnetic resonance imaging in hand OA
patients compared to controls showing that 21 of 81 MCP joints
had a loss of cartilage, including 5 with areas of full-thickness loss
(19). This prevalence is close to that observed in our study. MCP
joint OA is more frequent than expected and probably underesti-
mated, especially when it is studied with radiographs only.
Although the prevalence of MCP joint OA was high, the severity of
the radiographic impairment was low (low prevalence of MCP joints
at K/L score of 3 or 4 and low median MCP joint K/L sum) and so
was the clinical burden (few spontaneously painful MCP joints).

We found that older age was associated with MCP joint OA
(5% increase in risk per year) but not with sex. Conversely, in the
Framingham cohort and the Zoetermeer study, MCP joint OA was
slightly more frequent in men and at a younger age than other hand
OA localizations. For example, in the age group 40–44 years, 9.6%
ofmen hadMCP joint OA versus 8.2% of women (2,20). These dis-
crepancies can also be explained by the differences in the sample
populations (individuals with hand OA versus general population).
The presence of confounding factors in the Framingham study
from a random general population would likely include more man-
ual workers among men, explaining this difference. Radiographic
MCP joint OA did not seem to be independently associated with
disease duration, as may have been expected, probably because
disease duration is strongly associated with age.

In this population of symptomatic hand OA patients, MCP joint
impairment was more frequent and independently associated with
manual jobs, which is consistent with the literature (10–12). Indeed,
some observations among samples of up to 200 patients found an
association between manual works (farmers, cotton workers,
workers using vibrating-tools) and MCP joint OA in terms of fre-
quency and of severity (10,21,22). Moreover, the distribution of
MCP joint OA was consistent with previous publications, since
MCP joint OA was more frequently described in the thumb, index,
and middle fingers, probably because mechanical factors are
stronger at these fingers (2,8). The higher frequency of MCP joint
OA in the dominant hand and the association with manual occupa-
tions suggest that mechanical factors are strongly implicated in the
development of MCP joint OA, which is in accordance with studies
showing that higher grip strengths can be associated with the
occurrence of MCP joint OA later (11,12). However, more specific
mechanical factors such as quantitative data about the manual
occupation (mechanical loading or repetitive tasks) and length of
time in the employment or manual hobbies were not available,
which limits the accuracy of manual activities assessment.

In contrast, systemic factors such as BMI, diabetes mellitus,
metabolic syndrome, and elevated CRP level were not associated
with MCP joint OA among these hand OA patients. The absence
of such associations reinforces the importance of mechanical

factors in MCP joint OA and suggests that MCP joints are more
responsive to mechanical stress than PIP or DIP joints (5,23).
There was no association with hyperferritinemia, elevated TSC,
or hypercalcemia, but we expected this finding because the study
population was primary OA patients. Some other systemic fea-
tures may have influenced MCP joint OA such as genetic factors,
but they were not investigated here.

Finally, MCP joint OA was associated with hand OA radio-
graphic severity, especially with PIP joint OA severity and with the
presence of scaphotrapezial OA. Although the scaphotrapezial joint
is known to be related to mechanical forces, it is independently
associated with MCP joint OA, even when adjusted on manual
works. This finding is consistent with data showing that hand OA
of other joints co-occurred in 86% of patients with MCP joint
involvement (8). Thus, OA in the MCP joints could be part of a gen-
eralized and evolved form of hand OA. Since only 2.7% and 9.5%
of patients with MCP joint OA have <3 DIP joints with OA and <4
PIP joints with OA, MCP joint OAwithout PIP or DIP joint OA should
lead us to reconsider the diagnosis of primary hand OA.

While MCP joint OA was associated with symptoms in the
univariable analysis, there was no association between MCP joint
OA and hand OA clinical symptoms (pain, loss of function, or loss
of grip strength) in the multivariable analysis. The reason may be
because symptoms are closely related to radiographic severity.
This result means that although radiographic MCP joint OA is
common, its clinical impact is limited and is mediated by the
severity of the PIP or thumb base joint OA.

The strengths of this study should be considered. First, DIGI-
COD is a large cohort of individuals with symptomatic hand OA,
defined by worldwide validated criteria. The radiographs were ana-
lyzed by a trained radiologist blinded to the patient characteristics.
Second, the definition of MCP joint OA was stringent compared to
other studies because we used the presence of ≥2 MCP joints with
K/L score of ≥2 (and not ≥1MCP joint with K/L score ≥2) to bemore
specific in the association studied. Finally, patient characteristics
were defined using composite criteria (patient interview, clinical
examination, and biologic samples), thereby strengthening the
results.

However, our study had some limitations. First, it was cross-
sectional, which limits the possibility to demonstrate a causality
link between MCP joint OA and manual activity. Second, it was
conducted in a symptomatic hand OA population, which limits
the generalizability of the findings to asymptomatic hand OA
patients. Generalizability is particularly true for the high preva-
lence, which is not what is observed in the general population.
Conducting sensitivity analysis using more stringent criteria would
have been pertinent, but doing so was technically impossible
because of the low number of patients with MCP joints with K/L
score of 3 and 4. Moreover, because this is a symptomatic hand
OA cohort, it was predominantly a female population, which pre-
vented us from describing MCP joint OA among men. Finally,
because of missing data, the analyzed population was smaller
than the included population, with a slight overrepresentation of
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individuals with diabetes mellitus and hypertension, as well as
those with metabolic syndrome. However, since these factors
were not associated with MCP joint OA, their influence over the
results would be unlikely.

In conclusion, radiographic MCP joint OA is frequent in
patients with symptomatic PIP/DIP or thumb base joint OA but is
clinically rarely severe. Among these patients, the presence of
radiographic MCP joint OA is cross-sectionally associated with
mechanical factors rather than systemic factors such as meta-
bolic factors and is especially associated with severe radiographic
PIP joint OA. The presence of MCP joint OA without PIP joint OA
involvement should lead us to reconsider the diagnosis of hand
OA, which is consistent with the literature. Further prospective
studies are necessary to confirm longitudinally these cross-
sectional results.
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Socioeconomic Inequalities in All-Cause and Cause-Specific
Mortality Among Patients With Osteoarthritis in the Skåne
Region of Sweden

Maria Lindéus,1 Aleksandra Turkiewicz,1 Martin Englund,1 and Ali Kiadaliri2

Objective. To assess the association between education and all-cause and cause-specific mortality among
patients with osteoarthritis (OA) in comparison to an OA-free reference cohort.

Methods. Using data from the Skåne Healthcare Register, we identified all residents age ≥45 years in the region of
Skåne in southern Sweden with doctor-diagnosed OA of peripheral joints between 1998 and 2013 (n = 123,993). We
created an age- and sex-matched reference cohort without OA diagnosis (n = 121,318). Subjects were followed until
death, relocation outside Skåne, or the end of 2014. The relative index of inequality (RII) and the slope index of inequal-
ity (SII) were estimated by the Cox model and Aalen’s additive hazard model, respectively.

Results. We found an inverse association between education and mortality. The magnitude of relative inequalities
in all-cause mortality were comparable in the OA, with an RII of 1.53 (95% confidence interval [95% CI] 1.46, 1.61),
and reference cohorts (RII 1.54 [95% CI 1.47, 1.62]). The absolute inequalities were smaller in the OA cohort (all-cause
deaths per 100,000 person-years, SII 937 [95% CI 811, 1,063]) compared with the reference cohort (SII 1,265 [95% CI
1,109, 1,421]). Cardiovascular mortality contributed more to the absolute inequalities in the OA cohort than in the refer-
ence cohort (60.1% versus 48.1%) while the opposite was observed for cancer mortality (8.5% versus 22.3%).

Conclusion. We found higher all-cause and cause-specific mortality in OA patients with lower education. The
observed inequalities in the OA cohort reflect the inequalities in the population at large. The greater burden of cardio-
vascular diseases in OA patients suggests that proper management of cardiovascular risk factors in OA patients is
important.

INTRODUCTION

Osteoarthritis (OA) commonly affects the knee and hip

joints, is a major cause of disability (1,2), and the burden of OA

in our aging population will likely keep rising (3). An increased

all-cause mortality in OA patients compared to the general pop-

ulation has been reported by some studies (4–9), while others

have found no such association (10–13). Certain studies have

also examined cause-specific mortality and reported an associ-

ation between OA and increased cardiovascular mortality

(5,7,8,14). Physical inactivity and the use of nonsteroidal antiin-

flammatory drugs (NSAIDs) have been suggested to be the most

plausible explanations for the observed excess all-cause mortal-

ity in OA patients (4–8,14).

There is a well-known association between socioeconomic

status (SES) and health, wherein people with lower SES generally

tend to have poorer health and increased mortality (15). In the

context of OA, previous studies have shown an inverse associa-

tion between both individual and area-level SES and OA preva-

lence (16–23). However, no previous study has, to our

knowledge, examined the association between SES and all-

cause and cause-specific mortality among patients with OA. In

order to promote health equity, it is important to analyze and high-

light health disparities. Further, it is important to study all-cause

mortality as well as the burden of disease-specific mortality in

order to improve public health and reduce preventable deaths.

Considering that no widely accepted disease-modifying drug is

on the market for OA treatment, understanding societal factors
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associated with adverse consequences of the disease is impor-

tant. Education is an important factor to consider in OA manage-

ment since several studies have reported an inverse association

between educational attainment and prevalence/symptoms of

OA (18,19,21–26). Thus, the aim of the present study was to

assess the association between education and all-cause and

cause-specific mortality among OA patients, and to compare

these with a sex- and age-matched cohort free of OA.

MATERIALS AND METHODS

We conducted a register-based, open-cohort study. The
region of Skåne in southern Sweden was the geographical area
of interest. In 2013, the region had a population of ~1.3 million
(~13% of Sweden’s entire population) (http://www.scb.se). Ethi-
cal endorsement of the project was applied for and was approved
by the Regional Ethics Review Board in Lund (Dnr 2014/276).

Data sources. The Skåne Healthcare Register (SHR) is a
database that registers all health care consultations in the Skåne
region. From the SHR, we identified subjects with doctor-
diagnosed OA of peripheral joints (International Classification of
Diseases, Tenth Revision [ICD-10] codes M15-M19). We
retrieved data on vital status, sex, and place of residence from
Statistics Sweden’s Population Register. Data regarding each
subject’s highest educational attainment, country of birth, and
marital status were collected from the Longitudinal integration
database for health insurance and labor market studies (LISA).
The LISA, which is maintained by Statistics Sweden, integrates
data from educational and social sectors as well as from the labor
market (https://www.scb.se/lisa-en). The National Board of
Health and Welfare’s Cause of Death Register was used to
retrieve the underlying cause of death and the date of death
reported on death certificates of the subjects who died during
the observation period.

Outcome and follow-up period. The recruitment period
was from January 1, 1998 to December 31, 2013. For inclusion

in the OA cohort, a subject had to meet the following criteria: have
at least 1 OA diagnosis (ICD-10 codes M15–M19) in the SHR, be
age ≥45 years, and be a resident of the Skåne region at the time
of OA diagnosis. To create the reference cohort, patients with no
OA diagnosis (no OA diagnosis registered in the SHR from 1998
to 2013) were randomly sampled and frequency matched for
age and sex to the OA cohort. Since 3 of the subjects in the refer-
ence cohort had unknown dates of death, they were each
assigned a date of death at random. Each subject’s follow-up
started at the date of OA diagnosis (index date) or January 1 of
the year they turned age 45 years, whichever occurred last. The
subjects of the 2 cohorts were followed until relocation outside
the Skåne region, death, or December 31, 2014, whichever
occurred first.

Covariates. The level of education was categorized into
the following 3 groups: low (0–9 years of education), medium
(10–12 years of education), and high (>12 years of education).
We considered age, sex, marital status, and nativity as potential
confounders. Marital status was classified into 3 categories: never
married, married, and previously married. Individuals who were in
a registered partnership or had been in a registered partnership
were also included in the 2 latter groups. Nativity was divided into
2 categories: native (i.e., born in Sweden with at least 1 Sweden-
born parent) and non-native (i.e., born abroad, or born in Sweden
with both parents born abroad).

Causes of death. The 5 following causes of death were
used to examine cause-specific mortality: 1) diseases of the circu-
latory system (ICD-10 codes I00–I99), 2) malignant neoplasms
(C00–C97), 3) mental and behavioral disorders (F00–F99) and
diseases of the nervous system (G00–G99), 4) diseases of the
respiratory system (J00–J99), and 5) other causes. These groups
were chosen because they were the leading causes of death in
the study population.

Statistical analysis. To examine educational inequalities
in mortality, the relative index of inequality (RII) and slope index
of inequality (SII) were estimated. The RII measures the relative
inequality between the hypothetical best-placed and worst-
placed person, ranked by educational attainment. Correspond-
ingly, the SII measures the absolute inequalities between the
2 extremes of educational attainment. In order to estimate these
indices, the populations in each educational group were
assigned a fractional rank. The fractional rank was based on
the midpoint of the educational group’s range in the cumulative
distribution of the study population (27–29). We used the Cox
model to estimate the RII, and Aalen’s additive hazard model
to estimate the SII. Age was used as the time scale for both
models. We used R codes from Moreno-Betancur et al (28) for
these estimations. We also conducted subgroup analyses by
sex, attained age throughout follow-up, and collected data on

SIGNIFICANCE & INNOVATIONS
• No previous study has assessed the magnitude of

educational inequalities in a population with osteo-
arthritis (OA) compared to a reference population.

• People with lower education, with or without OA,
have higher all-cause and cause-specific mortality
compared to more highly educated people.

• The educational inequalities in mortality in OA
patients reflect the health inequalities in the popu-
lation at large.

• OA patients with lower education have a greater
burden of cardiovascular diseases.
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prevalence of knee and hip OA, the 2 joint sites most commonly
affected by OA. All subjects with registered knee OA were con-
sidered to have knee OA in the knee OA–specific analyses,
regardless of whether they also had hip OA or any other type
of OA. The same consideration was applied for those who had
hip OA. All estimates were adjusted for sex, marital status, and
nativity. Analyses were performed in R, version 3.5.1.

RESULTS

After excluding 4,195 people with unknown education sta-
tus, 5 people with unknown nativity status, and 4 people with
missing underlying cause of death, a total of 123,993 people
were included in the OA cohort (60.9% women). A total of
123,993 subjects free of OA were initially included in the refer-
ence cohort. The final reference cohort consisted of 121,318
people (60.7% women) after 2,671 with unknown education sta-
tus and 4 people with unknown nativity status were excluded.
The mean ± SD age at study entry was 66.6 ± 11.6 years for
the OA cohort and 66.5 ± 11.6 years for the reference cohort.
In total, 978 subjects in the OA cohort had both knee and hip
OA. The mean follow-up time was 7.1 years for the OA cohort
and 6.6 years for the reference cohort. During follow-up,
24,493 and 28,843 deaths were identified in the OA and refer-
ence cohorts, respectively (Table 1).

The relative educational inequality, measured by the RII,
showed that the all-cause mortality rate was ~1.5 times higher in
the lowest-educated versus the highest-educated in both the
OA (Table 2) and reference cohorts (Table 3), with an RII of 1.53
(95% confidence interval [95% CI] 1.46, 1.61) in the OA cohort
and an RII of 1.54 (95% CI 1.47, 1.62) in the reference cohort.
When examining cause-specific mortality, higher mortality was
observed in patients with lower education in both cohorts for all
specific causes (even though the CI included the null value of
1 for the cause of mental and behavioral disorders and diseases
of the nervous system). Educational inequalities in favor of the
more highly educated were generally seen in all subgroups in both
cohorts. The magnitudes of relative inequalities were, in general,
comparable between the OA and reference cohorts.

The absolute educational inequalities, measured by the SII,
showed that there were 937 (95% CI 811, 1,063) more all-cause
deaths per 100,000 person-years in the lowest versus highest
educated OA patients (Table 2). The corresponding figure
was greater in the reference cohort (1,265 [95% CI 1,109,
1,421] more deaths per 100,000 person-years in favor of the
highest-educated) (Table 3). Greater absolute educational
inequalities in all-cause mortality were also seen among women,
and those age 45–74 years, in the reference cohort compared
to the OA cohort. There were also greater absolute educational
inequalities in the reference cohort for subjects with malignant

Table 1. Characteristics of the osteoarthritis (OA) and reference cohorts*

Level of education, OA cohort Level of education, reference cohort

Low Medium High Missing Low Medium High Missing

Number of participants 48,157 49,946 25,890 4,195 47,108 46,298 27,912 2,671
Women 61.3 60.0 61.8 68.2 62.8 60.0 59.1 66.6
Age at entry, years
45–64 31.5 53.1 56.5 13.8 29.4 52.6 62.4 26.4
65–84 57.8 42.4 40.5 45.5 59.8 43.0 35.1 61.4
85+ 10.7 4.5 3.0 40.8 10.8 4.4 2.5 12.2

Marital status at entry
Never married 7.9 9.2 10.0 5.5 10.4 11.5 12.7 10.9
Previously married 39.2 32.7 27.8 33.6 40.4 32.6 25.7 40.3
Married 53.0 58.1 62.2 26.8 49.2 55.9 61.5 47.7
Missing 0.0 0.0 0.0 34.1 0.0 0.0 0.0 1.1

Swedish nativity 88.1 85.9 85.4 30.2 87.8 85.3 84.7 24.1
Missing 0.0 0.0 0.0 34.1 0.0 0.0 0.0 1.2
OA type, number of participants
Knee OA (ICD-10 code M17) 20,842 20,378 10,132 1,857 – – – –

Hip OA (ICD-10 code M16) 10,892 9,567 5,076 999 – – – –

Hand OA (ICD-10 codes M18,
M15.1, M15.2)

2,961 4,638 2,719 147 – – – –

Number of total deaths 14,154 7,687 2,652 2,748 16,795 8,855 3,193 874
Diseases of the circulatory system (I00–I99) 6,302 3,013 920 1,271 6,917 3,240 1,061 339
Malignant neoplasms (C00–C97) 3,046 2,176 845 432 3,998 2,608 1,091 165
Mental and behavioral disorders (F00–F99) and
diseases of the nervous system (G00–G99)

1,053 572 217 178 1,493 796 296 78

Diseases of the respiratory system (J00–J99) 906 449 172 185 1,357 649 202 66
Other causes 2,847 1,477 498 682 3,030 1,562 543 226
Person-years of follow-up 352,367 351,369 173,710 16,203 315,601 306,450 180,713 15,505

* Except where indicated otherwise, values are the percentage of study participants. Low: 0–9 years of education,medium: 10–12 years of edu-
cation, and high: >12 years of education. ICD-10 = International Classification of Diseases, Tenth Revision.
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neoplasm (subjects age ≥45 years, women, and subjects age
45–74 years) and for subjects with diseases of the respiratory
system (subjects age ≥45 years and subjects age 45–74 years).

Subgroup analyses based on OA type showed that the rel-
ative and absolute educational inequalities in mortality were sim-
ilar in subjects with knee and hip OA (Table 2). In general,
diseases of the circulatory system contributed the most, and
mental and behavioral disorders and diseases of the nervous
system contributed the least, to absolute educational inequal-
ities in all-cause mortality in both the OA (Figure 1) and reference
cohorts (Figure 2). The only exception was in subjects age 45–
74 years in the reference cohort, where the cause of malignant
neoplasm contributed the most (37.1%) to the absolute educa-
tional inequality. Diseases of the circulatory system tended to
have a higher contribution to the absolute educational inequality
in mortality in the OA cohort compared to the reference cohort,
while deaths caused by malignant neoplasms tended to contrib-
ute more to the absolute educational inequality in mortality in the
reference cohort. While the contribution of cardiovascular mor-
tality rose with age, the opposite was seen for cancer-related
mortality.

DISCUSSION

In this large register-based study, we found an inverse asso-
ciation between educational attainment and all-cause and cause-

specific mortality among OA patients and people in the reference
cohort. We found higher contribution of cardiovascular mortality
to the absolute educational inequalities in mortality in the OA
cohort compared to the reference cohort, which reflects the
greater burden of cardiovascular diseases in the OA cohort, espe-
cially in persons with low education. While the magnitudes of the
relative educational inequalities in mortality were comparable in
people with and without OA, the absolute educational inequalities
in mortality were greater in the reference cohort, which may be
due to greater overall mortality in the reference cohort (23.8%)
compared to the OA cohort (19.8%). Indeed, lower mortality in
OA patients compared to the general population has been shown
in previous studies based on populations in Sweden, the
Netherlands, and the US (11–13). However, increased mortality
in OA patients has also been suggested by other studies from
Japan, China, the UK, and the US (4–9). A possible explanation
of smaller absolute educational inequality in mortality in OA
patients may be that OA patients who seek care for their OA
may also get treatment for other underlying health conditions,
leading to overall better health (11,12). However, patients with
OA treated within health care facilities may not be entirely repre-
sentative of all persons with OA (30). More broadly, we observe
that the educational inequalities in mortality in the OA cohort also
existed in the reference cohort, which suggests that the educa-
tional inequalities seen in the OA cohort reflect those in the popu-
lation at large. Thus, these inequalities should mainly be
addressed in the general population in order to even out the
observed disparities between people with different educational
backgrounds, both with and without OA.

Figure 1. Contribution (%) of specific causes of death to the abso-
lute educational inequality in all-cause mortality in the osteoarthritis
(OA) cohort by sex, attained age, and OA type.

Figure 2. Contribution (%) of specific causes of death to the abso-
lute educational inequality in all-cause mortality in the reference cohort
by sex and attained age.
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From a global perspective, public health in Sweden is good.
In 2016, the average life expectancy at birth in Sweden was
81 years in men and 84 years in women, compared to the average
life expectancy of the global population of 72 years in the same
year (https://www.who.int/). However, along with an increasing
remaining average life expectancy at the age of 30 years for all edu-
cational groups in Sweden between 2006 to 2017, there has also
been a trend of increasing disparity in the remaining average life
expectancy between high- and low-educated people (31). In
2017, the remaining average life expectancy at age 30 years was
~6 years shorter in people with pre-secondary versus post-
secondary education (31). The disparities in life expectancy are
reflected in the present study, where higher mortality rates were
observed among the less educated.

Differences in material, psychosocial, and behavioral factors
between socioeconomic groups are commonly used to explain
the creation of health inequality (32). It is more likely that higher
education leads to better economic conditions than low educa-
tion. A better economic situation enables better resources that
influence health outcomes (32). In the psychosocial explanatory
model, health inequality arises from differences among the social
groups in psychological distress (the feeling of stress, discrimina-
tion, low social support, etc.). This psychological distress in turn
has a negative effect on physical health (32). Another commonly
used explanatory model, the behavioral model, explains health
inequality as a product of behavioral differences (smoking preva-
lence, eating habits, cancer screening, etc.) among the groups
(32). Lastly, differences in background health might also cause
differences in academic performance, i.e., there is a reverse cau-
sality between education and health, which could worsen educa-
tional inequality in health. Studies have shown that there is an
association between health in childhood and academic perfor-
mance. For instance, prematurity/low birth weight is associated
with lower educational qualifications in adulthood (33). In the pres-
ent study, it is probable that both health benefits from education
as well as differences in background health contribute to the
observed educational inequalities in mortality.

The contribution of cardiovascular mortality to absolute edu-
cational inequalities in mortality was greater in the OA cohort in
comparison to the reference cohort, reflecting the greater burden
of cardiovascular diseases in the OA cohort. This result is in line
with previous studies that have reported an association between
OA and the metabolic syndrome (34), as well as an association
between increased cardiovascular mortality and OA (5,7,8,14).
Although the observed educational inequalities among OA
patients reflect the inequalities in the population at large, the find-
ing of greater burden of cardiovascular diseases together with
inequalities in cardiovascular mortality in OA patients provides
valuable information for clinicians. By highlighting the observed
inequality, it is possible to take preventative measures in this
defined group of patients. Reduced risk of cardiovascular

mortality within this vulnerable group could potentially be
achieved within, for example, standardized OA management pro-
grams such as Better management of patients with OsteoArthritis
(BOA) and Good Life with osteoArthritis in Denmark (GLA:D)
through personalized information, screening, and initiation of
treatment of cardiovascular risk factors.

Interestingly, cancer-related mortality contributed more to
the absolute educational inequality in mortality in the reference
cohort in comparison to the OA cohort. There were minor differ-
ences between the cohorts in the distribution of cancer types
causing death. The 5 leading causes of cancer-related deaths in
the reference cohort were malignancies of bronchus and lung
(19.2%), colon (9.1%), prostate (8.6%), pancreas (7.0%), and
breast (6.7%), while the leading causes in the OA cohort were
malignancies of bronchus and lung (15.9%), prostate (10.9%),
colon (9.0%), pancreas (8.2%), and breast (7.5%). This minor dif-
ference in distributions might contribute to the higher cancer-
related inequality in mortality in the reference cohort since there
are variations in the strengths of association between different
cancer types and SES (35). Another possible explanation is that
the estimates in the reference cohort reflect the ongoing transition
in the predominant cause of death from cardiovascular death to
cancer-related death, which has been reported in high-income
countries, including Sweden (36). This transition has been sug-
gested to be caused by a reduction in cardiovascular mortality
due to better prevention and treatment of cardiovascular diseases
in high-income countries (36). Results from the Prospective Urban
Rural Epidemiology (PURE) study showed this transition in the
predominant cause of death in middle-age (36), which is consis-
tent with our results wherein cancer-related mortality contributed
more to the absolute educational inequality in mortality in patients
age <75 years compared to older patients. If the shift in predom-
inant cause of death explains the differences seen in cancer-
related mortality between the 2 cohorts, this further emphasizes
the importance of treatment of cardiovascular diseases in OA
patients. A slightly higher respiratory-related mortality was also
found for some subgroups in the reference cohort. However, it is
difficult to speculate what may have caused this difference.

In general, we found smaller educational inequalities for
deaths due to mental and behavioral disorders and diseases of
the nervous system. Among deaths in mental and behavioral dis-
orders and diseases of the nervous system, different forms of
dementia contributed the most to mortality in both the OA cohort
(77.6%) and the reference cohort (75.2%). Studies examining the
association between SES and deaths due to dementia are sparse
(37,38), but an inverse association between educational attain-
ment and dementia mortality has been reported (37,38). The lack
of inequality in our study may be due to the fact that mental and
behavioral disorders and diseases of the nervous system contains
heterogeneous diseases, which in turn may have different associ-
ations with SES.
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We acknowledge several limitations of the present study.
The mortality data used is based on information retrieved from
death certificates, which in turn are coded by the responsible
physicians. Although the Swedish cause of death register is a
high-quality register with high completeness (39), problems with
inaccurate mortality data in the register have been reported (40).
Furthermore, if there are educational differences in reporting
causes of death, our results may be biased. As with data from
the cause of death register, data from the SHR are also prone
to bias, and if these biases are associated with education
(e.g., differences in OA diagnosis based on the patient’s level
of education due to health care avoidance or cognitive bias in
physicians), then our estimates of educational inequality may
be biased. Another limitation of the present study, which also
applies to mortality studies in general, is the use of the single-
cause of death method. By only taking the underlying cause of
death into consideration, useful information is most likely lost
since deaths are often caused by more than 1 disease, particu-
larly among older people. Finally, our results may be generaliz-
able to similar populations living with similar health care
systems as the one in Sweden. In Sweden, the health care is
mainly government-funded, thus the system facilitates relatively
good access to health care services for all inhabitants.

The strengths of our study are the large study sample (virtu-
ally an entire geographically well-defined population) and the
application of the most recent advances in methodology of esti-
mating SII. We used the SII and RII to estimate educational
inequalities and both indices accounted for the population size
within the different socioeconomic groups, which is beneficial
since this may change over time (27–29).

In conclusion, we found an inverse association between edu-
cational attainment and all-cause and cause-specific mortality
among OA patients. The educational inequalities seen in the OA
cohort were also seen in the reference cohort, indicating that the
inequalities in the OA cohort reflect inequalities in the population
at large. Hence, these inequalities should primarily be addressed
in the general population in order to even out the observed dispar-
ities among both people with and without OA. However, our esti-
mates also indicate a greater burden of cardiovascular diseases in
OA patients compared to the reference cohort. The greater bur-
den of cardiovascular diseases applies particularly to OA patients
with low education. This finding generates an opportunity to
reduce educational inequalities in cardiovascular mortality in OA
patients by focusing on prevention and treatment of cardiovascu-
lar risk factors in OA patients.
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Intermetatarsal Bursitis, a Novel Feature of Juxtaarticular
Inflammation in Early Rheumatoid Arthritis Related
to Clinical Signs: Results of a Longitudinal Magnetic
Resonance Imaging Study

Bastiaan T. van Dijk,1 Yousra J. Dakkak,1 Xanthe M. E. Matthijssen,1 Ellis Niemantsverdriet,1

Monique Reijnierse,1 and Annette H. M. van der Helm-van Mil2

Objective. Intermetatarsal bursae in the forefeet possess a synovial lining similar to joints and tendon sheaths.
Inflammation of these bursae (intermetatarsal bursitis [IMB]) was recently identified as specific for early rheumatoid
arthritis (RA). The present study was undertaken to determine if IMB is indeed an RA feature by assessing the follow-
ing: 1) the association with other local inflammatory measures (synovitis, tenosynovitis, and osteitis), 2) the associa-
tion with clinical signs, and 3) whether it responds to disease-modifying antirheumatic drug (DMARD) therapy
similarly to other local inflammatory measures.

Methods. One hundred fifty-seven consecutive early RA patients underwent unilateral contrast-enhanced 1.5T
forefoot magnetic resonance imaging (MRI) at diagnosis. MRIs were evaluated for IMB presence and for synovitis,
tenosynovitis, and osteitis in line with the RA MRI Scoring (RAMRIS) system (summed as RAMRIS inflammation). MRIs
at 4, 12, and 24 months were evaluated for IMB presence and size in patients who had IMB at baseline and received
early DMARD therapy. Logistic regression and generalized estimating equations were used. Anti–citrullinated protein
antibody (ACPA) stratification was performed.

Results. Sixty-nine percent of RA patients had ≥1 IMB. In multivariable analysis on bursa level, presence of IMB
was independently associated with local presence of synovitis and tenosynovitis, with odds ratios (OR) of 1.69 (95%
confidence interval [95%CI] 1.12, 2.57) and 2.83 (95%CI 1.80, 4.44), respectively, but not osteitis. On the patient level,
IMB presence was most strongly associated with tenosynovitis (OR 2.92 [95%CI 1.62, 5.24]). IMB presence was asso-
ciated with local joint swelling (OR 2.7 [95% CI 1.3, 5.3]) and tenderness (OR 1.7 [95% CI 1.04, 2.9]) independent of
RAMRIS inflammation. During treatment, IMB size decreased between 0 and 12 months. This decrease associated
with decrease in RAMRIS inflammation, which was driven by synovitis decrease. Within ACPA-positive and ACPA-
negative RA, similar results were obtained.

Conclusion. IMB particularly accompanies inflammation of the synovial lining of joints and tendon sheaths,
showed a similar treatment response after DMARD initiation, and associates with typical clinical signs. These findings
suggest that IMB represents a frequently present novel RA feature of juxtaarticular synovial inflammation.

INTRODUCTION

Rheumatoid arthritis (RA)–related local inflammation in the

hands and forefeet can be reliably and sensitively assessed using

magnetic resonance imaging (MRI) (1,2), which is recommended

by the European Alliance of Associations for Rheumatology for

early detection of RA (3). Three features of local inflammation are

assessed according to the conventionally used RA MRI Scoring

(RAMRIS) system: synovitis, tenosynovitis, and osteitis (4).

Although RA is traditionally known for targeting the synovial lining

of (small) joints (synovitis), MRI studies have shown that juxtaarti-

cular synovial inflammation in the form of tenosynovitis is typical
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for the disease as well; tenosynovitis at the small joints represents

inflammation of the synovial lining of tendon sheaths, is specific for

early RA, and contributes to RA-specific symptoms (5–8).
Forefoot involvement is frequent in RA and an important

cause of symptoms and disability (9). Specifically in the forefeet,
in addition to synovial joints and tendon sheaths, another distinct
tissue with a synovial lining but without connection to the metatar-
sophalangeal (MTP) joints is present and may become inflamed:
the intermetatarsal bursae (10–13). MRI-detected intermetatarsal
bursitis (IMB) was recently identified as highly specific for early
RA and to be less frequent in healthy controls and non-RA arthrit-
ides (14). Although IMB has been described in established RA
and is associated with foot-related disability (15,16), its role in
early disease has barely been explored. Two studies have thus
far reported a prevalence of IMB in early RA of 63% and 69%
(14,17). One of these studies also showed that IMB associates
with RA independently from clinical factors (age, sex, and body
mass index) (14). Bursae have a function in reducing mechanical
strain and friction. Mechanical strain (e.g., due to deformities or
altered mechanical loading) is suggested to be involved in bursitis
development, but reports on its role in IMB development in early
RA are contradictory (18–20). In short, there is some evidence
suggesting that IMB is a feature of early RA, but scientific data
are scarce.

Because RA is the most common inflammatory disease in
the field of rheumatology and foot symptoms are common in indi-
viduals with RA, we believe it is essential to understand the path-
ophysiology of forefoot symptoms. The forefeet undergo
mechanical loading during walking. In recent-onset RA, mechani-
cal loading may possibly influence forefeet inflammation and/or
aggravate forefeet symptoms. As such, IMB can be part of inflam-
mation that relates to symptoms. We hypothesized that if IMB is
indeed a feature of early RA, it should associate with known MRI

inflammation measured by the RAMRIS (synovitis, tenosynovitis,
and osteitis), as well as with typical signs related to RA (joint ten-
derness and swelling) at diagnosis. To determine this, we per-
formed a large cross-sectional MRI study. Finally, we
hypothesized that IMB should also respond to treatment with
disease-modifying antirheumatic drugs (DMARDs), analogous to
MRI inflammation measured by the RAMRIS (21,22). Follow-up
MRIs were evaluated to study this.

PATIENTS AND METHODS

Patients. The Leiden Early Arthritis Clinic (EAC) is an incep-
tion cohort based in the Leiden University Medical Centre (LUMC)
in The Netherlands and has been enrolling patients with clinically
apparent arthritis of recent onset (symptom duration <2 years)
since 1993. Its design has been described previously (23). At base-
line, tender and swollen joint counts were conducted, Disease
Activity Score (DAS) was assessed, and blood samples were taken
tomeasure C-reactive protein level, erythrocyte sedimentation rate,
IgG anti–citrullinated protein antibodies (ACPAs), and IgM rheuma-
toid factor (24). Follow-up visits were scheduled at 4 months,
12 months, and yearly thereafter. All patients provided written
informed consent. This study was carried out in compliance with
the Declaration of Helsinki, and all participating patients provided
written informed consent. The Leiden EAC was approved by the
Medical Ethics Committee of the LUMC (B19.008).

From June 2013 onwards, the EAC protocol included
contrast-enhanced MRI of the forefoot. For the current study,
we included 157 consecutive DMARD-naive, early RA patients
from the EAC who were enrolled from June 2013 to March
2016. Fourteen patients with early RA were excluded because of
missing baseline MRIs, and 5 others were excluded because of
insufficient quality of MRIs. RA was defined as a clinical diagnosis
plus fulfilment of the 2010 RA classification criteria within 1 year
after inclusion (25).

Clinical signs typical for RA. Joint tenderness and swell-
ing were assessed at physical examination by a trained research
nurse. Joint swelling was also assessed independently by a rheu-
matologist and was considered positive if both assessors agreed
on its presence in the same joint (26). Research nurses participate
regularly in consensus exercises for joint examination led by a
rheumatologist to maintain interobserver agreement.

MRI scanning and baseline evaluation. Shortly after
the first visit (when clinical assessment was done) and before
any DMARDs were started (the period between the first visit and
MRI was 9 days on average), all patients underwent unilateral
contrast-enhanced 1.5T ONI MRI (GE) of the first through the fifth
MTP joints on the most painful side. In the case of symmetrically
severe symptoms, the dominant side was scanned. The MRI pro-
tocol is described in more detail in Supplementary Appendix A,

SIGNIFICANCE & INNOVATIONS
• Inflammation of the synovium-lined intermetatar-

sal bursae (intermetatarsal bursitis [IMB]) is fre-
quently present at diagnosis of rheumatoid
arthritis (RA) (69%), both in anti–citrullinated protein
antibody (ACPA)–positive (75%) and ACPA-negative
(64%) patients, and associates with local joint ten-
derness and swelling.

• IMB also associates with known RA-related mag-
netic resonance imaging (MRI) inflammation (syno-
vitis and tenosynovitis).

• After initiation of disease-modifying antirheumatic
drugs, IMB decreases in a fashion similar to known
RA-related MRI inflammation and disease activity
(according to the Disease Activity Score), suggesting
a treatment response.

• These findings imply that IMB is indeed a novel jux-
taarticular inflammatory feature of RA.
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available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24640. All MRIs were
scored blinded for clinical data.

The intermetatarsal bursae lie in the superior intermetatarsal
spaces, which are bordered medially and laterally by the metatar-
sal heads, dorsally by the deep dorsal aponeurosis, and plantarly
by the deep transverse metatarsal ligament (10,12). IMB was
therefore defined as contrast enhancement of the bursa in the
superior intermetatarsal space, with or without rim enhancement,
visible on ≥2 consecutive slices in both planes (axial and coronal).
For each superior intermetatarsal space (4 per foot), presence of
IMB was recorded by 2 independent readers (YJD and MR),
who then determined the final scores by consensus; an IMB
lesion was considered present if both agreed on this. This IMB
scoring method was described previously; the specificity for RA
of IMB presence assessed in this manner was 84% compared
to healthy controls (14). Next to IMB presence, the size of the
lesions in dorsoplantar direction (in mm) was recorded (14) to
enable assessment of changes in size at follow-up. Size measure-
ments are described in more detail in Supplementary Figure 1,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24640.

To assess the relation between IMB and other MRI measures
of local inflammation, MRIs were also evaluated for synovitis,
tenosynovitis, and osteitis in line with the RAMRIS system by
2 independent readers, as described previously (2,27,28). To
obtain the total RAMRIS inflammation score for each patient, the
scores for synovitis, tenosynovitis, and osteitis were summed;
the average of the scores of both readers was used (29). At joint
level, presence of RAMRIS inflammation was stringently defined
based on consensus: synovitis, tenosynovitis, or osteitis were
considered present per location if that feature was scored as ≥1
by both readers independently, concordant to the literature (26).
Detailed information on RAMRIS inflammation scoring is pre-
sented in Supplementary Appendix A, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24640.

Follow-up MRIs. MRIs were repeated over time (scheduled
at 4, 12, and 24 months from baseline) in patients included from
June 2013 until February 2015; a flowchart illustrating patient selec-
tion for longitudinal analyses is presented in Supplementary
Figure 2, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24640. The course
of IMB was evaluated longitudinally in patients who had ≥1 IMB
lesion at baseline and received early DMARD therapy. “Early”
therapy was defined as DMARD initiation (including glucocorticoids)
within 100 days from first presentation at the outpatient clinic.

For IMB, both its presence and lesion size were evaluated. For
the latter, a composite measure was used: the averaged IMB size
(in mm), calculated by summing the dorsoplantar sizes of all IMB
lesions in any intermetatarsal space and dividing the result by
4 (the maximum number of IMB lesions). The dorsoplantar size

was used and not the transversal size because intermetatarsal bur-
sae are confined transversally by the metatarsal heads and may,
theoretically, distend dorsoplantarly more freely (30).

MRIs were scored in known time order. IMB presence and
size were assessed without simultaneously performing RAMRIS
scoring. In addition, the same set of MRIs was scored by another
independent trained reader, who performed RAMRIS scoring.
Interreader and intrareader intraclass correlation coefficients
(ICCs) for IMB were 0.90 and 0.85, respectively (see Supplemen-
tary Table 1, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24640). For the
RAMRIS system, interreader and intrareader ICCs were ≥0.90,
as published previously (2).

Statistical analyses. First, the association between pres-
ence of IMB and RAMRIS inflammation at baseline was assessed
at the patient and bursa levels. At the patient level, univariable
logistic regression was used with continuous scores for RAMRIS
inflammation (synovitis, tenosynovitis, osteitis, and total RAMRIS
inflammation score) as independent variables. Bursa-level analy-
ses were performed using univariable generalized estimating
equations (GEEs), with presence of RAMRIS inflammation (syno-
vitis, tenosynovitis, osteitis, and presence of any of these 3) in
the 2 joints neighboring the bursa as independent variables. Both
at the patient and bursa levels, multivariable models with synovi-
tis, tenosynovitis, and osteitis as separate independent variables
were performed because these features often co-occur.

Secondly, it was assessed at joint level whether presence of
IMB at baseline contributes to 2 clinical signs typical for RA: joint
tenderness and swelling. Univariable GEEs were used with ten-
derness or swelling of the MTP joint as outcome, and IMB pres-
ence in the adjacent intermetatarsal space as independent
variable. Multivariable GEEs adjusted for concurrent presence of
RAMRIS inflammation (synovitis, tenosynovitis, or osteitis). The
first MTP joint was not included in these analyses because it is a
predilection site for other diseases than RA (e.g., gout and osteo-
arthritis), which could introduce tenderness or swelling unrelated
to RA (26).

Longitudinally, at patient level, the mean averaged IMB size
and total RAMRIS inflammation were modeled over time using
GEEs and visualized in 1 graph. The DAS score (calculated with
a 4-component formula based on 44 joints) (31) was plotted as
well. Associations between the time courses of IMB and RAMRIS
inflammation were assessed at the patient level using univariable
GEEs, with changes in averaged IMB size as dependent vari-
ables, and changes in RAMRIS inflammation (synovitis, tenosyno-
vitis, osteitis, and total scores) as independent variables. Again, a
multivariable GEE with the 3 inflammation features as separate
independent variables was performed. GEE models were limited
to the 0–4 and 4–12 month intervals to optimize the fit because
thereafter, patient numbers were lower and MRI-detected inflam-
mation was stable.
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Sensitivity analyses were performed by repeating the patient-
level longitudinal analyses in the subgroup of patients who
received methotrexate as initial DMARD therapy since methotrex-
ate was most often used as a first-line DMARD therapy, as rec-
ommended by international guidelines for RA management (32).

Analyses were repeated with stratification for ACPA status
because ACPA-positive and ACPA-negative RA are considered
different entities (22,33,34). Effects of ACPA status on the time
courses of IMB and total RAMRIS inflammation at the patient level
were assessed by adding ACPA status and the interaction
between ACPA status and MRI time point as independent vari-
ables to the longitudinal models. SPSS, version 25, was used.
Two-sided P values less than 0.05 were considered statistically
significant. Data are available from the corresponding author upon
reasonable request.

RESULTS

Patient characteristics. Baseline characteristics are pre-
sented in Table 1. IMB was present in 109 patients (69%). IMB
was more often present in patients with a higher swollen joint

count and tended to be more often present in ACPA-positive RA
(75% versus 64% in ACPA negative; P = 0.13).

IMB occurs together with tenosynovitis and
synovitis. Patients withMRI-detected IMBweremore likely to have
higher total RAMRIS inflammation scores (Table 2). Also, evaluation
of synovitis, tenosynovitis, and osteitis separately showed that
patients with IMB were more likely to have higher scores for all these
inflammatory features. Multivariable analyses showed that IMB pres-
ence was associated with high tenosynovitis scores. Thus, patients
with a higher severity of tenosynovitis had IMB more frequently.

Analyses were then done at the bursa level. IMB was more
often present at locations with synovitis, tenosynovitis, or osteitis
in the adjacent MTP joints (Table 3). In multivariable analyses, the
presence of IMB was associated with local presence of synovitis
and tenosynovitis, with odds ratios (ORs) of 1.69 (95% confi-
dence interval [95% CI] 1.12, 2.57) and 2.83 (95% CI 1.80,
4.44), respectively. In contrast, it was not associated with pres-
ence of inflammation in the adjacent bones (osteitis) in multivari-
able analysis. Two example MRI images of IMB co-occurring
with tenosynovitis are presented in Figure 1. Additional example

Table 1. Baseline characteristics of all rheumatoid arthritis patients studied according to presence of IMB*

Characteristic

IMB at baseline

All patients Present Absent
(n = 157) (n = 109) (n = 48)

Age, mean ± SD years 59 ± 14 58 ± 14 61 ± 14
Female, no. (%) 109 (69) 74 (68) 35 (73)
BMI, mean ± SD 26 ± 5 26 ± 4 26 ± 5
Symptom duration, weeks 11 (5–28) 10 (5–27) 12 (5–31)
SJC† 7 (3–11) 8 (4–11) 4 (1–11)
TJC 5 (3–7) 5 (3–7) 5 (3–8)
Swollen MTP joint(s), no. (%) 57 (36) 43 (39) 14 (29)
ESR, mm/hour 28 (14–45) 28 (14–41) 27 (10–49)
DAS, mean ± SD 3.1 ± 0.8 3.1 ± 0.8 3.0 ± 0.8
ACPA positive, no. (%) 83 (53) 62 (57) 21 (44)
RF positive, no. (%)† 101 (64) 76 (70) 25 (52)
No. of IMB lesions 1 (0–3) 2 (1–3) –

* Values are the median (interquartile range) unless indicated otherwise. ACPA = anti–citrullinated protein anti-
body; BMI = body mass index; DAS = Disease Activity Score; ESR = erythrocyte sedimentation rate;
IMB = intermetatarsal bursitis; MTP = metatarsophalangeal; RF = rheumatoid factor; SJC = swollen joint count;
TJC = tender joint count.
† Statistically significant at the 0.05 level.

Table 2. The association between the presence of IMB and RAMRIS inflammation scores in the forefoot at the
patient level at first presentation (n = 157)*

Univariable Multivariable†

Range Median (IQR) OR (95% CI) P OR (95% CI) P

Total RAMRIS inflammation 0–30 4 (1–9) 1.51 (1.28, 1.78) <0.001 – –

Synovitis 0–10 1 (0–3) 1.98 (1.45, 2.72) <0.001 1.12 (0.77, 1.65) 0.55
Tenosynovitis 0–12 1 (0–3) 3.42 (1.97, 5.95) <0.001 2.92 (1.62, 5.24) <0.001
Osteitis 0–20 1 (0–3) 1.70 (1.27, 2.27) <0.001 1.38 (0.97, 1.97) 0.074

* 95% CI = 95% confidence interval; IMB = intermetatarsal bursitis; IQR = interquartile range; OR = odds ratio;
RAMRIS = Rheumatoid Arthritis Magnetic Resonance Imaging Scoring (system).
† Including synovitis, tenosynovitis, and osteitis scores as independent variables.
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MRI images are presented in Supplementary Figure 3, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24640.

IMB contributes to joint tenderness and swelling
independent of RAMRIS inflammation. One hundred fifty-
seven RA patients contributed 628 MTP joints, of which
200 (32%) were tender and 81 (13%) were swollen. Joints with
adjacent IMB were more likely to be tender (OR 2.1 [95% CI 1.3,
3.4]) and swollen (OR 3.1 [95% CI 1.6, 6.2]). Multivariable analy-
ses showed that IMB presence was associated with both clinical
signs independent of synovitis, tenosynovitis, and osteitis
(adjusted OR [ORadj] of 1.7 [95% CI 1.04, 2.9] for tenderness
and ORadj of 2.7 [95% CI 1.3, 5.3] for swelling).

IMB decreases after DMARD initiation in a fashion
similar to synovitis and tenosynovitis. Of the 109 patients
who were IMB positive at baseline, 101 received early DMARD
therapy, of whom 73 patients were included before February
2015 (the period wherein follow-up MRIs were made; see Supple-
mentary Figure 2, available at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24640). Follow-up MRI was available for 55 (75%)
of these patients. Longitudinal MRIs (at 4, 12, and 24 months) of
these 55 patients were evaluated to assess the time course of
IMB after DMARD initiation.

The time courses of IMB and total RAMRIS inflammation are
depicted in Figure 2A. Both measures decreased statistically sig-
nificantly between baseline and 12 months: the mean averaged
IMB size was 6.7 mm at baseline and decreased by 3.1 mm
(95% CI 2.2, 4.1; P < 0.001), while the mean total RAMRIS
inflammation was 7.7 points at baseline and decreased by 4.1
points (95% CI 2.4, 5.7; P < 0.001) between 0 and 12 months.

Next, we assessed the relation between changes in IMB and
simultaneous changes in RAMRIS inflammation over time.
Between baseline and 12 months, greater decrease in averaged
IMB size was statistically significantly associated with greater
decrease in total RAMRIS inflammation (Figure 2A). The 3 RAM-
RIS inflammation features were also assessed separately for their
relation to IMB decrease (see Supplementary Table 2, available

Table 3. The association between the presence of IMB and the presence of RAMRIS inflammation in neighboring
joints at first presentation (n = 628 bursae)*

Univariable Multivariable†

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

Any feature 2.67 (1.91, 3.73) <0.001 – –

Synovitis 2.63 (1.84, 3.76) <0.001 1.69 (1.12, 2.57) 0.013
Tenosynovitis 3.69 (2.40, 5.67) <0.001 2.83 (1.80, 4.44) <0.001
Osteitis 1.99 (1.33, 2.98) 0.001 1.30 (0.81, 2.08) 0.28

* 95% CI = 95% confidence interval; IMB = intermetatarsal bursitis; OR = odds ratio; RAMRIS = Rheumatoid Arthritis
Magnetic Resonance Imaging Scoring (system).
† Including synovitis, tenosynovitis, and osteitis presence as independent variables.

Figure 1. Magnetic resonance imaging (MRI) of 2 disease-
modifying antirheumatic drug–naive, early rheumatoid arthritis
patients showing MRI-detected intermetatarsal bursitis (IMB) co-
occurring with synovitis and flexor tenosynovitis (A) and with extensor
tenosynovitis (B) using coronal T1-weighted fat-suppressed images
after gadolinium administration of the forefoot at the level of the meta-
tarsal heads. Both patients show enhancement of thickened syno-
vium in the intermetatarsal spaces 1–3, consistent with IMB
(arrows). Patient A (female, 33 years old) (A) shows peripheral
enhancement in the third intermetatarsal space with a central area of
lower signal intensity consistent with fluid. At the third metatarsopha-
langeal joint, there is enhancement surrounding the flexor tendon
consistent with tenosynovitis (46) (dotted arrows) as well as synovitis
(arrowhead). Patient B (female, 41 years old) (B) shows peripheral
enhancement in the first intermetatarsal space with a central area of
lower signal intensity consistent with fluid. In addition, there is
enhancement surrounding extensor tendons consistent with teno-
synovitis (dotted arrows) (46).
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on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24640). In univariable analyses,
patients with greater decreases in synovitis and tenosynovitis on
average underwent a greater simultaneous decrease in IMB. Multi-
variably, IMB decrease was associated with synovitis decrease in
the same time interval. Notably, IMB decrease was not related to
osteitis decrease, both in univariable and multivariable models.
Last, DAS score over time in relation to IMB was plotted (see Sup-
plementary Figure 4, available on the Arthritis Care & Research

website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24640).
Longitudinal MRI images of a patient showing decreasing

IMB are presented in Figure 3. An additional series is presented
in the supplementary file (see Supplementary Figure 5, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24640).

Sensitivity analysis. Forty-seven of 55 longitudinally stud-
ied patients (85%) received methotrexate as initial DMARD ther-
apy. Longitudinal analyses were repeated in this subgroup.
Results were similar to those of the main analyses (see Supple-
mentary Tables 3–4 and Supplementary Figures 6–7, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24640).

Analyses stratified for ACPA positivity. Analyses of the
relation between IMB and RAMRIS inflammation at baseline and
in the first year of follow-up did not show meaningful differences
between ACPA-positive and ACPA-negative RA (see Supplemen-
tary Tables 5–7, available on the Arthritis Care & Researchwebsite
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24640), except
that in univariable analyses at baseline the association between

Figure 2. Intermetatarsal bursitis (IMB) size (circles) and total Rheumatoid Arthritis Magnetic Resonance Imaging Scoring (RAMRIS) system
inflammation (diamonds) in the forefoot over time (n = 55) in all patients (A) and in anti–citrullinated protein antibody (ACPA)–positive and ACPA-
negative patients separately (B). * = β signifies the association of change in averaged IMB size with change in total RAMRIS inflammation between
0 and 12 months, estimated using generalized estimating equations. IMB decrease was statistically significantly associated with total RAMRIS
inflammation decrease at the 0.05 level in all patients (A) and in both ACPA subsets (B). 95% CI = 95% confidence interval.
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IMB and osteitis was statistically significantly only in ACPA-
positive patients. IMB presence at baseline was associated with
local joint tenderness independent of RAMRIS inflammation only

in ACPA-positive patients (ORadj 3.0 [95% CI 1.6, 5.6]; see
Supplementary Table 8, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24640).
The association with joint swelling seemed present in both groups
but only reached statistical significance in ACPA-positive patients
(ORadj 3.3 [95% CI 1.2, 9.1]).

Longitudinally, decreases in both averaged IMB size and
total RAMRIS inflammation between 0 and 12 months appeared
to be more pronounced in ACPA-negative RA (Figure 2B). This
was statistically significant for IMB (2.4 mm [95% CI 0.4, 4.4]
greater decrease in ACPA-negative versus ACPA-positive RA)
but not for total RAMRIS inflammation (0.2 [95% CI –3.1, 3.6]
points greater decrease in ACPA-negative versus ACPA-positive
RA). Baseline values of averaged IMB size and total RAMRIS
inflammation were not statistically significantly different.

DISCUSSION

RA is traditionally known as an autoimmune disease target-
ing the synovial lining of (small) joints. There is mounting evidence
indicating that juxtaarticular synovial inflammation is an important
trait of the disease as well. Recently, tenosynovitis was the first
feature of such juxtaarticular inflammation to be identified as a trait
of RA (6). Our study shows that IMB frequently occurs in RA at the
time of diagnosis, especially when synovitis and tenosynovitis
were also present, and that it contributes to joint tenderness and
swelling independent of known MRI features. These data
enhance our understanding of forefoot inflammation in RA and
support the notion that IMB might be another feature of juxtaarti-
cular synovial inflammation in RA.

The current study is the first to investigate IMB in early RA
during follow-up and in relation to known RA inflammation fea-
tures (RAMRIS inflammation). We demonstrated that IMB
decreased after DMARD initiation; a decrease that was most
strongly related to a decrease in synovitis severity. This decrease
of IMB was as one would expect from an RA treatment response.
These findings may therefore further support the notion that IMB
is truly a feature of RA.

Recognition of IMB is clinically relevant because it could add
to the set of RA features and characteristics that physicians may

Figure 3. Longitudinal magnetic resonance imaging of decreasing
intermetatarsal bursitis (IMB) in an early rheumatoid arthritis patient
(female, 33 years old at baseline; corresponds to patient in
Figure 1A) using coronal T1-weighted fat-suppressed images after
gadolinium administration of the forefoot at the level of the metatarsal
heads. The different time points are shown vertically: baseline (A),
4 months (B), 12 months (C), and 24 months (D). IMB (arrows) is vis-
ible in intermetatarsal spaces 1–3 with concomitant synovitis and
flexor tenosynovitis at the third metatarsophalangeal joint. All inflam-
mation decreased after initiation of disease-modifying antirheumatic
drugs; minimal IMB in the third space remained visible after 2 years.
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consider when evaluating patients with (suspected) RA. Our find-
ings suggest that IMB contributes to the clinical appearance of
metatarsalgia and arthritis. More specifically, it could aid in the
interpretation of forefoot symptoms and walking disabilities in the
absence of synovitis on imaging.

While IMB in RA has been described in small case reports
and larger studies in long-standing disease (16,35–37), the cur-
rent study is the first large MRI study in early RA. The prevalence
of MRI-detected IMB in our baseline sample was published previ-
ously and amounted to 69% (14), which is in line with the 63%
previously reported in a small MRI study in early RA (n = 30
patients) (17). The results of the present and previous imaging
studies are concordant in their finding that IMB is prevalent in a
majority of RA patients at diagnosis. In addition, data of our study
suggest that IMB is especially present in patients presenting with
extensive inflammation, measured by the swollen joint count or
total RAMRIS inflammation.

The association between IMB and joint swelling was
described previously in a study on early arthritis, which also
included the RA patients studied here (26). However, the current
finding that this association is present in RA patients specifically,
independent of RAMRIS inflammation, is novel. Moreover, we
now also show that IMB contributes to joint tenderness, which is
a subject of utmost importance from the patient perspective
(38). The association of IMB with joint swelling appeared some-
what stronger than its association with tenderness, generating
the question whether the latter is partly caused by the former.
When restricting analyses to nonswollen joints only (n = 540), the
effect size changed only slightly (the ORadj for RAMRIS inflamma-
tion went from 1.7 [95% CI 1.04, 2.9] to 1.5 [95% CI 0.8, 2.8]). In
our view, this suggests that IMB contributes not only to joint swell-
ing but also to tenderness without clinical swelling.

IMB was frequently present in both ACPA-positive and
ACPA-negative RA at diagnosis. The prevalence was higher in
the ACPA-positive group, but this finding was not statistically sig-
nificant. The association of IMB presence with simultaneous pres-
ence of synovitis (at the joint level) and tenosynovitis (at the patient
and joint level) was also positive in both groups. While ACPA-
positive patients were more likely to have IMB in the presence
of osteitis in univariable analyses, this association was not statisti-
cally significant in ACPA-negative patients. This difference
between ACPA-positive and ACPA-negative RA is in line with pre-
vious findings showing that osteitis associates particularly with
ACPA-positive RA (39,40). Despite similar associations of IMB
with RAMRIS inflammation, associations with joint tenderness
and swelling were more prominent in ACPA-positive than ACPA-
negative RA. In both RA groups, however, IMB decreased signifi-
cantly over time in a fashion similar to total RAMRIS inflammation.
Moreover, patients in both groups showed greater IMB decrease
when total RAMRIS inflammation decreased more strongly. Thus,
although ACPA-positive and ACPA-negative RA have differences
in risk factors, presumed etiology, and severity of disease course

(33,34,41), IMB is prevalent and behaves similarly in relation to
RAMRIS inflammation in both disease subsets.

Hypothetically, mechanical strain could promote develop-
ment of bursitis. If so, one may assume that IMB decrease is sec-
ondary to decreasing mechanical pressure from reduction in
neighboring synovitis (18–20). Exploratory analyses showed that
IMB lesions with adjacent synovitis at baseline did not dissipate
more often (44% after 12 months versus 57% for IMB lesions
without adjacent synovitis; P = 0.17), arguing against a secondary
treatment effect by decreasing mechanical pressure from neigh-
boring synovitis.

We measured IMB size in dorsoplantar direction according
to the literature and because this was expected to represent total
lesion size more accurately than axial measurements. Intermeta-
tarsal bursae are confined axially by the metatarsal heads and
may therefore distend dorsoplantarly more freely (30). Influence
of mechanical factors on dorsoplantar distension was most likely
limited, as MRIs were made in supine, non–weight bearing posi-
tion. Still, potentially relevant aspects of the time course of IMB
might have gone unnoticed by focusing on the dorsoplantar
dimension. Ideally, total IMB volume is used, but reliable measur-
ing methods were not available and beyond the scope of the cur-
rent investigation.

An important strength of the current study was the relatively
large sample size at baseline compared to previous imaging stud-
ies of IMB in early RA (17,35). Second, results were robust across
patient- and joint-level analyses. Last, owing to the design of the
Leiden EAC, which is an inception cohort with extensive follow-
up including MRI scans at multiple time points, we were able to
perform novel longitudinal analyses of MRI-detected IMB in
early RA.

There are also limitations. First, the method we used to score
the presence and size of IMB lesions is novel and not yet system-
atically validated. On the other hand, it was developed in collabo-
ration with a musculoskeletal radiologist (MR) with >20 years of
experience, and interreader and intrareader reliability were good
(ICCs ≥0.85). Second, MRIs were scored in chronological order
to achieve better sensitivity to change, which is in line with the lit-
erature (2,27,42–44). Theoretically, this may have caused bias in
the form of greater change scores than would have been the case
with blinding for time order. However, impact on the main objec-
tive to assess associations between IMB and RAMRIS inflamma-
tion over time is assumed to be limited, as we have no reason to
believe that the improvement in sensitivity to change is different
between IMB and RAMRIS inflammation. Third, regression to the
mean could have occurred in the longitudinal part of the study
since only patients who were IMB positive at baseline were
included. It might be interesting to assess in a subsequent study
whether IMB-negative patients may develop IMB over time
despite receiving DMARDs or during flares. Furthermore, as RA
patients were treated and we did not perform a randomized clini-
cal trial with a placebo arm, we interpreted the decrease in DAS
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score, RAMRIS inflammation, and IMB as treatment response,
but this was not formally proven. Although both IMB and RAMRIS
inflammation decreased statistically and numerically significantly
(by 46% and 53%, respectively), minimal reference values for
determining a response in these measures are not available. We
also had insufficient power to stratify analyses by individual
DMARDs other than methotrexate. Finally, any association of
IMB with deviations of forefoot bones (e.g., hallux valgus and
hammer toes) that might hypothetically influence IMB could not
be taken into account, as no weightbearing radiographs were
made (18–20,45).

Recognition of IMB as an RA feature paves the way for further
study of its properties in the disease. A case report suggested that
IMB can be recognized by the feature “opening toes” related to
enlargement of the space between adjacent toes (37). Although such
a clinical sign to detect IMB has the advantage of being less costly
and time-consuming than MRI, it has so far not been systematically
studied. The contribution of IMB to walking disabilities, including the
role therein of biomechanical factors such as pressure distribution, is
another subject for further research. For RA patients with prominent
foot symptoms and/or walking disabilities, it would be especially valu-
able to see if amelioration of IMB correlates with symptomatic and
functional improvement and, if so, which individual DMARDs or addi-
tional therapeutic approaches influence IMB and forefoot symptoms.
In addition, it could be studied whether IMB is of pathophysiologic rel-
evance or just reflects extensive synovial inflammation pertaining to
higher disease activity. For example, the causal relation between
synovitis, tenosynovitis, and IMB could be investigated in a histopath-
ologic study differentiating the types of synovitis. Last, although IMB
has been reported to be detectable by ultrasound (15), which is more
easily accessible in daily practice than MRI, its correlation with MRI-
detected IMB in early RA has not yet been studied.

In conclusion, IMB behaves in line with known RA character-
istics; it particularly accompanies inflammation of the synovial lin-
ing of joints and tendon sheaths, shows a similar treatment
response after DMARD initiation, and contributes to typical clinical
signs. These findings support the notion that IMB is a novel
inflammatory feature of early RA.
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Evidence-Based Research on Effectiveness of Periodontal
Treatment in Rheumatoid Arthritis Patients: A Systematic
Review and Meta-Analysis

Daniela S. Silva,1 Fl�avio Costa,2 Isabel P. Baptista,3 Tânia Santiago,2 Hans Lund,4 Simon Tarp,5

José A. P. daSilva,6 and Robin Christensen7

Objective. To gauge the evidence of periodontal therapy’s impact on measures of disease activity and systemic
inflammatory burden in individuals with rheumatoid arthritis (RA).

Methods. A search for randomized trials and controlled cohort studies of RA patients with periodontitis was con-
ducted on April 7, 2019, with an update on December 17, 2020 in PubMed, Cochrane Library (CENTRAL), Embase,
ClinicalTrials.gov, and the World Health Organization International Clinical Trial Registry Platform portal. Two reviewers
screened titles and abstracts and selected papers for full-text review. We used Outcome Measures in Rheumatology
(OMERACT)–endorsed outcome domains for RA trials and summarized continuous outcomes using standardized
mean differences (SMDs) with 95% confidence intervals (95% CIs). We evaluated inconsistency using the I2 statistic
and combined SMDs using random-effects models for the meta-analyses; fixed-effect meta-analyses were used for
sensitivity analysis. To explore heterogeneity, we added stratified/meta-regression analyses, expressed in T2.

Results. Of the 1,909 studies identified, 9 (including 10 comparisons) were eligible for quantitative synthesis
(n = 388). Evidence suggested a favorable effect of periodontal treatment on disease activity (SMD –0.88 [95% CI
–1.38, –0.38]; n = 311). The Grading of Recommendations Assessment, Development and Evaluation (GRADE)
approach was used to judge the estimates’ certainty; evidence rated as having low or very low certainty indicated that
any possible effect of periodontal treatment in RA is likely to change as more evidence is provided. Selection bias and
RA medication stability were highlighted as sources of heterogeneity between studies.

Conclusion. There is an urgent need for a well-designed prospective cohort study (preferably a randomized con-
trolled trial) of patients with RA and periodontitis using rigorous protocols, standardized diagnostic criteria, data collec-
tion, and adequate duration of follow-up.

INTRODUCTION

Periodontitis, a destructive inflammatory disease affecting

the supporting tissues of teeth, is the most prevalent bacteria-

driven chronic disease in humans (1). It has been considered a

comorbidity for many other chronic conditions (2). Accumulating

evidence indicates that effectively treating periodontitis may also

result in significant beneficial effects on coexisting systemic

diseases (3,4).

Rheumatoid arthritis (RA) is an autoimmune disease charac-

terized by chronic, painful inflammation of the joints, which even-

tually leads to joint destruction, disability, and increased mortality

(5). The current etiologic paradigm suggests that RA is triggered

by a combination of genetic and (yet unknown) environmental fac-

tors that lead to the breakdown of immunotolerance at mucosal

surfaces, specifically the lungs, gut, and periodontium (6).

Researchers have hypothesized that bacteria from the inflamed

gingivae operate as a source of citrullinated peptides, which can
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initiate and fuel the biological processes leading to and maintain-

ing RA (7). Such a progression would suggest that treating peri-

odontitis might result in significant amelioration of the disease

process in RA. Additionally, it is plausible that the increase of

acute-phase reactants induced by periodontitis may increase RA

evaluation scores and lead to overtreatment (8). Effective treat-

ments for periodontitis, which are readily available, might improve

disease activity or at least prevent undesirable overtreatment.
To reveal any previous evidence synthesis initiatives explor-

ing the impact of periodontal interventions on patient-important
outcomes in RA, we performed a pragmatic search for systematic
reviews available from PubMed while preparing our review proto-
col (see Supplementary Appendix A, available on the Arthritis

Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24622). Only 2 systematic reviews were available
that examined the nonsurgical periodontal treatment influence
on clinical and biochemical measures for RA (9,10). As we were
aware that new studies have been published since the last pub-
lished systematic review search was closed in 2014, we applied
an updated, unbiased, and transparent appraisal of the literature
using current evidence synthesis techniques (11). So, following
the principles of evidence-based research (12), we aimed to sum-
marize the evidence regarding the effect of periodontal therapy on
measures of disease activity and actual inflammatory burden in
individuals with RA and to provide recommendations for future
research addressing the knowledge gaps.

MATERIALS AND METHODS

Protocol and registration.We conducted our systematic
review according to a prespecified and publicly registered proto-
col (PROSPERO CRD42018103359); the full Preferred Reporting
Items for Systematic Reviews and Meta-Analyses protocol
(PRISMA-P) is available in Supplementary Appendix A, available
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24622 (13). Results
and the full manuscript are reported according to the recommen-
dations given in the PRISMA statement (14).

Data sources and search. We conducted our database
search on April 7, 2019, with an update on December 17, 2020,
in Medline (PubMed), the Cochrane Library (CENTRAL), Excerpta
Medica Database (Embase), ClinicalTrials.gov (http://www.

clinicaltrials.gov), and the World Health Organization International
Clinical Trial Registry Platform portal (WHO-ICTRP), as recom-
mended by the Cochrane Musculoskeletal Group (15).

The following 3 search areas were combined in the study as
medical subject headings/keywords, as subheadings, and as free
text in the title or abstract: 1) RA; 2) periodontitis; and 3) controlled
trials. The specific search strategies were created by a health sci-
ences librarian/information specialist with expertise in systematic
review searching. The Medline strategy was developed with input
from the project team and then peer reviewed by a second librar-
ian using Peer Review of Electronic Search Strategies (PRESS)
(16). Once the Medline strategy was finalized, it was adapted to
the syntax and subject headings of the other databases we used.
The subsequent specific search strategies are detailed in Supple-
mentary Appendix A, available at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24622.

The lists of references of retrieved studies and relevant
reviews were manually checked to add any citations missed by
the electronic searches (including citation search from retrieved
reviews). Abstracts from the 2 major international rheumatology
and periodontology scientific meetings in 2017 and 2018 of the
American College of Rheumatology (ACR), the European Alliance
of Associations for Rheumatology (EULAR), the American Acad-
emy of Periodontology, and the European Federation of Peri-
odontology were also searched to identify unpublished studies.

Study selection. Eligible studies comprised randomized
controlled trials (RCTs) or quasi-randomized clinical trials
(qRCTs), i.e., trials or well-controlled cohort studies where partic-
ipants were allocated to groups even if based on a clearly inade-
quate method of randomization (17). Eligible studies compared
any type of periodontal treatment with usual care and with a sham
or no-treatment comparator group in individuals with RA. We
included studies reported as full-text, published as abstract only,
and those presenting unpublished data. Reports had to have at
least an abstract written in English, Portuguese, Spanish, French,
Italian, Danish, Swedish, or Norwegian, and no restrictions were
made regarding publication date.

Periodontal treatments included all surgical and mechanical
nonsurgical periodontal treatment (NSPT) (i.e., scaling, root plan-
ing, and subgingival curettage). We also considered antimicrobial
therapy (encompassing antiseptics and antibiotics), either locally
applied (including mouth rinses, gels, or dentifrices) or systemi-
cally administered. Periodontal treatments included adjuncts as
part of usual care, such as oral hygiene instruction or support ses-
sions to improve self-help or self-awareness of plaque control.
Interventions were compared with no treatment, usual care
(e.g., supragingival prophylaxis and standalone oral hygiene
instruction), or placebo.

Studies were selected if they included participants with RA
as defined by the ACR/EULAR criteria (18) as well as concomitant
periodontitis (19) who did not have any concomitant arthritic

SIGNIFICANCE & INNOVATIONS
• Periodontal treatment studies suggest a clinical

effect upon measures of rheumatoid arthritis dis-
ease activity and inflammation.

• Imprecision, inconsistency, and risk of bias render
this study’s evidence low to very low certainty.

• There is an urgent need for a well-designed ran-
domized controlled trial.
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conditions or any other rheumatic diseases. Two review authors
(DSS and FC) independently screened the titles and abstracts
yielded by the search against the inclusion criteria. These
2 reviewers screened the full-text reports and decided whether
they met the inclusion criteria. Disagreement was resolved
through discussion. Reasons for excluding trials in full text were
recorded.

Data collection. Data were collected on a piloted form.
Two review authors (DSS and FC) independently extracted study
characteristics: methods (study design, total duration, details of
any run-in period, date of study, number of centers and their loca-
tions, study setting, and withdrawals); participants (number,
mean age, age range, sex, disease duration, diagnostic criteria,
inclusion and exclusion criteria); interventions (experimental inter-
vention, comparator, concomitant medications, and excluded
medications); outcomes (primary and secondary outcomes spec-
ified and collected, and time points reported); characteristics of
the design of the trial; and notes (funding and notable declarations
of interest of trial authors).

The number of events and participants per treatment
group for dichotomous outcomes, and means and SDs and
number of participants per treatment group for continuous out-
comes, were extracted into customized Excel (Microsoft) data
tables and Review Manager (Cochrane). Disagreements were
resolved by consensus or by involving a third person (JAPdS,
RC, or both). The data that support the findings of this study
are available from the corresponding author upon reasonable
request.

Outcomes and prioritization. The outcome domains
collected were developed for RA clinical trials according to the
Outcome Measures in Rheumatology (OMERACT) guidance
(20), similar to those endorsed by the ACR (21): disease activity,
preferably change from baseline (Disease Activity Score in
28 joints [DAS28], Simplified Disease Activity Index [SDAI] score,
Clinical Activity Disease Index [CDAI] score); systemic inflamma-
tion markers (acute-phase reactants: C-reactive protein [CRP],
erythrocyte sedimentation rate [ESR]); response criteria (number
of ACR criteria for 20% improvement in disease activity [ACR20],
ACR50, ACR70 responders or EULAR response based on dis-
ease activity); life impact (patient-relevant outcomes, such as
patient global assessment of disease activity [PtGA], visual analog
scale or Numerical Rating Scale pain and disability subscales, and
Health Assessment Questionnaire); attrition (number of com-
pleters versus number of starters); number of serious adverse
events; and number of participants who withdraw due to adverse
events.

Risk of bias in individual studies. Two review authors
(DSS and RC) assessed risk of bias for each included study
using the criteria outlined in the Cochrane Handbook for

Systematic Reviews of Interventions tool, version 1.0 (22). The
reviewing authors did not use the Risk of Bias in Non-
Randomised Studies – of Interventions (ROBINS-I) tool (23), as
all eligible studies were at least qRCTs. Disagreements were
resolved by discussion or by involving another author
(JAPdS.). Graphic representations of potential bias across
studies were computed using Review Manager 5.1 (24). For
ease of interpretation, each trial was also tentatively assigned
an overall risk of bias: low risk (low for all key domains); high risk
(high for ≥1 key domains); and unclear risk (unclear for ≥1 key
domains).

Summary measures (effect sizes). Anticipating that dif-
ferent studies would report on major outcome domains using dif-
ferent outcome measures, we summarized continuous outcomes
using standardized mean differences (SMDs) with 95% confi-
dence intervals (95% CIs), with the differences in mean change
between treatment groups divided by the pooled SD and applied
with Hedges’s g adjustment. When differences in mean change
were unavailable, we used differences in mean values at the end
of the treatment (25). When some of the required data were
unavailable, we used various customized approximations (i.e., if
SDs were missing, we obtained them from a study’s confidence
intervals, P [or t] values, interquartile range [IQR], or standard error
of the mean). Binary outcomes were expressed as risk ratios
(RRs) with 95% CIs.

Synthesis of results. A meta-analysis was performed for
each outcome domain. Statistical heterogeneity was tested with
Cochran’s Q test, and inconsistency was evaluated as the I2

(26). We used standard inverse variance random effects for the
meta-analyses (27). When quantitative synthesis was not possible
for a specific outcome domain, we provided a qualitative synthe-
sis with information presented in the text and tables to summarize
and explain the characteristics and findings of the included
studies.

We added a number of stratified/meta-regression analyses,
stratifying the available studies according to trial characteristics
at the study level. Therefore, all the trial-level features collected
were considered potential covariates. Among these covariates
were various aspects of study design, intervention, comparator,
RA definition, periodontitis definition, RA medication, and risk of
bias. This stratifying was assessed fitting multiple mixed-effects,
restricted maximum likelihood–based meta-regression models
(28). A priori, we defined a relevant study level covariate as one
that would decrease the between-study variance (tau-squared,
estimated as T2) as a consequence of inclusion in the (mixed-
effects) statistical model (29). Evidence for the comparative effec-
tiveness of periodontal treatment on RA-related outcomes was
assessed using criteria suggested by the Grading of Recommen-
dations Assessment, Development and Evaluation (GRADE)
working group (30).
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RESULTS

Figure 1 summarizes the identification process of our database
search, which initially identified 2,678 records and ultimately yielded
1,909 records after duplicates were removed. Some 41 studies
were retrieved for full examination based on assessment of the title
and abstract. The subsequent full-text assessment resulted in
8 studies (31–38) being eligible for systematic review. A search of
CENTRAL, ClinicalTrials.gov, and the WHO-ICTRP contributed
5 additional unique trials: a PhD thesis (39) and 4 ongoing studies
(40–43). Upon searching the 2 major international rheumatology
and periodontology scientific meetings in 2017 and 2018, 1 unpub-
lished study was identified (44). There was no disagreement con-
cerning the selection of the final 14 studies (29–42) included in the
qualitative synthesis. Of these 14 studies, 9 (31–39) were eligible
for quantitative analysis (with 10 comparisons).

In the December 17, 2020 search update, we found
358 new references, excluding duplicates. Upon title and
abstract assessment, 12 records were retrieved for full-text
examination, which resulted in 3 records that fulfilled our inclu-
sion criteria, 2 clinical trial registries (45,46), and a published
study (47) (already included in our primary search as clinical trial
registry [43]); however, the latter, surprisingly, did not report the
core outcomes set for RA.

Study characteristics. The characteristics of the included
studies are shown in Table 1. Of the 14 studies included,
5 (32–34,38,39) were RCTs, with a total of 190 participants;
5 (31,35–37,44) were qRCTs, with 244 participants; and 4 were
ongoing studies (40–43),with 554 total expectedparticipants. Among
the 388patients in the studies eligible for quantitative analysis (31–39),
themedian of themean agewas 50 years (IQR 41–62 years). Among

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram for studies retrieved through the search
and selection process. December 17, 2020 search update: 1 = 358 new records screened; 2 = 346 records excluded; 3 = 12 full-text articles; 4 = 9
full-text excluded (3 wrong comparator, 2 editorial, 1 letter to the editor, 1 review, 1 wrong intervention, 1 clinical trial registry of excluded study);
and 5 = 3 studies included in qualitative synthesis.
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enrolledpatients, 80%were females (medianof individual studies [IQR
60–91%]). The duration of the studies varied from 6 to 24weeks.
Most of the studies compared NSPT plus oral hygiene instructions
with only oral hygiene instructions or absence of treatment, whereas
some studies added antibiotics to the treatment group.

Risk of bias of individual studies. The measures of risk
of bias were assessed as described above (24), and graphic rep-
resentations of potential bias were computed (Figure 2). All
14 studies were at high risk for at least 1 of the above-mentioned
domains: 3 (21%) (32,38,39) adequately generated their random-
ization sequence; 1 (7%) (38) adequately concealed allocation;
and 0 studies (0%) blinded participants/personnel or outcome
assessors. Two (14%) comparisons (33) had low risk of missing
outcome data; 3 comparisons (21%) (32,38,39) presented low
risk for reporting bias; 7 comparisons (47%) (31,32,34–37,44)
presented an overall high risk of bias; and 8 comparisons (53%)
(33,38–43) presented unclear overall risk.

Evidence synthesis. Disease activity. Of the 14 included
studies, 1 (31) did not collect disease activity scores;
12 (32–36,38–44) collected or will collect disease activity scores
as the DAS28; and 1 study (37) collected or will collect disease
activity scores as the SDAI. One of the ongoing studies (40) will
measure the DAS28 score using CRP level, and 8 of the studies
(32–36,38,39,43) measured or will measure the DAS28 score using
ESR. In 3 of the studies (41,42,44), it is not clear if they used or will
use CRP level or ESR.

As illustrated in Figure 3, of the 13 studies that collected disease
activity scores, only 7 studies could be included in the meta-analysis
due to lack of data from the remaining trials: 4 (40–43) are ongoing
studies with no data yet available; one (44) is a poster abstract; and
one (34) does not show control group data. Of the 7 studies (8 com-
parisons) included in the meta-analysis, 6 studies (7 comparisons)
(32,33,35–37,39) showed a reduction in disease activity scores, with
statistically significant results in 5 of the comparisons.

When we pooled the results of all 7 studies that reported this
outcome, we observed a statistically significant SMD of –0.88
(95% CI –1.38, –0.38) in disease activity reduction. The forest plot
describes the effect of nonsurgical periodontal treatment on disease
activity in terms of mean reduction from baseline; it also shows SD

Figure 2. Review of authors’ judgments about each risk of bias item for
each included study. + indicates low risk of bias; – indicates high risk of
bias; ? indicates unclear risk of bias.

Figure 3. Forest plot of standardized mean difference (SMD) between periodontal treatment and no treatment (control) groups for disease activ-
ity. 95%CI = 95% confidence interval. Squares represent the individual SMD of each study. Horizontal lines indicate 95%CIs. Diamonds represent
the pooled SMD and its 95% CIs.
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as a comparison between treatment and control groups. The
results were highly heterogeneous (I2 = 74%), indicating that differ-
ent treatment effects were observed across studies.

Systemic inflammation. Of the 14 studies in the analysis,
13 collected or will collect data related to this outcome domain.
Of those 13 studies, 5 collected or will collect systemic inflamma-
tion data as ESR levels (31–33,36,43), 1 study will collect data as

CRP levels (37), and 7 collected or will collect both ESR levels and
CRP levels (34,35,38–41,44).

As can be seen in Supplementary Figure 1, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24622, data were recorded and available
for analysis in only 7 of the 13 data-collecting studies
(32–35,37–39) (8 comparisons) for various reasons: 1 study (31)

Table 3. Results of the stratified meta-analyses*

Variable Comparisons, no. ES (95% CI) Tau2
Heterogeneity
explained, %

All trials 8 –0.91 (–1.43, –0.39) 0.412
Design 0.463 –12
RCT 5 –0.83 (–1.50, –0.16)
qRCT 3 –1.07 (–1.99, –0.15)

Intervention 0.270 34
NSPT 7 –1.08 (–1.57, –0.60)
NSPT + AB 1 0.08 (–1.07, 1.23)

Comparator 0.321 22
AT 6 –1.14 (–1.68, –0.59)
OHI 2 –0.19 (–1.16, 0.78)

RA definition 0.337 18
ACR 6 –0.72 (–1.27, –0.16)
Unclear 2 –1.55 (–2.55, –0.55)

PD definition 0.385 7
Advanced 6 –1.08 (–1.67, –0.49)
Light 2 –0.45 (–1.43, 0.53)

RA medication† 0.095 77
Stable 5 –0.43 (–0.86, 0.00)
Unclear 3 –1.57 (–2.10, –1.04)

Random sequence generation‡ 0.172 58
Low 3 –0.34 (–0.93, 0.25)
High 3 –1.13 (–1.81, –0.44)
Unclear 2 –1.59 (–2.37, –0.80)

Allocation concealment‡ 0.344 16
Low 1 0.08 (–1.18, 1.34)
High 3 –1.09 (–1.92, –0.25)
Unclear 4 –1.08 (–1.76, –0.40)

Blinding of participants and personnel§ 0.394 4
Low 0 NA
High 7 –1.03 (–1.58, –0.48)
Unclear 1 –0.20 (–1.55, 1.15)

Blinding of outcome assessment¶ 0.462 –12
Low 0 NA
High 1 –1.31 (–2.98, 0.36)
Unclear 7 –0.87 (–1.44, –0.29)

Incomplete outcome data# 0.362 12
Low 2 –1.58 (–2.57, –0.59)
High 3 –0.50 (–1.32, 0.33)
Unclear 3 –0.87 (–1.66, –0.08)

Selective reporting** 0.080 81
Low 3 –0.31 (–0.79, 0.17)
High 2 –0.77 (–1.60, 0.05)
Unclear 3 –1.57 (–2.08, –1.06)

* 95% CI = 95% confidence interval; AB = antibiotics; ACR = American College of Rheumatology; AT = absence of
treatment; ES = effect size; NA = not applicable; NSPT = nonsurgical periodontal treatment; OHI = oral hygiene
instructions; PD = pocket depth; qRCT = quasi-randomized clinical trial; RA = rheumatoid arthritis; RCT = random-
ized clinical trial.
† Test for interaction: P = 0.0011.
‡ Selection bias.
§ Performance bias.
¶ Detection bias.
# Attrition bias.
** Reporting bias.
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reported ESR as the percentage of participants who have ≥28
mm/hour, which impeded meta-analysis; 1 study (36) did not
report ESR-level data, although they were allegedly collected;
3 studies are ongoing (40,41,43); and 1 is a poster abstract (44).
A decrease in systemic inflammation was observed in 6 of the
8 comparisons in RA patients undergoing periodontal treatment;
4 of these comparisons with the control group yielded statistically
significant decreases (32,33,35). In contrast, the studies of Mon-
sarrat et al (38) and Serban (39) showed an increase (although
not statistically significant) in systemic inflammation after nonsur-
gical periodontal treatment.

The overall SMD between the treatment and nontreatment
groups was 0.66 (95% CI –1.14, –0.18), indicating that systemic
inflammation is significantly reduced in RA patients following peri-
odontal treatment. The results were highly heterogeneous (I2 = 71%).

Response criteria. Of the 14 studies included in our analysis,
1 study (38) reported response criteria data as ACR20
responders. According to their research plan and methodology,
one study (39) collected ACR20 responders, but no data were
available or reported. The proportion achieving the ACR20
response was higher for the control group compared to periodon-
tal treatment group (RR 0.57 [95% CI 0.23, 1.41]). The effect of
the intervention in this particular study is presented in Supplemen-
tary Figure 2, available on the Arthritis Care & Researchwebsite at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24622.

Life impact. Of the 14 included studies, 11 collected or will
collect life impact outcome measures. Of those 11 studies,
1 study (37) collected but did not report data; 2 ongoing studies
(40,41) will collect data regarding the PtGA; and 1 study (44)
reported an improvement in patients who received periodontal
therapy compared with controls, although no data were available
for the meta-analysis. Also, one study (36) collected pain data that
were not available, and one study (34) did not show data regard-
ing the comparator group.

As illustrated in Supplementary Figure 3, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24622, only 5 studies (6 comparisons)
could be used in our meta-analysis. Of those 5 studies,
4 (32,33,38,39) reported PtGA, and 1 study (31) reported life
impact as disability. When we pooled the results of all 5 studies
(6 comparisons) that reported life impact measurements, we
observed a statistically significant SMD of –0.49 (95% CI –0.79,
–0.18) life impact reduction. The results were moderately hetero-
geneous (I2 = 34%).

Attrition. As illustrated in Supplementary Figure 4, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24622, of the 9 published studies
included, 3 studies reported dropouts. The attrition rate appeared
higher for the treatment group (RR 1.56 [95% CI 0.23, 10.38]).

Summary of findings and exploring reasons for het-
erogeneity. Evidence was qualified using GRADE for both RCTs

and qRCTs. In general, very low–quality evidence shows that peri-
odontal treatment may be favorable when compared to no treat-
ment, usual care, or placebo in reducing disease activity,
systemic inflammation, and life impact (Table 2).

The prespecified stratified analyses performed with more
advanced models are presented in Table 3. Only covariates
reducing the variation across studies (significant decrease in T2)
were considered potentially relevant. These analyses supported
the notion that stability in RA medication itself could be an impor-
tant factor to the inconsistency seen across studies (effect size –

0.43 versus –1.57, respectively, for RA medication stability versus
unclear), with a corresponding 77% reduction in heterogeneity
(i.e., T2, changed from 0.412 to 0.095). For intervention, distin-
guishing between nonsurgical periodontal treatment alone versus
nonsurgical periodontal treatment with antibiotics, a trend was
observed indicating a potential interaction between strata (–1.08
versus 0.08, respectively), with a reduction in heterogeneity of
34%. Also, when analyzing comparator (absence of treatment ver-
sus oral hygiene instructions with an effect size of –1.14 versus –

0.19, respectively), we can observe a 22% reduction in heteroge-
neity (T2, changed from 0.412 to 0.321). Regarding RA definition
(ACR definition versus unclear with an effect size of –0.72 versus
–1.55, respectively), it explains 18% of heterogeneity across stud-
ies. In terms of periodontitis severity (advanced versus light cases
with an effect size of –1.08 versus –0.45, respectively), a minor
reduction of heterogeneity (7%) may be observed. The risk of bias
assessment clearly showed that selection and reporting bias were
associated with relevant reductions in heterogeneity (58% and
81%, respectively) due to poor study quality.

DISCUSSION

The studies included in this review and meta-analysis used
validated composite indices of disease activity: the DAS28 (with
ESR or CRP) or the SDAI (48,49). Unfortunately, they did not
always clearly specify which type of DAS28 was used, which is
crucial (50). This outcome has been the object of 2 previous
reviews involving 3 studies, and 1 meta-analysis involving 2 stud-
ies (9,10). Both reviews identified a decrease in disease activity,
which only reached statistical significance in the work by Calder-
aro et al (9). Of all 8 individual comparisons included in our meta-
analysis, 5 revealed statistically significant differences in favor of
periodontal treatment, and 3 showed nonsignificant differences.
The study by Monsarrat et al (38) was the only one to suggest
an increase in disease activity in association with treatment. In
their study, mean probing depth was indicative of nonactive peri-
odontitis, and gingival bleeding, a marker of inflammation, was
lower than in other studies. Such findings may be an effect of con-
comitant abatacept, taken by 17 of the 22 patients (51). It is there-
fore plausible that the margin for improvement in periodontal
inflammation was insufficient to identify an effect on RA disease-
activity measures.
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In order to further explore the impact of periodontal treatment
on systemic inflammation, we analyzed data regarding inflammatory
markers (ESR and CRP level). We concluded that a significant
decrease of systemic inflammatory markers might be observed
after periodontal treatment in RA patients. A detailed analysis of
2 studies (38,39) that reported a nonsignificant increase after peri-
odontal treatment suggests that this increase may be linked to
lower levels of periodontal inflammation, as previously described.

We observed a significant reduction of life impact measures
in patients receiving periodontal treatment. Our analysis reveals
promising results, albeit with a low-quality evidence. Another out-
come of interest in this review was response criteria, but only
1 study, with several limitations, reported this outcome (38).

Finally, of the 14 studies included in this review and meta-
analysis, only 3 studies reported dropouts, but they probably also
occurred in the remaining ones. The higher attrition rates in the treat-
ment groups, whatever their cause, questions the validity of the
results and may cause treatment effectiveness to be overestimated.

Although data presented in this meta-analysis suggest an
overall significant positive effect for treating periodontitis in RA
patients, it should be emphasized that the quality of evidence is
very low due to high risk of bias. The studies available for inclusion
are mainly not truly randomized or do not clearly describe the ran-
domization and/or allocation concealment method, which may
lead to selection bias. Actually, our meta-regression analyses
highlight selection bias as a considerable source of heterogeneity
between studies. The sample size of the published studies is infe-
rior to the sample size described in the corresponding available
clinical trial registries. This lower sample size probably reflects dif-
ficulties in recruiting and maintaining patients in the studies, and it
strongly affects the statistical power to identify true differences
that may exist. Using the effect of treatment on disease activity
obtained in this meta-analysis, we estimate that to detect an
effect size of 0.88 with at least 80% power, a total sample size of
at least 44 individuals would be needed, randomized 1:1. If we
aim for a more robust power in the design phase, a sample size
of >56 patients would allow for a statistical power of >90%.

The time frame used for follow-up among studies (6 weeks to
6 months) seems sufficient to improve periodontal condition and,
probably, to demonstrate a systemic impact (52); it also avoids the
ethical issues of prolonging the control condition for longer periods.

A lack of standardized case definition for periodontitis is a
paramount observation in our review and probably makes a deci-
sive contribution to the observed heterogeneity of results. In fact,
and as expected, best effect size is observed among studies with
advanced cases of periodontitis. Treating advanced periodontitis
rather than light cases can be expected to result in a greater effect
upon disease activity and systemic inflammation. We therefore
advise that studies aiming at proving the concept should prefera-
bly include cases of moderate and severe periodontitis.

Periodontal intervention must be clearly described and
designed. In our review, periodontal treatment encompassed

not only mechanical debridement but also adjunctive therapies,
such as antibiotics, which are not consensually recommended
(53,54). Only 1 study used antibiotics in the intervention arm in a
population with light cases of periodontitis. Our meta-regression
analysis cannot support the use of antibiotics in this context. Fur-
ther, the medication being taken by patients included in the study
must be carefully described, kept stable throughout the study
period, and be as similar as possible between treatment and con-
trol groups. Actually, changes in RA medication during the study
explain a significant amount of inconsistency. We hypothesize
that the large effect size in disease activity observed in studies
where RA medication stability is unclear may be explained by
unreported changes in medication in addition to the effect of peri-
odontal treatment itself.

Future trials should strictly adopt current classification cri-
teria for RA (18) and validated outcome measures for disease
activity, response, and impact. In fact, the best effect sizes were
observed in studies lacking a clear definition of RA, which actually
puts the whole methodology under question. We recommend
that the outcomes of interest should be standardized according
to OMERACT guidance (20,21), which would facilitate compari-
sons of outcomes across studies and provide the best estimates
of benefit and safety of the therapeutic intervention across differ-
ing patient populations. We believe that RA-related measure-
ments ideally should be taken by experienced professionals
blind to treatment allocation (blinding participants to treatment
allocation is impractical for obvious reasons). Objective means
of assessing inflammation, such as ultrasound, also should be
considered.

In conclusion, our results highlight the effect of periodontal
treatment on RA outcomes. Although available evidence describes
a possible effect of periodontal treatment on RA, the evidence has
low quality, with substantial heterogeneity. Critical analysis of pub-
lished reports using an evidence-based research approach would
enable specific recommendations for RA patients and help guide
future research.

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

for important intellectual content, and all authors approved the final ver-
sion to be submitted for publication. Dr. daSilva had full access to all of
the data in the study and takes responsibility for the integrity of the data
and the accuracy of the data analysis.
Study conception and design. Silva, Baptista, Santiago, Lund, Tarp,
daSilva, Christensen.
Acquisition of data. Silva, Costa, Lund, Tarp.
Analysis and interpretation of data. Silva, daSilva, Christensen.

REFERENCES

1. Kassebaum N, Bernabé E, Dahiya M, Bhandari B, Murray C,
Marcenes W. Global burden of severe periodontitis in 1990–2010: a
systematic review and meta-regression. J Dent Res 2014;93:
1045–53.

EFFECTIVENESS OF PERIODONTAL TREATMENT IN RA PATIENTS 1733



2. Linden GJ, Lyons A, Scannapieco FA. Periodontal systemic associa-
tions: review of the evidence. J Clin Periodontol 2013;40 Suppl 14:
S8–19.

3. Simpson TC, Needleman I, Wild SH, Moles DR, Mills EJ. Treatment of
periodontal disease for glycaemic control in people with diabetes.
Aust Dent J 2010;55:472–4.

4. Li C, Lv Z, Shi Z, Zhu Y, Wu Y, Li L, et al. Periodontal therapy for the
management of cardiovascular disease in patients with chronic peri-
odontitis. Cochrane Database Syst Rev 2017;11:CD009197.

5. Silman AJ, Pearson JE. Epidemiology and genetics of rheumatoid
arthritis. Arthritis Res 2002;4 Suppl 3:S265–72.

6. Mikuls TR, Payne JB, Deane KD, Thiele GM. Autoimmunity of the lung
and oral mucosa in a multisystem inflammatory disease: the spark that
lights the fire in rheumatoid arthritis? J Allergy Clin Immunol 2016;137:
28–34.

7. Bartold PM, Lopez-Oliva I. Periodontitis and rheumatoid arthritis: an
update 2012–2017. Periodontol 2000 2020;83:189–212.

8. Smolen JS, Breedveld FC, Burmester GR, Bykerk V, Dougados M,
Emery P, et al. Treating rheumatoid arthritis to target: 2014 update of
the recommendations of an international task force. Ann Rheum Dis
2016;75:3–15.

9. Calderaro DC, Corrêa JD, Ferreira GA, Barbosa IG, Martins CC,
Silva TA, et al. Influence of periodontal treatment on rheumatoid arthri-
tis: a systematic review and meta-analysis. Rev Bras Reumatol Engl
Ed 2017;57:238–44.

10. Kaur S, Bright R, Proudman SM, Bartold PM. Does periodontal treat-
ment influence clinical and biochemical measures for rheumatoid
arthritis? A systematic review and meta-analysis. Semin Arthritis
Rheum 2014;44:113–22.

11. Lund H, Juhl C, Christensen R. Systematic reviews and research
waste. Lancet 2016;387:123–4.

12. Lund H, Brunnhuber K, Juhl C, Robinson K, Leenaars M, Dorch BF,
et al. Towards evidence based research. BMJ 2016;355:i5440.

13. Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M,
et al. Preferred reporting items for systematic review and meta-
analysis protocols (PRISMA-P) 2015: elaboration and explanation.
BMJ 2015;349:g7647.

14. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC,
Ioannidis JP, et al. The PRISMA statement for reporting systematic
reviews and meta-analyses of studies that evaluate health care inter-
ventions: explanation and elaboration. PLoS Med 2009;6:e1000100.

15. Ghogomu EA, Maxwell LJ, Buchbinder R, Rader T, Pardo JP,
Johnston RV, et al. Updated method guidelines for Cochrane muscu-
loskeletal group systematic reviews and metaanalyses. J Rheumatol
2014;41:194–205.

16. McGowan J, Sampson M, Salzwedel DM, Cogo E, Foerster V,
Lefebvre C. PRESS peer review of electronic search strategies: 2015
guideline statement. J Clin Epidemiol 2016;75:40–6.

17. Sterne JA, Savovi�c J, Page MJ, Elbers RG, Blencowe NS, Boutron I,
et al. RoB 2: a revised tool for assessing risk of bias in randomised tri-
als. BMJ 2019;366:l4898.

18. Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO III,
et al. 2010 rheumatoid arthritis classification criteria: an American Col-
lege of Rheumatology/European League Against Rheumatism collab-
orative initiative. Arthritis Rheum 2010;62:2569–81.

19. Armitage GC. Periodontal diagnoses and classification of periodontal
diseases. Periodontol 2000 2004;34:9–21.

20. Tugwell P, Boers M. Developing consensus on preliminary core effi-
cacy endpoints for rheumatoid arthritis clinical trials. OMERACT com-
mittee. J Rheumatol 1993;20:555–6.

21. Felson DT, Anderson JJ, Boers M, Bombardier C, Chernoff M,
Fried B, et al. The American College of Rheumatology preliminary core

set of disease activity measures for rheumatoid arthritis clinical trials.
Arthritis Rheum 1993;36:729–40.

22. Higgins JP, Green S. Cochrane handbook for systematic reviews of
interventions. John Wiley & Sons; 2011.

23. Sterne JA, Hern�an MA, Reeves BC, Savovi�c J, Berkman ND,
Viswanathan M, et al. ROBINS-I: a tool for assessing risk of bias in
non-randomised studies of interventions. BMJ 2016;355:i4919.

24. Higgins JP, Green S, editors. Cochrane handbook for systematic
reviews of interventions version 5.1.0. The Cochrane Collaboration;
2011. URL: www.cochrane-handbook.org.

25. Da Costa BR, Nüesch E, Rutjes AW, Johnston BC, Reichenbach S,
Trelle S, et al. Combining follow-up and change data is valid in meta-
analyses of continuous outcomes: a meta-epidemiological study.
J Clin Epidemiol 2013;66:847–55.

26. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring incon-
sistency in meta-analyses. BMJ 2003;327:557–60.

27. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin
Trials 1986;7:177–88.

28. Thompson SG, Sharp SJ. Explaining heterogeneity in meta-analysis:
a comparison of methods. Stat Med 1999;18:2693–708.

29. Thompson SG, Higgins JP. How should meta-regression analyses be
undertaken and interpreted? Stat Med 2002;21:1559–73.

30. Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al. GRADE
guidelines: 1. Introduction—GRADE evidence profiles and summary
of findings tables. J Clin Epidemiol 2011;64:383–94.

31. Ribeiro J, Leão A, Novaes AB. Periodontal infection as a possible
severity factor for rheumatoid arthritis. J Clin Periodontol 2005;32:
412–6.

32. Al-KatmaMK, Bissada NF, Bordeaux JM, Sue J, Askari AD. Control of
periodontal infection reduces the severity of active rheumatoid arthri-
tis. J Clin Rheumatol 2007;13:134–7.

33. Ortiz P, Bissada NF, Palomo L, Han YW, Al-Zahrani MS,
Panneerselvam A, et al. Periodontal therapy reduces the severity of
active rheumatoid arthritis in patients treated with or without tumor
necrosis factor inhibitors. J Periodontol 2009;80:535–40.

34. Pinho MN, Oliveira RD, Novaes AB Jr, Voltarelli JC. Relationship
between periodontitis and rheumatoid arthritis and the effect of non-
surgical periodontal treatment. Braz Dent J 2009;20:355–64.

35. Khare N, Vanza B, Sagar D, Saurav K, Chauhan R, Mishra S. Nonsur-
gical periodontal therapy decreases the severity of rheumatoid arthri-
tis: a case-control study. J Contemp Dent Pract 2016;17:484–8.

36. Atarbashi-Moghadam F, Maybodi FR, Dehghan A, Ardakani AH.
Effect of non-surgical periodontal treatment on clinical signs of rheu-
matoid arthritis. J Periodontol Implant Dent 2018;10.

37. Kaushal S, Singh AK, Lal N, Das SK, Mahdi AA. Effect of periodontal
therapy on disease activity in patients of rheumatoid arthritis with
chronic periodontitis. J Oral Biol Craniofac Res 2019;9:128–32.

38. Monsarrat P, de Grado GF, Constantin A, Willmann C, Nabet C,
Sixou M, et al. The effect of periodontal treatment on patients with
rheumatoid arthritis: the ESPERA randomised controlled trial. Joint
Bone Spine 2019;86:600–9.

39. Serban ST. Outcomes of Periodontal Treatment in Patients With
Rheumatoid Arthritis (OPERA): quantitative and qualitative results of
a pilot randomized controlled trial [dissertation]. University of Birming-
ham; 2016.

40. Dra Beatriz Lozano-Hospital Universitario de Canarias, sponsor.
Periodontitis treatment in patients with reumatoid arthritis and high
clinical activity in the randomized clinical trial. EudraCT Number:
2017-003259-40; 2017.

41. University Hospital Heidelberg, sponsor. Dental prophylaxis and
rheumatoid arthritis (PREPARA II). ClinicalTrials.gov identifier:
NCT03087240; 2017.

SILVA ET AL1734

http://www.cochrane-handbook.org
http://clinicaltrials.gov


42. Institute of Rheumatology Madras Medical College, sponsor. Effect of
non-surgical periodontal therapy on chronic periodontitis and rheu-
matoid arthritis and a correlation of anti-citrullinated protein antibody
(ACPA) levels in South Indian population. Clinical Trials Registry India
number: CTRI/2016/03/006751; 2016.

43. Makerere University, sponsor. RCT: evaluating the effect of oral
care for periodontitis in rheumatoid arthritis patients in Uganda.
ClinicalTrials.gov identifier: NCT03513263; 2017.

44. Xiao F, Zhang P, Li X, Mou Y, Chen H, Cai Y. AB0266 effects of peri-
odontal basic treatment on periodontal condition, clinical response
and serum inflammatory parameters in rheumatoid arthritis (RA)
patients with moderate to severe periodontitis [abstract]. Ann Rheum
Dis 2017;76:1141.

45. Birjand University of Medical Sciences, sponsor. Effect of non surgical
periodontal treatment on the severity of rheumatoid arthritis (RA). Iranian
Registry of Clinical Trials number: IRCT20180613040084N1; 2019.

46. Government Dental College and Research Institute Bangalore, sponsor.
Evaluating the influence of non surgical periodontal treatment on the clin-
ical and biochemical measures of rheumatoid arthritis: a randomized
controlled study. Clinical Trials Registry India number: CTRI/2020/03/
023692; 2020.

47. Buwembo W, Munabi IG, Kaddumukasa M, Kiryowa H, Mbabali M,
Nankya E, et al. Non-surgical oral hygiene interventions on disease
activity of Rheumatoid arthritis patients with periodontitis: a random-
ized controlled trial. J Dent Res Dent Clin Dent Prospects 2020;14:26.

48. PrevooML, van ’t Hof MA, Kuper HH, van LeeuwenMA, van de Putte LB,
van Riel PL. Modified disease activity scores that include twenty-eight-joint
counts development and validation in a prospective longitudinal study of
patients with rheumatoid arthritis. Arthritis Rheum 1995;38:44–8.

49. Vander Cruyssen B, van Looy S, Wyns B, Westhovens R, Durez P,
van den Bosch F, et al. DAS28 best reflects the physician’s clinical
judgment of response to infliximab therapy in rheumatoid arthritis
patients: validation of the DAS28 score in patients under infliximab
treatment. Arthritis Res Ther 2005;7:R1063–71.

50. Fleischmann RM, van der Heijde D, Gardiner PV, Szumski A,
Marshall L, Bananis E. DAS28-CRP and DAS28-ESR cut-offs for high
disease activity in rheumatoid arthritis are not interchangeable. RMD
Open 2017;3:e000382.

51. Kobayashi T, Okada M, Ito S, Kobayashi D, Ishida K, Kojima A, et al.
Assessment of interleukin-6 receptor inhibition therapy on periodontal
condition in patients with rheumatoid arthritis and chronic periodonti-
tis. J Periodontol 2014;85:57–67.

52. D’Aiuto F, Parkar M, Andreou G, Suvan J, Brett PM, Ready D, et al.
Periodontitis and systemic inflammation: control of the local infection
is associated with a reduction in serum inflammatory markers.
J Dent Res 2004;83:156–60.

53. Feres M, Figueiredo LC, Soares GM, Faveri M. Systemic antibiotics in
the treatment of periodontitis. Periodontology 2000 2015;67:131–86.

54. Santos RS, Macedo RF, Souza EA, Soares RS, Feitosa DS,
Sarmento CF. The use of systemic antibiotics in the treatment of
refractory periodontitis: a systematic review. J Am Dent Assoc 2016;
147:577–85.

55. Canhão H, Rodrigues AM, Greg�orio MJ, Dias SS, Melo Gomes JA,
Santos MJ, et al. Common evaluations of disease activity in rheuma-
toid arthritis reach discordant classifications across different popula-
tions. Front Med (Lausanne) 2018;5:40.

EFFECTIVENESS OF PERIODONTAL TREATMENT IN RA PATIENTS 1735

http://clinicaltrials.gov


Nurse-Led Consultation for Patients With Rheumatoid
Arthritis at Low Disease Activity: A Randomized
Noninferiority Trial

Suet-Kei Kwok,1 Lai-Man Tang,1 Hoi-Lun Tsang,1 Ho-Yin Chung,2 Man-Ho Chung,1 Carmen T. K. Ho,1

Chak-Sing Lau,2 and Tommy T. Cheung3

Objective. To determine the effectiveness of nurse-led consultations in patients with stable rheumatoid arthritis
(RA) in Hong Kong.

Methods. The present work was a single-center, randomized, open-label, noninferiority trial. Patients who had
rheumatoid arthritis (RA) with low disease activity (LDA) were randomized at a 1:1 ratio to attend a nurse-led consulta-
tion or rheumatologist follow-up visit for 2 years. The primary end point was the proportion of patients whose RA
remained at LDA. Secondary end points included the proportion of patients with RA in disease remission and the
scores recorded on the Leeds Satisfaction Questionnaire at 2 years, changes from baseline on the Disease Activity
Score in 28 joints using the C-reactive protein level (DAS28-CRP), modified Sharp/van der Heijde score (SHS), Health
Assessment Questionnaire disability index (HAQ DI), Short Form 36 (SF-36) physical component score, and 19-item
Compliance Questionnaire for Rheumatology (CQR-19) score.

Results. Among 280 patients who were randomized equally to either attend nurse-led consultations or rheumatol-
ogist follow-up visits, 267 patients completed the study. In the nurse-led consultation and rheumatologist follow-up
groups, 92.1% and 91.4% patients, respectively, remained at LDA at 2 years. The 95% confidence intervals (95%
CIs) of the adjusted treatment difference were within the predefined noninferiority margin in both the intention-to-treat
analysis (95% CI 5.75, 7.15) and the per-protocol analysis (95% CI 1.67, 7.47). Although the changes in DAS28-CRP
score over 2 years were significantly different between the 2 treatment groups (P < 0.001), there were no significant
changes from baseline in SHS, HAQ DI, SF-36 physical component scores, and CQR-19 scores. At the end of the
study, more patients expressed satisfaction with nurse-led consultations.

Conclusion. Nurse-led consultations were not inferior to rheumatologist follow-up visits in patients with stable RA.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory disease
affecting 0.35% of the population in Hong Kong (1,2). Suboptimal
control of the disease may lead to permanent joint damage, pro-
gressive functional disability, and decreased quality of life (3). In
order to minimize the adverse outcomes associated with RA,
treatment should be aimed at achieving sustained remission or
low disease activity (LDA) for every patient (4).

Conventionally, patients with RA are followed by rheumatolo-
gists in an outpatient setting. However, this type of care delivery

model can no longer sufficiently accommodate the increasing
number of patients in the public health care system. As a result,
shared care by rheumatology nurses as an alternative to usual
clinic assessment by rheumatologists has been implemented in
many Western countries. The cost-effectiveness and satisfaction
of this new care delivery model have been confirmed in many pre-
vious clinical studies (5–9). Therefore, the role of rheumatology
nurses in the management of chronic inflammatory arthritis has
been ascertained. According to recommendations by the
European Alliance of Associations for Rheumatology (EULAR),
nurses should participate in comprehensive disease management
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to control disease activity, reduce symptoms, and improve

patient-reported outcomes through nurse-led support, educa-

tion, and consultations (10).
In recent years, there has been a significant development of

rheumatology nursing service in Hong Kong. Rheumatology
nurses are trained to evaluate disease activity, monitor adverse
drug reactions, and provide education and psychosocial support
to patients with RA (11). Although rheumatology nursing service
has been established in Hong Kong for more than 15 years,
nurse-led consultation for patients with RA has yet to be widely
adopted as its feasibility and quality has not been confirmed in
the Chinese population. Therefore, we have tailored this shared
care model according to the health care system in Hong Kong.
The objective of this study is to determine the effectiveness of
nurse-led consultations in patients with stable RA in Hong Kong,
with focus on the control of disease activity, patient-reported out-
comes, and satisfaction.

PATIENTS AND METHODS

Patients ages 18 to 75 years who met the 2010 American
College of Rheumatology/EULAR classification criteria for RA with
LDA, which is defined as having a Disease Activity Score in
28 joints using the C-reactive protein (DAS28-CRP) level of ≤3.2
(12) for at least 6 months, were eligible to enroll in the present
study. All patients received maintenance therapy of conventional
synthetic disease modifying antirheumatic drugs (csDMARDs) at
a stable dose for at least 3 months prior to randomization. Use
of nonsteroidal antiinflammatory drugs or oral prednisolone of
≤7.5 mg per day was permitted.

Patients were excluded if they had any clinically significant
laboratory abnormalities; systemic manifestations of RA, including
but not limited to interstitial lung disease and systemic vasculitis;
and/or a significant cognitive impairment or psychiatric condition
that could interfere with the interpretation of study results. Full eli-
gibility criteria are listed in the Supplementary Appendix, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24625.

Study design. The present study was a single center, ran-
domized, open-label, noninferiority trial conducted at Queen Mary
Hospital in Hong Kong. Patients were randomized at a 1:1 ratio to

one of the treatment groups (i.e., nurse-led consultation versus
usual rheumatologist follow-up [control group]). Randomization
was performed using a computer-generated random number
sequence, and the numbers were placed in sequentially num-
bered, opaque, and sealed envelopes. Study protocol was
reviewed and approved by the Institutional Review Board of the
University of Hong Kong/Hospital Authority Hong Kong West
Cluster (UW 15-378). All patients provided written informed
consent and the study was conducted in accordance with the
Declaration of Helsinki and all applicable regulatory requirements.

Procedures. Patients were required to attend scheduled
visits every 4 months. Apart from joint assessment, the Stanford
Health Assessment Questionnaire disability index (HAQ DI), Short
Form 36 (SF-36) health survey, and Compliance Questionnaire of
Rheumatology 19-item (CQR-19) were completed by patients at
each scheduled visit. The Leeds Satisfaction Questionnaire
(LSQ) was completed at 1 and 2 years. Radiographs of the bilat-
eral hands and feet were taken at baseline, 1 year, and 2 years.
The modified Sharp/van der Heijde score (SHS) was used to
assess the radiographic progression of RA. All radiographs were
reviewed by 2 independent readers in a time-blinded manner.

The treatment goal was to maintain LDA in patients with RA
after randomization. Patients randomized to attend nurse-led
consultations were scheduled to see a rheumatologist only once
a year. All other study visits were conducted by the rheumatology
nurses, who were trained to perform joint assessments, evaluate
laboratory results, and monitor drug compliance and tolerability.
Rheumatology nurses were allowed to titrate the dose of a
csDMARD within the predefined maximum dosage according to
disease activity and drug-related toxicity. Nurses were required
to consult a senior rheumatologist if the patient developed any
unexplained symptoms, laboratory abnormalities, or when initiat-
ing or switching to a new csDMARD was indicated. Apart from
the scheduled study visits, rheumatology nurses were also
allowed to arrange extra clinic visits, laboratory tests, and referrals
to other allied health workers according to their judgment. Allied
health service received by the patients during the study period
are shown in Supplementary Figure 1, available on the Arthritis

Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24625. During the yearly rheumatologist visits, rheu-
matologists performed the same assessments as rheumatology
nurses did during the nurse-led consultations.

Patients randomized to receive rheumatologist follow-up
were seen in the usual clinic setting. The rheumatology clinic in
Queen Mary Hospital is run by rheumatologists, specialist
trainees, junior doctors, and interns under the supervision of the
in-charge rheumatologist. These providers performed tender
and swollen joint counts and reviewed the results of blood tests
arranged before the scheduled visits. Apart from titration of
csDMARDs, extra clinic visits, laboratory tests, and referrals to
other allied health workers could be arranged if necessary. Apart

SIGNIFICANCE & INNOVATIONS
• Nurse-led consultation is not inferior to usual rheu-

matologist follow-up in patients with stable rheu-
matoid arthritis (RA) in Hong Kong.

• Patients with stable RA were satisfiedwith nurse-led
consultations.

• Nurse-led consultation for patients with stable RA is
feasible in the Chinese population.
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from group education and counselling sessions, patients receiv-
ing usual care were not attended by the rheumatology nurses.

Additionally, independent joint assessors (M-HC and CTKH)
who were blinded to treatment allocation performed joint assess-
ments for patients in both treatment groups at 1 year and 2 years.
Rheumatology nurses and doctors were blinded to the joint
assessments performed by the independent assessors. Only the
results obtained by the independent joint assessors were used
for analysis at 1 year and 2 years.

Patients were withdrawn from the study if they were preg-
nant, developed any malignancy or systemic manifestation of RA
during the study, or did not reach LDA 6 months after a disease
flare despite the use of 3 csDMARDs at their maximum tolerated

doses in combination or sequentially (concomitant use of metho-
trexate, sulphasalazine, and leflunomide was not permitted).

Outcome measures. The primary end point was the pro-
portion of patients who remained at LDA at 2 years. Secondary
end points included the proportion of patients in remission as
determined by DAS score (DAS28-CRP score of <2.6) and the
scores of LSQ at 2 years as well as changes from baseline in
DAS28-CRP, SHS, HAQ DI, SF-36 physical component scores,
and CQR-19 scores over 2 years. Other outcome measures
included the proportion of patients with RA in LDA or remission
at 1 year.

Subjects screened
(n = 434)

Subjects enrolled
(n = 280)

Nurse-led consultation
(n = 140)

Month 4 visit (n = 137)
Withdrew consent (n = 3)
Lost to follow-up (n = 0)

Month 8 visit (n = 134)
Withdrew consent (n = 1)
Lost to follow-up (n = 2)

Month 12 visit (n = 134)
Withdrew consent (n = 0)
Lost to follow-up (n = 0)

Month 16 visit (n = 133)
Withdrew consent (n = 0)
Lost to follow-up (n = 1)

Month 20 visit (n = 132)
Withdrew consent (n = 0)
Lost to follow-up (n = 1)

Month 24 visit (n = 132)
Withdrew consent (n = 0)
Lost to follow-up (n = 0)

Completed study
(n = 132)

Rheumatologist usual 
follow-up
(n = 140)

Month 4 visit (n = 140)
Withdrew consent (n = 0)
Lost to follow-up (n = 0)

Month 8 visit (n = 137)
Withdrew consent (n = 2)
Lost to follow-up (n = 1)

Month 12 visit (n = 135)
Withdrew consent (n = 1)
Lost to follow-up (n = 1)

Month 16 visit (n = 135)
Withdrew consent (n = 0)
Lost to follow-up (n = 0)

Month 20 visit (n = 135)
Withdrew consent (n = 0)
Lost to follow-up (n = 0)

Month 24 visit (n = 135)
Withdrew consent (n = 0)
Lost to follow-up (n = 0)

Completed study
(n = 135)

Screening failure (n = 154)
Did not meet eligibility criteria

(n = 107)
Withdrew consent (n = 47)

Figure 1. Patient flow diagram.
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Sample size calculation. The success rate for nurse-led
consultation was assumed to be 85%, and no difference in the
proportions of patients with persistent DAS28-CRP scores of
≤3.2 could be observed at 2-year follow-up. This assumption
was based on the results of an observational study that described
the 5-year disease and patient-reported outcomes of continuous
application of a treat-to-target strategy in patients with early RA
in daily clinical practice (13). The study showed that the proportion
of patients with RA in remission based on DAS28 score and low
disease activity increased from 78.9% in the first year to 83.7%
in the third year (13). Given a 2-sided alpha level of 0.05 and
90% power, the predefined 15% noninferiority margin required
120 subjects per group. Assuming a dropout rate of 10%, the
study required a minimum of 264 subjects for randomization.

Statistical analysis. Analyses of primary and second end
points were performed based on intention-to-treat analysis,

which included all randomized patients in this study. Patients with
missing data for assessment of DAS28-CRP at 2 years or who
had withdrawn from the study were considered nonresponders.
A sensitivity analysis for the primary end point was performed in
patients who completed the study without missing data for
assessment of DAS28-CRP at 2 years and major protocol devia-
tions (the per-protocol set [PPS]). According to the study proto-
col, absence from more than 3 scheduled visits was considered
a major protocol deviation, and these patients were excluded
from the PPS. The proportions of patients in DAS-defined remis-
sion were analysed with the same approach.

In addition, a generalized linear mixed-effects model was
used to determine the change in DAS28-CRP, SHS and its com-
ponent scores, HAQ DI, SF-36 physical component score, and
CQR-19 score between the 2 treatment groups over 2 years. All
analyses were performed using SPSS, version 22, software based
on a significance level of 0.05.

Table 1. Demographic and baseline characteristics of the study subjects*

Nursing consultation Rheumatologist follow-up
P(n = 140) (n = 140)

Age, years 56.01 ± 9.33 56.16 ± 10.44 0.909
Female sex, % 108 (77.1) 115 (82.1) 0.299
Education level, %
None 6 11 –

Primary 37 30 0.636
Secondary 74 70 –

Tertiary 23 29 –

Disease duration, years 7.44 ± 4.94 7.32 ± 4.71 0.880
Rheumatoid factor positivity, %† 92 (67.6) 84 (64.1) 0.544
ACPA positivity, %† 85 (73.9) 80 (65.0) 0.138
28 tender joint count score 0.46 ± 1.02 0.57 ± 1.00 0.146
28 swollen joint count score 0.16 ± 0.47 0.22 ± 0.65 0.644
VAS pain (0–100) 18.61 ± 19.78 22.02 ± 20.39 0.120
VAS patient global assessment (0–100) 15.0 ± 18.11 18.0 ± 20.30 0.287
VAS physician global assessment (0–100) 4.0 ± 7.35 5.2 ± 7.91 0.119
ESR, mm/hour 32.63 ± 18.48 34.09 ± 18.98 0.513
CRP, mg/dl 0.60 ± 0.84 0.51 ± 0.33 0.414
DAS28-CRP SCORE 2.02 ± 0.53 2.12 ± 0.55 0.078
Number of csDMARDs 1.54 ± 0.65 1.52 ± 0.70 0.860
Use of methotrexate, % 92 (65.7) 92 (65.7) 1.000
Methotrexate dose, mg/week 12.50 ± 3.52 13.21 ± 3.48 0.173
Use of sulphasalazine 46 (32.9) 49 (35.0) 0.705
Sulphasalazine dose, mg/day 2,054 ± 508.0 1,969 ± 680.1 0.494
Use of leflunomide 9 (6.43) 16 (11.4) 0.142
Leflunomide, mg/day 17.22 ± 4.41 16.88 ± 4.43 0.852
Use of hydroxychloroquine, % 67 (47.9) 56 (40) 0.185
Hydroxychloroquine, mg/day 267.2 ± 89.42 258.9 ± 92.98 0.618
Use of prednisolone, % 4 (2.86) 4 (2.86) 1.000
Prednisolone, mg/day 4.25 ± 1.50 4.63 ± 2.69 0.816
CQR-19 score 66.94 ± 10.32 66.10 ± 9.44 0.657
HAQ DI score 0.41 ± 0.48 0.42 ± 0.61 0.168
Joint space narrowing score 16.82 ± 25.72 17.59 ± 26.74 0.807
Erosion score 10.29 ± 20.89 12.49 ± 26.70 0.450
Total modified Sharp/van der Heijde score 27.11 ± 45.28 30.08 ± 52.36 0.617

* Except where indicated otherwise, values are the mean ± SD. ACPA = anti–citrullinated protein antibody; CRP = C-
reactive protein; csDMARDs = conventional synthetic disease-modifying antirheumatic drugs; CQR-19 = 19-item
Compliance Questionnaire for Rheumatology; DAS28-CRP = Disease Activity Score in 28 joints using the CRP level;
ESR = erythrocyte sedimentation rate; HAQDI = Health Assessment Questionnaire disability index; VAS = visual ana-
log scale.
† Data were not available for all study subjects at baseline.
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RESULTS

From August 2015 to May 2017, 434 patients were
screened for the present study. Of these patients, 280 were ran-
domized to receive either nurse-led consultation or usual follow-
up by rheumatologists at Queen Mary Hospital. An increase in
the DAS28-CRP before randomization was the most common

reason for screening failure. Some patients withdrew their con-

sent because nurse-led consultations would be conducted at

the Rheumatology Day Centre, which was located in a separate

medical facility from Queen Mary Hospital. A total of 267 patients

completed the study. No patient fulfilled the withdrawal criteria

(Figure 1). Demographic and baseline disease characteristics are
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Adjusted difference 0.7
95% CI (−5.75, 7.15)

Adjusted difference 2.9
95% CI (−1.67, 7.47)

Adjusted difference 7.90
95% CI (−1.28, 17.1)

Adjusted difference 10.2
95% CI (1.64, 18.8)

Figure 2. Percentage of study patients who maintained low disease activity or remission of disease activity in intention-to-treat and per-protocol
analyses. A, Proportions of patients who remained at low disease activity (as defined by a Disease Activity Score in 28 joints using the C-reactive
protein level [DAS28-CRP] score of <3.2) between treatment groups at 2 years in the intention-to-treat analysis and per-protocol analysis. B, Pro-
portions of patients with disease that remained in DAS-defined remission (DAS28-CRP score of <2.6) between treatment groups at 2 years in the
intention-to-treat analysis and per-protocol analysis. 95% CI = 95% confidence interval.
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summarized in Table 1. All patients had LDA, and mean ± SD dis-
ease duration was 7.38 ± 4.82 years. Most of the study patients
used more than 1 csDMARD, and 65% of patients were
prescribed methotrexate.

As shown in Figure 2, the proportions of patients who
remained in LDA at 2 years in the intention-to-treat analysis were
92.1% for nurse-led consultation and 91.4% for rheumatologist
follow-up visits. The 95% confidence intervals (95% CIs) of the
adjusted treatment difference were within the predefined nonin-
feriority margin of 15% in both the intention-to-treat analysis
(95% CI −5.75, 7.15) and the per-protocol analysis (95% CI
−1.67, 7.47), showing that nurse-led consultation was not inferior
to usual rheumatologist follow-up in terms of the primary end
point. Although the proportion of patients in DAS28-defined
remission in the PPS was significantly higher in the nurse-led con-
sultation group than that in the rheumatologist follow-up group
(95% CI 1.64, 18.8), the superiority of nurse-led consultation
could not be demonstrated in the intention-to-treat analysis
(95% CI −1.28, 17.1). The proportions of patients in remission
according to other criteria are summarized in Supplementary
Figures 2 and 3, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24625.

During the entire study period, 45 patients required titration
of csDMARDs in the nurse-led consultation group compared to
55 patients in the rheumatologist follow-up group. Frequency of

dose titration of csDMARDS among study patients over 2 years
is shown in Supplementary Figure 4, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.24625. Seventeen extra clinic visits were arranged
for patients in the nurse-led consultation group, compared to
28 in the rheumatologist follow-up group. Repeated measures
analysis showed a statistically significant interaction between the
intervention and time on the changes in DAS28-CRP, F = 3.97
(4.24, 1,111.07); P = 0.003. Change in DAS28-CRP over 2 years
between nurse-led consultation and rheumatologist follow-up
were significantly different (mean ± SD 0.243 ± 0.065 [95% CI
0.116, 0.370]; P < 0.001); however, the difference remained
clinically insignificant (Figure 3).

Additionally, there were no significant differences in the HAQ
DI, SHS and its component scores, SF-36 physical component
scores, and CQR-19 scores between nurse-led consultation
and rheumatologist follow-up over 2 years (Figure 4). SF-36
results among study patients over 2 years are shown in Supple-
mentary Table 1, available on the Arthritis Care & Research web-
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.24625. As
shown in Figure 5, more patients expressed satisfaction with
the service provided by the rheumatology nurses compared to
the satisfaction expressed with rheumatologist follow-up visits at
the end of the study, with an overall satisfaction of 91.1% versus
79.3% (P = 0.021).

Figure 3. Change in Disease Activity Score in 28 joints using the C-reactive protein level (DAS28-CRP) score from baseline over 2 years among
the study patients. A linear mixed-effects model was used to determine the least square means of the above variables and compare the effective-
ness of nurse-led consultation versus rheumatologist follow-up. Baseline characteristics including age, sex, disease duration, rheumatoid factor
positivity, anti–citrullinated protein antibody positivity, baseline DAS28-CRP, baseline degree of pain measured by visual analog scale, baseline
19-item Compliance Questionnaire for Rheumatology score, and baseline Health Assessment Questionnaire disability index score were the covar-
iates used to construct the model. Circles show the mean change; error bars show the 95% confidence intervals. Color figure can be viewed in the
online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24625/abstract.
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Figure 4. Changes in Health Assessment Questionnaire disability index (HAQ DI) score (A), 19-item Compliance Questionnaire for Rheumatol-
ogy (CQR-19) score (B), Short Form 36 physical component scores (PCS) (C), and modified Sharp/van der Heijde score (SHS) (D) from baseline
over 2 years between the nurse-led consultation and rheumatologist follow-up treatment groups. Circles show the mean change; error bars show
the 95% confidence intervals.
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Figure 5. Patient satisfaction at 2 years between treatment groups.
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DISCUSSION

The results of the present study showed that nurse-led con-
sultation was not inferior to regular rheumatologist follow-up in
RA patients with LDA, which is consistent with findings of other
studies (6,7,14,15). The proportions of patients who remained at
LDA at 2 years were comparable between the treatment groups.
Tight disease control has been advocated for RA patients in order
to achieve the lowest possible disease activity and to delay further
joint damage and functional decline (16). This approach has
been adopted in the protocol used in the present work for the
rheumatology nurses with the aim of maintaining a DAS28 score
of ≤3.2. The rheumatology nurses were able to measure the
disease activity and adjust the dosage of csDMARDs according
to the predefined protocol with the aim of achieving tight disease
control. In total, 45 patients required dosage adjustments in the
nurse-led consultation group within 2 years.

Although the repeated measures analysis showed that the
mean changes in DAS from baseline were <0.6 in both treatment
groups, patients in the nurse-led consultation group had signifi-
cantly lower disease activity over 2 years compared to those in
the rheumatologist follow-up group. Of note, patients randomized
to receive nurse-led consultations had lower baseline disease
activity compared to those in the rheumatologist follow-up group
(mean ± SD 2.02 ± 0.53 versus 2.12 ± 0.55). In addition, more
patients in the nurse-led consultation group were in remission at
baseline according to different criteria (Supplementary Figure 1,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24625). Therefore, the risk
of disease flare was different between the treatment groups (17).

There were no significant differences in radiographic pro-
gression, compliance to medications, and patient-reported out-
comes as measured by the HAQ DI and SF-36. Most
importantly, the present work showed that more patients were
satisfied with nurse-led consultations at the end of the study. This
is in line with studies conducted in both Western countries (18) as
well as in the Chinese population (19).

In Hong Kong, patients with RA are accustomed to sched-
uled consultations with rheumatologists. Many of them know little
about nurse-led consultation and its role in disease management.
Due to the cultural difference, the acceptance of nurse-led con-
sultations was also a major concern in implementing this new care
model in our public health care system. Although some rheuma-
tology centers in Hong Kong have been providing a similar care
model to patients with stable RA, the present work is the first
study that confirmed the effectiveness and acceptance of nurse-
led consultations among patients with stable RA in Hong Kong.
We believe that the results of the present study will encourage
the formal implementation of nurse-led consultations and estab-
lish a platform for future validation studies. Meanwhile, accredited
and structured rheumatology nursing training has been dissemi-
nated through network hospitals in Shanghai and Shenzhen to

lay the foundation for this new care model in other regions of
China.

However, the present study had some potential limitations.
Patients treated with biologic or targeted synthetic DMARDs were
excluded from the study. As the number of patients treated with
these advanced agents is increasing, further studies are needed
to evaluate the effectiveness of nursing consultations in this group
of patients. In addition, nurse-led consultations were conducted
in the Rheumatology Day Centre, which was located in a medical
facility separate from Queen Mary Hospital. The change in envi-
ronment can affect patient satisfaction in terms of technical quality
and access. Last, it is important to note that other outcome mea-
sures, including work productivity and psychological evaluation,
were not included in the present work.

Nurse-led consultation has been well established in many
Western countries. The present study showed that nurse-led
consultation with an evidence-based management was not infe-
rior to usual rheumatologist follow-up and could be implemented
in Chinese patients with stable RA. Further studies are needed
to evaluate the effectiveness of nurse-led care in RA patients with
higher disease activity and also the efficacy of nurse-led care in
other types of inflammatory arthritis.
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R E V I EW

Pregnancy Termination in PatientsWith Rheumatic Diseases

Sophy Mo,1 Isabelle Malhamé,2 Megan Schneiderman,3 and �Evelyne Vinet2

Rheumatic diseases affect women during their reproductive years. Many women with rheumatic diseases
become pregnant; some undergo pregnancy termination. However, there are no official guidelines on
pregnancy termination in patients with rheumatic diseases. This work provides an overview of factors that
health care professionals must consider. We highlight areas that require further studies and the importance of
pregnancy planning and contraception counseling. Patients with rheumatic diseases need to be informed of
adverse maternal and fetal outcomes of pregnancy to make informed reproductive decisions and reduce the
need for pregnancy terminations.

INTRODUCTION

Rheumatic diseases affect women during their reproductive

years (1). Among 206 women who were younger than 45 years

with systematic lupus erythematosus (SLE), 86 (42%) were at risk

for unplanned pregnancy. Of women with SLE, 59% had not

received contraception counseling in the last year, and 53% relied

solely on barrier methods (2). Some women with unplanned preg-

nancy will seek a termination. However, there is currently little

information regarding induced abortion in these patients.
We aim to review the literature to guide physicians caring for

rheumatic disease patients considering pregnancy termination.

We present a synthesis of considerations health care profes-

sionals must take into account. Ultimately, a patient-centered dis-

cussion about the acceptable risks in pregnancy is at the heart of

shared decision-making about the best course of action for each

patient.

Epidemiology of induced abortions

Every year, millions of women undergo an induced abortion,

which is the medical or surgical termination of a pregnancy.

Worldwide, half of pregnancies are unintended and half of those

end in abortion (3). Induced abortions are most frequent in

women ages 20–29 years old (4).

Patients with rheumatic diseases undergo induced abortion at

a similar rate as the general population. For patients with rheumatic

disease who had experienced a prior pregnancy, 21% and 25%

had undergone at least one pregnancy termination based on data

from the BVC (Barbara Volcker Center for Women and Rheumatic

Disease) and PROMISSE (Predictors of Pregnancy Outcome: Bio-

markers in Antiphospholipid Antibody Syndrome and Systemic

Lupus Erythematosus) cohorts, respectively (5). These incidences

parallel the average rates in North America, where 1 in 4 women will

have an abortion over their lifetime (4,6). No complications, hospi-

talizations, or disease exacerbations associated with a termination

were reported in the BVC cohort. Pregnancy termination was rec-

ommended for medical reasons in 4% and 1% of pregnancies in

the BVC and PROMISSE cohorts, respectively (5).
In a Canadian population–based study, induced abortions

among women with SLE were not higher than in the general popu-

lation, with a standardized incidence ratio (SIR) of 1.10 (95% confi-

dence interval [95% CI] 0.98, 1.24), when accounting for age and

calendar time (7). In 2,508 women with SLE, Venne et al observed

293 induced abortions, with an incidence rate of 17.1 induced

abortions per 1,000 person-years (95% CI 15.2, 19.2) (7). In the

multivariable analysis, Venne et al did not find higher rates of

induced abortions in women exposed to teratogenic immunosup-

pressive agents (rate ratio [RR] 0.37 [95%CI 0.13, 1.07]) or women

who received glucocorticoids (RR 0.67 [95% CI 0.39, 1.16]) (7).

These results suggest women with SLE do not have a lower rate
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of unplanned pregnancies than the general population. These find-

ings are concerning, as unplanned pregnancies in this patient pop-

ulation could lead to adverse maternal and fetal outcomes.
In a nested case–control study from Quebec, the same

research group investigated whether methotrexate (MTX) exposure
was a predictor of induced abortions in women with rheumatoid
arthritis (RA) (8). Investigators identified 112 cases of induced abor-
tions in women with RA and 5,855 RA controls. Exposure to MTX
occurred in 10.7% of women with RA and 21.7% of control sub-
jects. Women exposed to MTX had a lower rate of induced abor-
tions than unexposed women (RR 0.47 [95% CI 0.25, 0.89]). The
overall rate of induced abortions observed in women with RA
(at the index date) was half the rate of the general population (inci-
dence rate of 17.1 induced abortions per 1,000 person-years
[95% CI 15.2, 19.2]). While women with RA have lower rates of
induced abortions, given that they may be receiving teratogenic
medicine, the rate of unplanned pregnancies still can be improved.

Potential indications in rheumatic diseases

Data on the safety and best practice of induced abortions in
patients with rheumatic diseases is sparse. Yet, these patients

and their treating physicians may face the eventuality of a preg-
nancy termination. In addition to personal or social factors, these
patients may choose to terminate their pregnancy for unaccept-
able maternal health risks carried by a pregnancy, possible
adverse fetal or maternal pregnancy outcomes, or exposure to
teratogenic drugs. Each of these potential indications for induced
abortion in rheumatic diseases are detailed in Tables 1, 2, and 3,
respectively. However, pregnancy termination discussions are
complex and necessitate an understanding of the patient’s per-
sonal values as well as risks and benefits. In case of pregnancy
continuation, a multidisciplinary team should work on optimizing
maternal and fetal outcomes.

Induced abortion types

Rheumatologists and other health care professionals coun-
seling patients with rheumatic diseases on reproductive issues
should be informed about the different methods of induced abor-
tion. Patients undergo an induced abortion in either the first or
second trimester of pregnancy, either medically or surgically. In
2020, the term “medical abortion,” was replaced with “medica-
tion abortion,” to reflect that all abortions are considered medical

Table 1. High-risk cardiovascular and renal complications associated with pregnancy termination in persons with rheumatic diseases*

Cardiovascular comorbidities Renal comorbidities

Epidemiology PH occurs in 5–27% and 0.5–14% of persons with SSc and SLE,
respectively (24).

Heart failure risk increased in persons with RA and SLE.
Prevalence of LVDD is 9% in persons with RA compared to 6%
in the general population (25).

Valvulopathy (of variable severity) was noted in 18% of persons
with SLE. Libman-Sacks endocarditis was noted in 11–74% of
persons with SLE (26).

Of outpatient rheumatology patients, 18% reported to
have a GFR of ≤60 ml/minute compared to 5% in the
general population (27).

Relevant
conditions

Modified WHO cardiovascular risk class. Class III includes
mechanical valve. Class IV includes PH, severe LVDD with EF of
<30–40%, and severe left-sided outflow tract obstruction (28).

PH: Due to the vasculature’s inability to relax, the cardiac output
rise in pregnancy increases pulmonary arterial pressure and
could precipitate right-sided heart failure (29).

SLE: Lupus nephritis (30).
ANCA vasculitis: Crescentic (pauci-immune) GN (27).
SSc: Scleroderma renal crisis (27).

Pregnancy-
associated
risk

ModifiedWHO cardiovascular risk class. Class III: Maternal cardiac
event rate of 19–27% associated with pregnancy. Class IV:
Maternal cardiac event rate of 40–100% associated with
pregnancy (28).

PH: Maternal mortality risk of 17–33% associated with pregnancy
(28). The risk of severe right heart failure persists for at least 72
hours after delivery (31). Avoidance of pregnancy is
recommended for patients with raised pulmonary arterial
pressure, although patients with very mild PH may wish to get
advice from a multidisciplinary team with experience in
managing this condition in pregnancy (28).

Step-wise increase in maternal and fetal pregnancy-related
risks from chronic kidney disease stage 1 to stages 4–5.
Combined outcome of prematurity, need for neonatal
intensive care unit, and small for gestational age
newborns present in 34% of pregnancies for persons in
stage 1 chronic kidney disease and 90% for persons with
stage 4 or 5 chronic kidney disease (32).

Adverse maternal outcomes: Worsening kidney function,
proteinuria, and HTN (33).

Adverse fetal outcomes: Prematurity, fetal loss, and
intrauterine growth restriction (33).

Management Modified WHO cardiovascular risk class. Class III: If pregnancy is
decided upon, requires rigorous multidisciplinary
management. Class IV: Pregnancy contraindicated and
termination should be discussed. If decision is made to
continue pregnancy, care as for Class III (28).

Patients with severe renal dysfunction may be advised not
to conceive, and termination should be discussed if they
become pregnant.

* ANCA = antineutrophil cytoplasmic antibodies; EF = ejection fraction; GFR = glomerular filtration rate; GN = glomerulonephritis;
HTN = hypertension; LVDD = left ventricular systolic dysfunction; PH = pulmonary HTN; RA = rheumatoid arthritis; SLE = systemic lupus erythe-
matosus; SSc = systemic scleroderma; WHO = World Health Organization.
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procedures. We will address the different methods and motiva-
tions for choosing a particular method. While one method may
be recommended, it is ultimately the patient who decides which
method to pursue, as patient choice and autonomy are strong
predictors of patient satisfaction.

Medication abortion. First trimester medication abortions are
performed by combination regimens of either mifepristone/
misoprostol or MTX/misoprostol. Since the approval of the com-
bination regimen of mifepristone/misoprostol for pregnancy termi-
nation in 2016 by the US Food and Drug Administration and
Health Canada, it has become the most common method for first
trimester medication abortions. It consists of the administration of
200mg of mifepristone, followed by 800mcg of misoprostol 24 to
48 hours later. The efficacy of medication abortion decreases with
increasing gestational age. In pregnancies that are less than 49
days gestation, medication abortion is as effective as surgical
abortion. While medication abortion is indicated for use in

pregnancies up to until 63 days gestation in Canada, there is
strong clinical evidence demonstrating safety and efficacy of
resulting in expulsion of all products of conception between
90% and 96% before 70 days gestation (9). In the US, this
method is indicated for pregnancies until 70 days gestation.

Reasons for choosing a medication abortion include that it is
noninvasive with no need for surgery or anesthesia, can be done
at home, and may be perceived as more “natural” (10). However,
certain aspects of a medication abortion may deter patients from
choosing this method. It involves increased cramping, lacks the
immediacy of a surgical abortion, and requires frequent health
care visits. In addition to patient preference, relative contraindica-
tions to medication abortion include severe anemia, coagulopa-
thy, and/or anticoagulant drug use due to the increased risk of
bleeding of this procedure (11). The risk of hemorrhage in medica-
tion abortion is 16% compared to 2% of that in surgical abortion
(12,13). Second trimester medication abortions are performed
with misoprostol regimens to induce labor and delivery and may
also include mifepristone as it is thought to reduce the time to
pregnancy expulsion.

Medications used in medication abortions each have specific
contraindications. MTX is contraindicated in patients with impor-
tant liver or renal diseases, severe immunodeficiency, and bone
marrow suppression (14). There are no data on how to manage
the care of patients taking MTX for other therapeutic purposes
who wish to undergo medication abortion with a regimen that
includes MTX. Mifepristone is contraindicated in patients with
uncontrolled asthma as it may trigger bronchospasm and inter-
fere with the efficacy of systemic glucocorticoid therapy used to
treat severe asthma. This is also an important consideration for
patients with eosinophilic granulomatosis with polyangiitis. Mifep-
ristone is also contraindicated in chronic adrenal failure, which will
be further detailed in a subsequent section (11).

Surgical abortion. First trimester surgical abortion is per-
formed by suction dilation and curettage. To reduce the risk of
infection, antibiotics are administered pre- and post-procedure.
Analgesia usually consists of a combination of oral, intravenous,
inhaled, and local (paracervical block) agents. The procedure lasts
~10 minutes, during which the cervix is gradually dilated and uter-
ine contents are aspirated (15).

For second trimester pregnancies, surgical abortion is per-
formed by dilatation and evacuation. Prior to the procedure,
mechanical or medical cervical preparation is administered. The
procedure is performed with the recipient placed under general
anesthesia or deep intravenous sedation and takes 30 minutes
to complete on average (15). First and second trimester surgical
abortions have efficacy rates of 99% in the complete removal of
all products of conception (16).

Motivations for choosing a surgical abortion include that this
method is faster, requires fewer visits, may be perceived as sim-
pler or easier by the patient, more effective, associated with less
pain, and reduces the risk of requiring subsequent emergency

Table 2. Possible adverse pregnancy outcomes associated with
selected rheumatic diseases

Rheumatic
disease Possible adverse pregnancy outcomes

Systemic lupus
erythematosus

Increased incidence of placenta-mediated
complications (gestational hypertension,
preeclampsia, fetal growth restriction,
placental abruption, fetal death) and
preterm births (34).

Pregnancy is associated with a 60% higher
rate of disease flare compared to the
nonpregnancy period in systemic lupus
erythematosus (34).

Systemic
scleroderma

Associated with an increased risk of preterm
birth, early pregnancy loss, and placenta-
mediated complications (35).

Renal crisis may complicate pregnancy. It
can be life-threatening to both themother
and the fetus (35).

Vasculitic disorders Associated with increased rates of preterm
birth and pregnancy loss (36).

Most common pregnancy complication in
Takayasu arteritis is hypertension and/or
preeclampsia, occurring in 43% of
pregnancies (36).

Large vessel diseasemay result in potentially
fatal rupture of the vessel wall when
exposed to pregnancy-related
cardiovascular changes (28).

Antiphospholipid
syndrome

High risk of venous and arterial
thromboembolic events and placenta-
mediated complications including fetal
growth restriction, severe preeclampsia
and HELLP syndrome (hemolysis, elevated
liver enzyme levels, and low platelet levels)
(37).

High incidence of adverse pregnancy
outcomes including fetal loss at or beyond
the 10th week of gestation and placenta-
mediated complications despite optimal
treatment (38).
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surgery in the event of a failed medication abortion (17). Although
the complications rate is <1%, there remains a potential risk of
infection, incomplete abortion, and damage to the cervix and
uterus (18).

Although there are no absolute contraindications to surgical
abortion, some medical comorbidities increase the risk of compli-
cations. For high-risk patients, physicians should consider the
medical setting in which the procedure is performed and choice
of anesthesia.

Special considerations regarding abortion in
rheumatic diseases

Bleeding risks for patients receiving anticoagulants or with a

bleeding diathesis. Some patients with rheumatic diseases pres-
ent with a higher bleeding risk. For instance, thrombocytopenia
commonly occurs in autoimmune diseases such as SLE. Chronic
anemia (inflammatory or hemolytic) can also occur (19). Moreover,
anticoagulants are used in the treatment of conditions such as
antiphospholipid syndrome, thereby increasing bleeding risk (20).

Medication abortion generally leads to more prolonged and
heavier bleeding than surgical abortion. An increased risk of
bleeding puts the patient at a higher risk of hemorrhage. More-
over, chronic anemia increases patients’ risk of needing blood
transfusions. A surgical abortion could be recommended in this
setting. Delayed bleeding is less likely as surgical abortions are
completed prior to the patient leaving the health care facility. In
addition, hemodynamic changes are noticed more promptly in a
health care setting (21). If a surgical abortion is not chosen, con-
sideration can be given to performing the medication abortion in-
hospital.

Moreover, pain management should be tailored to the
patient’s comorbidities. Nonsteroidal antiinflammatory drugs are
a first-line agent to manage pain during medication abortion;
however, it should be avoided in patients at risk of bleeding.

Interaction with steroids and/or other medications.
Mifepristone is a synthetic steroid. It competitively binds to the
glucocorticoid receptor, thereby inactivating it. Following the
intake of this drug, patients without pituitary or adrenal disorders
can increase their secretion of adrenocorticotropic hormone
and cortisol. While there are minimal adverse effects due to

Table 3. Known teratogenic drugs used for the treatment of rheumatic diseases*

Drugs Pregnancy contraindications† Teratogenic effects

MTX Contraindicated during pregnancy; stop 1–3 months prior to
conception (39).

Minimal dose resulting in congenital anomalies in studies was
7.5 mg/week. Most congenital anomalies occurred with much
higher doses of MTX.

Range of exposure was 2.5mg/day to 100–200mg biweekly to a
single dose of 50mg/m2 (40).

A prospective cohort study found exposure to MTX increased
risk of major birth defects compared to women without
autoimmune diseases (41). Based on a systematic review of
101 patients exposed to MTX at doses of 5–25 mg/week, birth
defect rates were similar to those of a nonexposed
population (42).

Teratogenic period is 3–8 weeks post-conception (40).

Congenital anomalies (40):
1. Craniosynostosis
2. Microcephaly
3. Tetralogy of Fallot
4. Facial abnormalities
5. Limb reduction defects
6. Syndactyly
Rate of major congenital anomalies in patients with
post-conception exposure is 7% (41).

Cyclophosphamide Contraindicated during pregnancy; stop 3 months prior to
conception (39).

Highest risk of teratogenicity when used in first trimester. Can
sometimes be used for life-threatening conditions in the
second or third trimester (39).

Congenital anomalies (43):
1. Growth restriction
2. Craniofacial defects
3. Limb defects
Rate of congenital anomalies is 27% (44).

Mycophenolate
mofetil

Contraindicated during pregnancy; stop at least 6 weeks prior to
conception (39).

Dose in mothers of infants with congenital anomalies is between
0.5–2 gm/day (45).

Teratogenic period is exposure until week 8 in all pregnancies
with malformations consistent with mycophenolate
embryopathy (45).

Congenital anomalies (45):
1. Cleft lip and palate
2. Anomalies of distal limbs
3. Defects of eye, ear, brain, heart, esophagus, and
kidneys

Rate for congenital anomalies in first trimester
exposure (0.5–2 gm/day) is 26% (45).

Leflunomide Contraindicated during pregnancy. Cholestyramine washout
recommended if serum concentration detectable. If
concentration undetectable, pregnancy loss and birth defect
risks are not elevated (39).

Teratogenicity in animals. No significantly increased
risk of major malformations in humans, although
data are very limited (46).

NSAIDs Contraindicated in the third trimester (39). Risk of premature closure of ductus arteriosus (39).

*MTX = methotrexate; NSAIDs = nonsteroidal antiinflammatory drugs.
† The recommendation for pregnancy termination must consider the dosage, duration of exposure, and timing of exposure to the drug. A dis-
cussion regarding the risks and benefits of pregnancy termination must be undertaken with the patient considering all the above factors.
Shared decision-making on pregnancy termination can then be taken.
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mifepristone (22), chronic adrenal failure is an absolute contraindi-
cation to its use as this drug greatly decreases the efficacy of cor-
tisol replacement therapy in these patients. Since adrenal
insufficiency impairs compensation for this effect, mifepristone
may lead to adrenal crisis (11). As such, long-term glucocorticoid
therapy, a common treatment in rheumatic diseases, is a relative
contraindication. Medication abortion without mifepristone or sur-
gical abortion is recommended for these patients. Those who still
opt for medication abortion with mifepristone would need a dose
adjustment such as an increase of their glucocorticoid therapy
for 1 week since mifepristone will diminish the effect of the
steroids for 3–4 days (13).

Infectious risks for immunosuppressed patients. Infections
are a possible complication for medication and surgical abortions.
However, the risk of infection following abortion of any type
remains <1%, with the risk of infection for medication abortion
based on the combined data of 6 prospective studies estimated
to be at 0.3% (23). Infections following medication abortions are
rarely serious, and most do not require hospitalization. There are
no data on the rates of infection in immunosuppressed patients
following medication or surgical abortion, and specific recom-
mendations on the best type of abortion for these patients are
difficult to make.

Medication abortion for women with hypercoagulable state.

Although hypercoagulable conditions such as antiphospholipid
syndrome have been associated with an increased incidence of
adverse pregnancy outcomes, there are no data to guide coun-
seling on abortive methods for these patients. Medication and
surgical abortions carry a similar risk of thromboembolic compli-
cations. Based on a study examining all induced abortions in
Finland using national health registries (22,368 medication abor-
tions and 20,251 surgical abortions), medication abortion and
surgical abortion (at a gestational age of 63 days or less) both
had a 0.08% risk of thromboembolic events at 42 days of gesta-
tion (12). Women receiving thromboprophylaxis for pregnancy
and the postpartum state should continue anticoagulation
therapy 6 weeks after abortion.

Conclusions

Summarily, many patients with rheumatic diseases will
become pregnant. Some may undergo an induced abortion for
various reasons including significant health risks and adverse
pregnancy outcomes due to their medical condition, use of tera-
togenic drugs, or other personal factors. Multiple considerations
are important to keep in mind when counseling patients on the
method of pregnancy termination. Moreover, the high percentage
of patients with SLE at risk of unplanned pregnancy (2) highlights
the importance of better pregnancy planning and contraception
counseling. These patients need to be informed of the maternal
and fetal risks and possible adverse pregnancy outcomes in

relation to their condition to make appropriate reproductive deci-
sions and reduce the need for pregnancy terminations.

Although there is a substantial body of literature on preg-
nancy and rheumatic diseases, studies on induced abortion in
patients with rheumatic diseases are scant. Given significant
knowledge gaps in this area, it is difficult to provide evidence-
based recommendations to these patients considering an
induced abortion. We emphasize the need for research on
induced abortion in these patients to better assess the safety,
effectiveness, and complications of different options for preg-
nancy termination.
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Rheumatic Disease Disclosure at the Early Career Phase
and Its Impact on the Relationship Between Workplace
Supports and Presenteeism

Arif Jetha,1 Lori Tucker,2 Catherine Backman,3 Vicki L. Kristman,4 Julie Bowring,5 Elizabeth M. Hazel,6

Louise Perlin,7 Laurie Proulx,8 Cynthia Chen,5 and Monique A. M. Gignac1

Objective. Young adults with rheumatic disease face challenges communicating health needs, accessing work-
place support, and sustaining productivity. Our objective was to examine whether disclosure modifies the relationship
between workplace support and presenteeism.

Methods. An online survey was administered to Canadian young adults with rheumatic disease and asked about
presenteeism (0 = health had no effect on work; 10 = health completely prevented working), workplace support need,
availability, and use and whether health details were disclosed to an immediate supervisor. A multivariable robust lin-
ear regressionmodel was conducted and stratified by those who did and did not disclose the details of their health to
their supervisor.

Results. A total of 306 participants completed the survey with a mean ± SD presenteeism score of 4.89 ± 2.65.
More than 70% disclosed health details to their supervisor; those who disclosed reported greater presenteeism (mean
± SD 5.2 ± 2.5) when compared to those who did not disclose (mean ± SD 4.2 ± 2.61). Greater disease severity was
associated with disclosure. Half of the participants reported unmet workplace support needs (53%), 32% reported that
their workplace support needs were met, and 15% reported exceeded workplace support needs. The relationship
between presenteeism and workplace support needs was modified by disclosure. For participants who disclosed,
workplace support needs that were unmet (β = 1.59 [95% confidence interval (95% CI) 0.75, 2.43]) and that were met
(β = 1.25 [95% CI 0.39, 2.11]) were associated with greater presenteeism when compared to those with exceeded
workplace support needs.

Conclusion. To address presenteeism, strategies should be developed for young adults with rheumatic disease to
foster access to available workplace supports and to navigate disclosure decisions.

INTRODUCTION

Young adulthood, a period spanning 18–35 years, repre-
sents a critical transitional life phase where a person establishes
themselves within the labor market, often making occupational
changes toward achieving full-time work. Presenteeism (i.e.,
working while unwell) during young adulthood can impact early
career success and contribute to difficulties with sustaining
and advancing within the workforce (1). Increasingly, studies
show that a rheumatic disease in young adulthood can be

associated with barriers to employment that are attributed to
the severity of symptoms and to work environments that lack
appropriate supports (2). Moreover, the invisible and episodic
nature of many rheumatic diseases may add to the complexity
related to the disclosure of health needs and requesting work-
place supports that are necessary to addressing employment
barriers. We examined how disclosure of health details can
modify the relationship between workplace support and pre-
senteeism, using data from a Canadian survey of young adults
with rheumatic disease.
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Within industrialized countries, rheumatic disease is one of
the most prevalent chronic health conditions affecting the working
population and is a frequently reported cause of lost productivity
(3–5). For young adults, a rheumatic disease may be associated
with unique challenges in the school-to-work transition, including
difficulties finding and sustaining stable employment, sustaining
productivity, and achieving career advancement while balancing
work, health, and personal responsibilities (2,6–9). Challenges in
the school-to-work transition can be exacerbated by ongoing
needs for health care that can change as a young person moves
from pediatric to adult health care settings (10,11). A Canadian
survey of young adults living with juvenile arthritis (JA) and sys-
temic lupus erythematosus (SLE) indicated that >40% reported
lost productivity, including health-related missed work days and
job disruption. Productivity loss was more likely to be reported
by young adults with more severe rheumatic disease symptoms
(e.g., greater pain, fatigue, and activity limitations) and by those
who reported more challenging work contexts (e.g., less job con-
trol or supervisor support) (12).

A supportive work environment can play an important role in
addressing presenteeism and strengthening person–job fit for
people with chronic disease (13–15). Studies with older age
groups living with rheumatic disease show that diverse workplace
support needs remaining unmet (e.g., job accommodation, work
modification, and health benefits) are often associated with pre-
senteeism and greater workplace activity limitations, while having
workplace support needs met or even exceeded are related to
less presenteeism (13,16,17). Importantly, existing research on
workplace supports may not always be relevant to young adults
with rheumatic disease, who have less established employment
histories and who are more likely to work in nonstandard employ-
ment where formal accommodations are less likely to be avail-
able (18).

The disclosure of rheumatic disease by employees within the
workplace may play an important role in determining access
to workplace supports, especially for those requiring an

accommodation (e.g., accessible workstation) or access to a
work modification (e.g., scheduling flexibility) (19). When com-
pared to older age groups, young adults with rheumatic disease
report greater hesitancy in communicating details about their
health to their supervisor (15,20). Qualitative research has found
that intermittent and unpredictable disease symptoms coupled
with less job tenure, inexperience with workplace self-advocacy,
and poorly established relationships with a supervisor are com-
monly described barriers to communicating needs and request-
ing workplace supports (15,20). Life course research suggests
that the timing of events can also impact work-related percep-
tions and behaviors. Specifically, a rheumatic disease is often
seen by others as a condition of older adults. A rheumatic disease
may be considered by others as occurring at a nonnormative time
when experienced by a young adult (21–23). Consequently, there
may be apprehension in requesting assistance out of concern of
a negative reaction from supervisors (7,15,20). At the same time,
privacy legislation within many industrialized countries means that
workers with rheumatic disease are not legally obligated to reveal
their health condition to an employer unless there is a safety con-
cern (24). Other research indicates that the disclosure of a health
condition to an immediate supervisor may modify the relationship
between workplace supports and presenteeism; those who dis-
close may be more likely to have their workplace supports met,
thereby attenuating the impact of health on work (19,24).

Little research has examined the association between rheu-
matic disease disclosure at the early career phases and how it
modifies the relationship between workplace support needs and
presenteeism. Our study aimed to address this knowledge gap
in a cohort of Canadian young adults with rheumatic disease.
We addressed 4 study objectives: 1) to describe the proportion
of participants who reported that their workplace support needs
were unmet, met, or exceeded, and who reported disclosing the
details of their health to their immediate supervisor; 2) to examine
the relationship between disclosure of health details to an immedi-
ate supervisor and whether workplace support needs were
unmet, met, or exceeded; 3) to compare whether presenteeism
differed according to whether workplace support needs were
unmet, met, or exceeded and whether or not a participant dis-
closed the details of their health to an immediate supervisor; and
4) to examine whether the relationship between workplace sup-
port needs and presenteeism was modified by disclosure of
health details when adjusting for sociodemographic, disease/
health, and work context factors.

MATERIALS AND METHODS

We analyzed cross-sectional data from an ongoing longitu-
dinal online survey of young adults with rheumatic disease. To
be eligible, participants had to be between ages 18 and 35
years, report a doctor-diagnosed rheumatic condition (e.g., JA,
SLE, rheumatoid arthritis) and have paid employment in the past

SIGNIFICANCE & INNOVATIONS
• Our study is one of the first to unpack the relation-

ship between the disclosure of health details, work-
place support needs, and presenteeism for young
adults with rheumatic disease.

• More than half of young adults with rheumatic dis-
ease in our study reported that their workplace sup-
port needs were unmet.

• More than two-thirds of young adults with rheu-
matic disease described disclosing health details to
their supervisor; those with a more severe disease
were more likely to disclose.

• The relationship between unmet workplace sup-
port needs and presenteeism was significant for
participants who disclosed health details.
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year. Self-reported doctor diagnosis of rheumatic disease is
considered a valid case-finding approach for public health
research (25). Also, our decision to include different rheumatic
diseases when constructing our cohort was informed by previ-
ous research showing that at-work experiences and workplace
support needs are comparable even though clinical features
may differ (26).

We used 3 recruitment approaches to maximize engage-
ment. Participants were recruited directly from clinics in 3 Cana-
dian provinces (British Columbia, Ontario, and Quebec). Eligible
participants recruited through clinics were provided with a study
invitation card by a clinic representative with a link to the online
questionnaire. Second, young adult participants with rheumatic
disease were recruited using an existing panel maintained by a

Table 1. Description of total sample of young adults with rheumatic disease and by whether a participant disclosed
health details to their immediate supervisor or manager*

Total sample
(n = 306)

Disclosed
(n = 216)

Not disclosed
(n = 90) P

Sociodemographic factors
Age, years 28.5 ± 4.5 28.7 ± 4.5 28.0 ± 4.4 0.25
Sex, no. (%)
Women 187 (63.1) 136 (63) 57 (63.3) 0.95
Men 113 (36.9) 80 (37.0) 33 (36.7) –

Educational attainment, no. (%)
<Postsecondary education 51 (16.7) 35 (16.2) 16 (17.8) 0.95
≥Postsecondary education† 255 (83.3) 181 (83.8) 74 (82.2) –

Married/living as if married 138 (45.1) 105 (48.6) 33 (36.7) 0.06
Primary childcare responsibilities 69 (22.6) 55 (25.5) 14 (15.6) 0.06

Disease/health factors
Pediatric disease onset (age <18 years), no. (%) 157 (51.3) 108 (50.0) 49 (54.4) 0.48
Pain (0–10) 5.5 ± 2.5 5.8 ± 2.4 5.1 ± 2.7 0.03
Fatigue (0–10) 6.1 ± 2.3 6.3 ± 2.2 5.6 ± 2.6 0.03
Disease activity (0–10) 4.9 ± 2.6 5.1 ± 2.5 4.4 ± 3.0 0.04
Self-rated health, no. (%)
Poor 30 (9.8) 21 (9.7) 9 (10.0) 0.01
Fair 128 (41.8) 101 (46.8) 27 (30.0) –

Good 101 (33.0) 65 (30.1) 36 (40.0) –

Very good 38 (12.4) 24 (11.1) 14 (15.6) –

Excellent 9 (2.9) 5 (2.3) 4 (4.4) –

Depression (PHQ-2), no. (%) 109 (35.6) 80 (37.0) 29 (32.2) 0.42
Workplace activity limitations
(WALS: 0–36)

11.6 ± 6.4 12.6 ± 6.2 9.2 ± 6.2 0.001

Work context factors
Employed status, no. (%)
Full-time (≥30 hours/week) 208 (68.0) 147 (68.1) 61 (68.0) 0.96
Part-time (<30 hours/week) 98 (32.0) 69 (31.9) 29 (32.2) –

Employment contract, no. (%)
Permanent 232 (75.8) 167 (77.3) 65 (72.2) 0.34
Temporary 74 (24.2) 49 (22.7) 25 (27.8) –

Job tenure, years 2.9 ± 2.7 3.06 ± 2.8 2.53 ± 2.5 0.13
Job sector
Trades, no. (%) 61 (19.9) 44 (20.4) 17 (18.9) 0.92
Sales and services 39 (12.8) 28 (13.0) 11 (12.2) –

Professional services 67 (21.9) 45 (20.8) 22 (24.4) –

Health care/social services 119 (38.9) 86 (39.8) 33 (36.7) –

Technology 20 (6.5) 13 (6.0) 7 (7.8) –

Job control (1–5) 2.8 ± 1.1 2.8 ± 1.0 2.8 ± 1.1 0.72
Workplace physical activity requirements (1–5) 3.0 ± 1.2 3.0 ± 1.2 3.0 ± 1.3 0.99
Mental job demands (1–5) 3.5 ± 1.1 3.5 ± 1.1 3.5 ± 1.1 0.86
Job stress (1–5) 3.1 ± 0.9 3.2 ± 0.9 3.0 ± 1.0 0.11
Organizational support (1–5) 3.2 ± 1.2 3.2 ± 1.11 3.1 ± 1.3 0.27
Workplace support needs, no. (%)
Workplace support needs exceeded 48 (15.7) 32 (14.8) 16 (17.8) 0.80
Workplace support needs met 97 (31.7) 68 (31.5) 29 (32.2) –

Workplace support needs unmet 161 (52.6) 116 (53.7) 45 (50.0) –

Presenteeism (0–10) 4.89 ± 2.65 5.18 ± 2.47 4.19 ± 2.61 0.006

* Values are the mean ± SD unless indicated otherwise. PHQ-2 = 2-item Patient Health Questionnaire;
WALS = Workplace Activity Limitations Scale.
† Postsecondary educational attainment includes training from a college or university.
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research firm consisting of >1 million Canadians that is nation-
ally representative according to region and income. Third,
community-based recruitment was conducted through 3 non-
profit organizations that support the health and employment
needs of young people with rheumatic conditions. Each commu-
nity organization shared study advertisements through their list-
servs or social media accounts. All potential participants were
provided with study information, and informed consent was
obtained before they completed the questionnaire (27). Study
procedures were approved by the University of Toronto Research
Ethics Board (REB# 36588).

Survey. The online questionnaire was in English or
French and took ~30 minutes to complete. Survey items were

selected based on their psychometric properties and use in pre-
vious studies.

Outcome measure: presenteeism. A global item from the
Work Productivity and Activity Impairment Questionnaire asked
participants to rate the extent to which their health affected pre-
senteeism in the past week: “During the past seven days, how
much did your health affect your productivity while you were
working?” Response options were provided on an 11-point scale
(0 = health had no effect on my work; 10 = health completely pre-
vented me from working) (28).

Independent variable: workplace support needs unmet, met,
or exceeded. A list of 13 job accommodations (e.g., workstation
adaptation), modifications (e.g., work schedule flexibility), or ben-
efits (e.g., prescription drug coverage) were presented to partici-
pants, based on previous studies of accommodation practices
for people with rheumatic disease (15). Participants were asked
whether a particular job accommodation, modification, or benefit
was available (yes/no/don’t know), needed (yes/no), and used
(yes/no). Using responses, a 3-level variable was constructed: 1)
unmet workplace support need (participant’s need for workplace
supports was greater than their use of available workplace sup-
port), 2) workplace support needs met (participant’s need for
workplace support was equal to their use of available workplace
support), and 3) workplace support needs exceeded (partici-
pant’s need for workplace support was less than the available
workplace supports) (13).

Modifier variable: disclosure to supervisor. A single item
asked whether a participant had disclosed their health details to their
immediate supervisor: “Have you talked to your immediate supervi-
sor/manager about any limitations you have that might affect your
work and that are related to your rheumatic disease?” Respondents
provided a dichotomous response (0 = no; 1 = yes) (19).

Covariates. Sociodemographic, disease/health, and work
context factors were collected for descriptive purposes and were
adjusted for in multivariable models. Sociodemographic factors
included age (years), sex/gender, education (postsecondary

Table 2. Workplace supports that young adults with rheumatic disease reported as being needed, available, and
used*

Needed Available Used

Work schedule flexibility 277 (90.5) 239 (78.1) 260 (85.0)
Prescription drug coverage 264 (86.3) 224 (73.2) 236 (77.1)
Extended health benefits 261 (85.3) 208 (68.0) 216 (70.6)
Paid sick leave 246 (80.4) 196 (64.1) 197 (64.6)
Modified job duties 235 (76.8) 194 (63.4) 190 (62.1)
Informal work modification 216 (70.6) 201 (65.7) 192 (62.8)
Facilities or opportunities to manage health at work 209 (68.3) 195 (63.7) 168 (54.9)
Workstation adaptations 199 (65.0) 196 (64.1) 169 (55.2)
Work-from-home arrangements 192 (62.6) 140 (45.8) 153 (50.0)
Employee assistance program 184 (60.1) 179 (58.5) 141 (46.1)
Accessible workplace 184 (60.1) 214 (69.9) 166 (54.3)
Assistive devices or technology 166 (54.3) 163 (53.3) 146 (47.5)
Other workplace supports 112 (36.6) 45 (14.7) 65 (21.2)

* Values are the number (%).

Figure 1. Frequency of disclosure of health details to an immediate
supervisor or manager based on whether young adult participants
with rheumatic disease reported that their workplace support needs
were unmet, met, or exceeded.
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educational attainment including training from college or university),
and marital status (married/living as if married). Disease/health fac-
tors, including information on pediatric onset of a rheumatic disease
(age <18 years) and self-rated health (1 = poor; 5 = excellent), were
obtained. Self-reported pain, fatigue, and disease activity were

measured using 11-point scales (0 = no pain/fatigue/disease activ-
ity; 10 = worst possible pain/fatigue/disease activity) (29). Partici-
pants were asked about the frequency of depressed mood in the
last 2weeks using the 2-item Patient Health Questionnaire (0 = not
at all; 3 = nearly every day). A total sum score of >3 suggested the
likelihood of depression (30). Participants also completed theWork-
place Activity Limitation Scale (WALS) to measure difficulties with
workplace activities and tasks. WALS is a 12-item scale that asks
about problems with lower mobility, upper mobility, concentration,
and the pace and schedule of work (0 = no difficulty/not applicable
to job; 3 = unable to do). Items were summed to produce a score
ranging from 0 to 36 (31).

Work context factors were obtained by asking participants
about the details of their current or recent employment, including
whether they worked part-time (<30 hours/week) or full-time
hours (≥30 hours/week) and whether they had a permanent or
temporary contract. Participants were also asked about their job
tenure (years), job sector in which they were employed (trades/
transportation, sales/services, professional services, health care/
social services, technology), and the extent to which their employ-
ment had physical activity requirements (1 = not at all; 5 = a great
deal) and mental job demands (1 = not at all; 5 = a great deal).
Additionally, participants were asked about their perceptions of
job control, job stress, and organizational support (1 = not at all;
5 = a great deal).

Statistical analysis. Descriptive statistics were used to
examine variable distributions. Chi-square tests and t-tests were
conducted to examine how study variables differed for those

Table 3. Univariable linear regression models examining factors
associated with presenteeism, including workplace support needs
that were exceeded, met, or unmet, disclosure of health details to
an immediate supervisor or manager, and study covariates*

Values

Sociodemographic factors
Age, years 0.02 (−0.0, 0.09)
Sex
Men 0.35 (−0.27, 0.98)
Women –

Educational attainment
<Postsecondary education –

≥Postsecondary education† 0.22 (−0.58, 1.02)
Married/living as if married −0.07 (−0.67, 0.52)
Primary childcare responsibilities 0.52 (−0.19, 1.23)

Disease/health factors
Pediatric disease onset (<18 years) −0.78 (−1.37, −0.19)‡
Pain (0–10) 0.60 (−0.04, 0.09)
Fatigue (0–10) 0.54 (0.42, 0.65)‡
Disease activity (0–10) 0.56 (0.47, 0.66)
Self-rated health
Poor/fair –

Good/very good/excellent −1.18 (−1.77, –0.60)‡
Depression (PHQ-2) 1.97 (1.39, 2.55)‡
Workplace activity limitations
(WALS: 0–36)

0.19 (0.15, 0.24)‡

Work context factors
Employment status
Full-time (≥30 hours/week) −0.30 (−0.94, 0.34)
Part-time (<30 hours/week) –

Employment contract
Temporary –

Permanent −0.09 (−0.79, 0.60)
Job sector
Sales and services –

Professional services 0.44 (−0.60, 1.49)
Health care/social services 0.18 (−0.78, 1.13)
Technology 0.76 (−0.66, 2.19)

Job control (1–5) 0.03 (−0.25, 0.31)
Workplace physical activity
requirements (1–5)

0.16 (−0.08, 0.40)

Mental job demands (1–5) −0.02 (−0.29, 0.25)
Job stress (1–5) 0.81 (0.50, 1.12)
Organizational support (1–5) −0.24 (−0.49, 0.01)
Disclosed to supervisor or manager 0.99 (0.35, 1.64)‡
Workplace support needs
Workplace support needs
exceeded

–

Workplace support needs met 1.51 (0.61, 2.41)‡
Workplace support needs unmet 1.61 (0.77, 2.45)‡

* Values are the β estimate from univariable linear regression
model (95% confidence interval). Presenteeism was measured on
an 11-point scale (0 = health had no effect on my work; 10 = health
completely prevented me from working). PHQ-2 = 2-item Patient
Health Questionnaire; WALS = Workplace Activity Limitations Scale.
† Postsecondary educational attainment includes training from a
college or university.
‡ Statistically significant.

Figure 2. Box plot comparing presenteeism based on participants’
workplace support needs being exceeded, met, or unmet. Solid line
shows median presenteeism score; lower and upper whiskers repre-
sent lower and upper adjacent values.
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who had disclosed the details of their health to the supervisor and
those who had not. Univariable linear regression analyses were
conducted to examine the association between the study vari-
ables and presenteeism. Covariates of theoretical importance as
well those significantly related to presenteeism at the univariable
level were carried forward to the final multivariable model. To test
study hypotheses, a multivariable linear regression model was
developed that was stratified for those who did and did not dis-
close the details of their health to their supervisor. A robust
regression was chosen because it is less sensitive to data with
variables that may not exhibit normality or may possess atypical
values when compared to linear regression models with ordinary

least-squares estimators (32). Analyses were conducted using
SAS software, version 9.3 (33).

RESULTS

A total of 306 young adults with a rheumatic disease com-
pleted the survey (mean age 28.5 ± 4.5 years), of whom less than
two-thirds were recruited through the research firm (64%), 26%
were recruited through community-based organizations, and
11% were recruited from rheumatology clinics (27).

The sample is described in Table 1. Approximately two-
thirds of participants were women (63%), 45%were married/living

Table 4. Stratified multivariable robust regression model examining the relationship between presenteeism and whether work-
place support needs were exceeded, met, or unmet*

Disclosed (n = 216) Not disclosed (n = 90)

Sociodemographic factors
Age, years 0.00 (−0.07, 0.07) 0.02 (−0.07, 0.11)
Sex
Women – –

Men 0.52 (−0.12, 1.17) 0.09 (−0.93, 1.11)
Education
<Postsecondary education – –

≥Postsecondary education† 0.81 (0.10, 1.54)‡ −0.32 (−1.46, 0.82)
Married/living as if married −0.25 (−0.83, 0.33) 0.12 (−0.71, 0.95)
Primary childcare responsibilities −0.43 (0.34, −1.10) −0.46 (−1.61, 0.70)

Disease/health factors
Pediatric disease onset (<18 years) 0.08 (−0.52, 0.69) 0.30 (−0.55, 1.15)
Pain (0–10) 0.40 (0.09, 0.22)‡ 0.14 (−0.09, 0.38)
Fatigue (0–10) 0.17 (0.01, 0.33)‡ 0.23 (−0.01, 0.47)‡
Disease activity (0–10) 0.06 (−0.11, 0.24) 0.47 (0.24, 0.71)‡
Self-rated health
Poor/fair – –

Good/very good/excellent 0.04 (−0.56, 0.64) 0.27 (−0.69, 1.23)
Depression (PHQ-2) 0.62 (0.01, 1.23)‡ 0.16 (−0.74, 1.06)
Workplace activity limitations (WALS: 0–36) 0.11 (0.06, 0.16)‡ 0.10 (0.02, 0.17)‡

Work context factors
Employment status
Full-time (≥30 hours/week) – –

Part-time (<30 hours/week) −0.20 (−0.84, 0.45) 0.17 (−0.70, 1.05)
Employment contract
Temporary – –

Permanent −0.98 (−1.64, −0.31)‡ −0.06 (–0.96, 0.83)
Job sector
Sales and services – –

Trades and transportation 0.01 (−1.01, 1.03) 1.75 (0.32, 3.17)‡
Professional services −0.20 (−1.25, 0.85) 0.90 (−0.36, 2.16)
Health care/social services −0.39 (−1.33, 0.56) 0.87 (−0.44, 2.17)
Technology 0.65 (−0.72, 2.01) 1.27 (−0.36, 2.90)

Job control (1–5) 0.18 (−0.10, 0.46) 0.05 (−0.28, 0.37)
Workplace physical activity requirement (1–5) −0.34 (−0.58, −0.10)‡ 0.27 (−0.03, 0.57)
Mental job demands (1–5) −0.02 (−0.28, 0.23) −0.12 (−0.51, 0.28)
Workplace support needs
Workplace support needs exceeded – –

Workplace support needs meet 1.25 (0.39, 2.11)‡ −0.58 (−1.66, 0.50)
Workplace support needs unmet 1.59 (0.75, 2.43)‡ −0.79 (−1.86, 0.27)

* Values are the β estimate from robust multivariable linear regression model (95% confidence interval). The model was
stratified according to whether a young adult with rheumatic disease disclosed the details of their health to their immediate
supervisor. Presenteeism was measured on an 11-point scale (0 = health had no effect on my work; 10 = health completely
prevented me from working). PHQ-2 = 2-item Patient Health Questionnaire; WALS = Workplace Activity Limitations Scale.
† Postsecondary educational attainment includes training from a college or university.
‡ Statistically significant.
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as married, 23% reported childcare responsibilities, and most
reported obtaining a postsecondary education (83%). Half of the
participants reported a pediatric onset of their rheumatic disease,
over half of the sample indicated poor/fair self-rated health (52%),
and 36% indicated depression. More than two-thirds of partici-
pants reported full-time employment (68%), and three-fourths
held a permanent contract (76%). Mean ± SD job tenure was
2.9 ± 2.7 years. Notably, of a possible 10 points, participants
reported a mean ± SD presenteeism score of 4.89 ± 2.65.

Close to 70% of participants reported disclosing the details
of their health to their immediate supervisor or manager at work.
When compared to those who did not disclose health details,
participants who disclosed reported significantly greater mean
pain (5.1 versus 5.8), fatigue (5.6 versus 6.3), disease activity
(4.4 versus 5.1), and WALS scores (9.2 versus 12.6). Also, when
compared to those who did not disclose, a significantly greater
frequency of participants who reported disclosing the health
details indicated fair/poor health (40% versus 57%). A greater
frequency of participants who disclosed health details indicated
depression when compared to those who did not disclose
(37% versus 32%), but this relationship was not statistically
significant.

An examination of the specific workplace supports needed,
available, and used are reported in Table 2. The most needed
workplace supports included work schedule flexibility (91%), pre-
scription drug coverage (86%), extended health benefits (85%),
paid sick leave (80%), and modified job duties (77%). With the
exception of an accessible workplace, participants reported that
their need for the different workplace supports exceeded the
reported availability and use. More than half of participants
reported that their workplace support needs were unmet (53%).
In comparison, 32% reported that their workplace support needs
were met, and 16% reported that their workplace support needs
were exceeded. There were no significant differences in the fre-
quency of participants disclosing the details of their health to their
supervisor based on workplace support needs being reported as
unmet, met, or exceeded (Table 1 and Figure 1).

Univariable analyses examined the relationships between
workplace support needs, disclosure of health details, and pre-
senteeism. Participants who reported disclosing health details to
their supervisor reported greater presenteeism compared to
those who did not disclose (β = 0.99 [95% confidence interval
(95% CI) 0.35, 1.64]) (Table 3). Additionally, at the univariable
level, those who reported that their workplace support needs
were met (β = 1.51 [95% CI 0.61, 2.41]) or unmet (β = 1.61
[95% CI 0.77, 2.45]) reported greater presenteeism when com-
pared to those who reported that their workplace support needs
were exceeded (Figure 2).

The final multivariable model examined the relationship
between workplace support needs and presenteeism and was
stratified by disclosure (Table 4). The model was adjusted for
sociodemographic, disease/health, and work context factors.

The relationship between presenteeism and workplace support
needs was statistically significant for participants who reported
disclosure of health details. Workplace support needs reported
as being unmet were associated with a 1.59-point increase in
presenteeism when compared to those reporting workplace sup-
port needs as being exceeded (β = 1.59 [95% CI 0.75, 2.43]).
Workplace support needs reported as being met were associated
with a 1.25-point increase in presenteeism when compared to
those who reported that their needs were exceeded (β = 1.25
[95% CI 0.39, 2.11]). Of note, for those who disclosed, greater
pain (β = 0.40 [95% CI 0.09, 0.22]) and having depression
(β = 0.62 [95% CI 0.01, 1.23]) were associated with greater pre-
senteeism. For participants not disclosing their health details, the
relationship between workplace support needs and presenteeism
was not statistically significant.

DISCUSSION

Employment at an early career phase can shape longer-term
experiences in the labor market. Our survey is one of the first to
unpack the complex relationship between the disclosure of health
details, supportiveness of the work environment, and productivity
for Canadian young adults with rheumatic disease. Our survey
highlighted the fact that workplace support needs at the early
career phase can go unmet. What is more, we found that unmet
workplace needs were associated with greater presenteeism for
those who reported disclosing at least some health details to their
supervisor. Encouraging productive employment at the early
career phase can play an important role in enhancing work and
health outcomes across the life course (1,34). Findings have impli-
cations for young adults with rheumatic disease and their clinical
care teams to encourage the identification and acquisition of
employment in supportive work environments and to help navi-
gate disclosure decisions. Results also have implications for
supervisors and other workplace stakeholders (e.g., human
resource representatives and disability management profes-
sionals) to facilitate availability and access to diverse job accom-
modations, modifications, and benefits for young adults entering
the workplace and to create work environments where
employees are comfortable discussing their needs.

Our survey is one of the largest of its kind to ask young adults
with rheumatic disease with employment experience about their
workplace support needs. Aligning with previous research of
older age groups with rheumatic disease, the most needed work-
place supports among our young adult sample included
employer-provided prescription drug coverage and extended
health benefits, work schedule flexibility, and modified job duties
(13,14). These accommodations play an important role in addres-
sing the impact of rheumatic disease symptoms and activity limi-
tations on employment participation (15). Of concern, more than
half of the participants in our study reported that their workplace
support needs were unmet. Our findings provide evidence that
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young workers with rheumatic disease may start their career in
work environments where supports are less accessible (18,35).
Results can be explained by Canadian labor market analyses,
which show that, when compared to older age groups, young
adults are more likely to be employed precariously and in jobs
where formal accommodations and extended health benefits are
less likely to be provided (20,36). Additional research is required
to expand on the barriers and facilitators within the work environ-
ment that may be unique to young adults with rheumatic disease
and to determine access to workplace supports.

The relationship between unmet workplace support needs
and presenteeism is complex and may depend on the extent to
which a young person communicates the details of their health
at work. More than two-thirds of young adults in our study indi-
cated disclosing health details to their supervisor. Those who
did disclose the details of their condition indicated greater dis-
ease severity, more workplace activity limitations, and greater
presenteeism when compared to those who did not disclose
the details of their condition. Moreover, the relationship between
unmet workplace support needs and presenteeism was only
significant for those who had disclosed the health details to their
supervisor. Importantly, existing Canadian privacy legislation
means that young workers with rheumatic disease are not obli-
gated to disclose the details of their health condition (24). Those
with a well-managed disease and less severe symptoms that
interfere with work may not be required to disclose health details
to obtain assistance.

Findings could also be explained by emerging research on
disclosure decisions conducted in samples living with a broader
range of invisible and episodic chronic health conditions. These
studies find that individuals may choose to communicate health
details when there is a crisis situation (e.g., severe flares of pain
or depressive episode) and when a workplace support is neces-
sary to address lost productivity (24). Additionally, having a rheu-
matic disease at a young age, which may be invisible to others,
could be associated with unique challenges in communicating
health needs. Past studies have found that young adults with
rheumatic disease may choose to not disclose so as to protect
themselves from the potential of a negative reaction from a super-
visor or to ensure that they are not excluded from career advance-
ment opportunities (e.g., job upskilling, business travel) (7,36).
Our results draw greater attention toward the development of
resources that are directed to the unique needs of young people
with rheumatic disease to understand the pros and cons of com-
municating health needs at work (20).

Of interest, when compared to those with unmet or met
workplace support needs, participants who indicated that their
needs were exceeded by their employer were significantly less
likely to report presenteeism. Importantly, these study findings
are cross-sectional, and causation cannot be determined. None-
theless, our study adds to growing evidence on the importance
of the work context to fostering the productivity of people with

rheumatic disease (37–39). In particular, our study shows that
employers who offer diverse workplace supports can attenuate
the relationship between rheumatic disease and presenteeism at
the early career phase. Alternatively, for young adults with rheu-
matic disease, the absence of workplace supports may contrib-
ute to a lack of fit between health needs and characteristics of
the work environment. Importantly, employers often report being
unaware of the number of employees who are living with chronic
disease and the types of accommodations and modifications that
are most needed (40). Our study suggests that targeted knowl-
edge translation efforts to employers may be needed to increase
awareness of the benefits of a supportive work environment for
young workers with rheumatic disease and to provide recom-
mendations on ways the employers can support employment
success. Findings may also inform vocational rehabilitation rec-
ommendations for young adult patients in transitional rheumatol-
ogy settings, to encourage a consideration of the importance of
supportive work environments and the specific accommodations,
modifications, and benefits that can address health needs and
boost productivity.

A strength of our study was our diverse sample of employed
young adults with rheumatic disease from across Canada. In par-
ticular, our purposive recruitment approach enabled us to con-
struct a cohort of young people with rheumatic disease from
clinical and community settings who may differ in terms of access
to health care and who ranged according to personal, disease/
health, and work context factors. At the same time, a majority of
participants in our study indicated having a postsecondary edu-
cation. Also, while our multivariable model controlled for work
context factors, we did not have the statistical power to examine
differences in the availability and need of workplace support
according to specific job sectors. Additional research of partici-
pants who may range in educational attainment and are work-
ing across a broader range of job sectors could be beneficial
in further understanding the experiences of young adults with
rheumatic disease within different work environments and
occupations, and such research may enhance the generalizability
of our findings. While our survey captured self-reported informa-
tion on disclosure of health details, details on the content and
amount of information shared with a supervisor are unclear.
Future research on the disclosure processes (e.g., details com-
municated to an employer, timing of disclosure) could advance
recommendations provided to young adults with rheumatic dis-
ease on the communication of their health information. Finally,
our study was cross-sectional. Longitudinal research across the
school-to-work transition is needed to expand on our results
and determine causal pathways in the relationship between dis-
closure, workplace supports, and presenteeism.

Supporting productivity at the early career phase can have
important implications for young people with rheumatic disease
as they enter the labor market and across their working life. Our
study highlights the complex interrelationship between disease
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disclosure, unmet workplace support needs, and presenteeism.
Indeed, employers who offer diverse job accommodations, mod-
ifications, and health benefits provide a more supportive work
environment and play an important role in ensuring that young
workers with rheumatic disease are able to sustain productivity.
However, the benefits of workplace support may only be
accessed by those who communicate their needs. Findings
underscore the importance of equipping young people with
resources that can be used to navigate disease disclosure and
requests for support as they establish their careers with a rheu-
matic disease.
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