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Coronary Microvascular Dysfunction in Rheumatoid 
Arthritis Compared to Diabetes Mellitus and Association 
With All-Cause Mortality
Katherine P. Liao,  Jie Huang, Zeling He, Gabrielle Cremone, Ethan Lam, Jon M. Hainer, Victoria Morgan, 
Courtney Bibbo, and Marcelo Di Carli

Objective. Coronary microvascular dysfunction (CMD) is a predictor of cardiac death in diabetes mellitus (DM) 
independent of traditional cardiovascular (CV) risk factors. Rheumatoid arthritis (RA) is a chronic inflammatory 
condition, with excess CV risk compared to the general population, in which CMD is hypothesized to play a role; 
however, there are limited data on CMD in RA and any association with clinical outcomes. The objective of this study 
was to compare the prevalence of CMD in RA to that in DM and to test the association with all-cause mortality.

Methods. We performed a retrospective cohort study using data from a registry of all patients undergoing stress 
myocardial perfusion positron emission tomography as part of routine clinical care from 2006 to 2017. The inclusion 
criterion was a normal perfusion scan. Patients with RA or DM were classified using previously published approaches. 
Coronary flow reserve (CFR) was calculated for all patients in the registry and linked with mortality data. CMD was 
defined as CFR <2.0.

Results. We studied 73 patients with RA and 441 patients with DM. Among patients with a normal perfusion scan, 
the prevalence of CMD in RA was similar to that in DM (P = 0.2). CMD was associated with increased risk for all-cause 
mortality in RA (hazard ratio 2.4 [95% confidence interval 1.4–4.2]) as well as increased risk for cardiac-related death 
at rates similar to those in DM.

Conclusion. These findings suggest an important role for CMD as a potential contributor to excess CV risk and 
mortality in RA, as previously observed in DM, as well as evidence for a mechanistic link between inflammation and 
cardiovascular disease.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory condition 
in which patients are at a 1.5-fold risk of cardiovascular (CV) risk 
compared to individuals in the general population of a similar age, 
sex, and traditional CV disease (CVD) risk factors (1,2). CV risk cal-
culators developed for use in the general population underestimate 
future CV risk in RA (3–6). This excess risk has been attributed to 
inflammation; however, the mechanisms linking inflammation to 
CV risk have not been elucidated. One potential mechanism may 
involve the proinflammatory state of RA on atherosclerosis and 
coronary vasomotor function, thereby increasing the risk of ath-
erothrombotic and ischemic complications (7,8). Indeed, previous 
studies observed a higher prevalence of coronary microvascu-
lar dysfunction (CMD) in patients with RA compared to non-RA 

patients present even in early RA (9). While atherosclerosis and 
coronary vasomotor dysfunction are hypothesized to play a role in 
the increased CV risk in RA (9,10), data linking CMD with clinical 
outcomes in RA are limited (11).

Coronary flow reserve (CFR) is used to detect CMD. Calcu-
lated as the ratio of peak hyperemic myocardial blood flow over 
that at rest, CFR is emerging as a powerful quantitative prognostic 
imaging marker of clinical CV risk (12,13). CFR can be accurately 
measured noninvasively by positron emission tomography (PET), 
and in the absence of obstructive coronary artery disease (CAD), 
it provides a robust and reproducible clinical measure of the inte-
grated hemodynamic effects of diffuse atherosclerosis and CMD 
on myocardial tissue perfusion across the entire coronary circula-
tion. A reduced CFR consistently identifies patients at increased 
risk of adverse cardiac events, including myocardial infarction (MI) 
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and death (14,15). For example, patients with diabetes mellitus 
with impaired CFR without overt obstructive CAD, here reflecting 
microvascular dysfunction, show a risk of cardiac death compa-
rable to, and possibly higher than, that for patients without diabe-
tes mellitus with known CAD (16,17). We designed this study to 
test the hypotheses that RA patients, considered a human model 
of inflammation, will have a similar burden of CMD compared to 
patients with DM, and that a reduced CFR reflecting CMD will be 
associated with higher risk of death.

PATIENTS AND METHODS

Study population. We performed a retrospective cohort 
study of all patients undergoing rest/stress cardiac PET assessing 
for obstructive CAD at Brigham and Women’s Hospital between 
January 1, 2006 and October 28, 2017; all patients were entered 
into a registry study, as previously described (17). Patients with 
known CAD, history of MI, coronary revascularization, heart trans-
plantation, or moderate or severe valvular disease were excluded, 
as were those with abnormal myocardial perfusion PET scans 
reflecting obstructive CAD. Patients with RA were identified using 
a validated algorithm for RA using electronic medical record data 
with a positive predictive value of 94% (18). Subjects classified by 
the algorithm as having RA were further chart reviewed to confirm 
that the RA diagnosis was present at the time of the cardiac PET 
scan. Information on DM was available through review of medi-
cal history and interviews performed on the day of the scan, as 
described previously (17).

PET imaging. The rest/stress cardiac PET was performed 
using a standard Discovery RX or STE LightSpeed 64 PET– 
computed tomography scanner (GE Healthcare). Details of 
the protocol are described in Gupta et al (12). Briefly, patients 

followed a standardized protocol, including abstaining from 
caffeine and methylxanthine-containing substances and drugs 
for 24 hours prior to the scan. Myocardial blood flow (MBF) at 
rest and at maximal hyperemia were measured with 82rubid-
ium (1,480–2,200 MBq) or 13N-ammonia (700–900 MBq) as 
the flow tracer. The stress agents used included dipyridamole, 
adenosine, regadenoson, or dobutamine; the choice of stress 
agent was selected based on the agent preferred by the lab-
oratory as well as patient comorbidities. The CFR was cal-
culated as the ratio of maximal MBF at peak hyperemia over 
that at rest for the left ventricle and corrected for differences in 
baseline heart rate–pressure product, as previously described 
(19). Measurements of CFR and MBF were not available in the 
clinical reports during the study period, and therefore did not 
impact clinical care.

Clinical data assessment. Information regarding both 
biologic and non-biologic disease-modifying antirheumatic drugs 
(DMARDs) to treat RA was obtained through medical record 
review. Data on diabetes mellitus treatments, other traditional CV 
risk factors such as hypertension and smoking history, as well 
as medications for primary and secondary prevention of CVD 
were obtained at the time of the study through patient interview 
and review of the medical history, as previously described (17).

Outcome data. The primary outcome was corrected global 
CFR, reflecting coronary vascular health of the entire left ventricle. 
MBF was quantified by 4 operators with an intraclass correlation 
of 0.94 (95% confidence interval [95% CI] 0.88–0.98) (17). Mor-
tality data were obtained through integrating data from the Part-
ners Healthcare Research Patient Data Repository (20), the Social 
Security Index, the National Death Index, death certificates, and 
telephone calls. Ascertainment of cause of death was performed 
using blinded adjudication of these same records (19).

Statistical analysis. Univariate analyses were performed 
to compare demographic information on the RA population 
compared to the DM population. The primary analysis was per-
formed comparing patients with RA compared to those with DM. 
If a patient had a concurrent diagnosis of RA and DM, they were 
included in the RA cohort for the primary analysis. The distribution 
of CFR was then compared between the 2 populations. Kaplan-
Meier survival curves were constructed to compare the rate of 
all-cause mortality in RA compared to DM and was further strati-
fied by CFR <2.0, a cutoff correlated with increased cardiac event 
rates (21–23). A CFR <2.0 in a patient with a normal perfusion 
scan is generally considered a sign of CMD.

Using Cox proportional hazards regression models, we 
tested the association between CFR and all-cause mortality 
adjusted by age, sex, RA or DM status, and traditional CV risk 
factors including hypertension, hyperlipidemia, and smoking sta-
tus (yes or no) at baseline (model 1). Baseline covariates were 

SIGNIFICANCE & INNOVATIONS
• Prior studies suggest that coronary microvascular 

dysfunction (CMD) is present even in early rheuma-
toid arthritis (RA); CMD is an independent predictor 
of cardiac mortality in the general population, par-
ticularly in patients with diabetes mellitus (DM).

• This study adds new data on the association be-
tween CMD and clinical outcomes in RA, demon-
strating an association with all-cause mortality and 
cardiac-related death in RA.

• We provide context for the mortality rates associ-
ated with CMD by comparing mortality in RA with 
a DM cohort; all-cause mortality in patients with RA 
and CMD was similar to that in DM and CMD.

• CMD is a potentially important risk factor for cardio-
vascular risk in RA that can be measured using clin-
ically available methods for cardiac stress testing.
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assessed in the 1-year period prior to the scan. A potential con-
founder for CFR, rest left ventricular ejection fraction obtained at 
the time of the scan was also included in model 1. Additionally, we 
constructed a second model (model 2) that included only covar-
iates that resulted in a hazard ratio (HR) change of >5% for the 
predictor, CFR with mortality, in a base model for age and sex. 
Finally, a third model (model 3) included covariates in model 1 with 
the addition of other potential confounders, including statins, ste-
roid use (prednisone equivalent 7.5 mg or higher), and body mass 
index (BMI). A sensitivity analysis was performed excluding sub-
jects with a concurrent diagnosis of RA and DM.

Subgroup analyses tested the association between CFR <2 
and CVD-related deaths only among patients who died during the 
study period. We first constructed a 2 × 2 table of CVD-adjudi-
cated death versus other causes of death and CFR <2 versus 

CFR ≥2. Differences between the groups were tested using the 
chi-square test. The association between CFR <2 and CVD- 
related deaths was further adjusted for age, sex, and RA/DM sta-
tus in a logistic regression model.

All analyses were performed with SAS, version 9.4. All 
aspects of this study were approved by the Partners Healthcare 
Institutional Review Board.

RESULTS

Over the study period, 73 subjects with RA and 441 subjects 
with DM met the inclusion or exclusion criteria (Table 1). The mean 
age of both was similar at 63 years. The proportion of women 
was higher in the RA group than in the DM group (73% versus 
56%, respectively). Patients with DM had a higher prevalence of 
hypertension and dyslipidemia. Eighteen percent of subjects had 
concurrent RA and DM.

The distribution of CFR was similar between patients with RA 
and DM, with no significant difference between the mean CFRs 
of the 2 groups (P = 0.17) (Figure 1). In both populations, over 
50% of subjects had a CFR <2, 54% of those with RA, and 64% 
of those with DM (Figure 1). Among RA patients, the distribution 
of CFR was similar when stratified by sex (P = 0.31) (Figure 2A). 
Similarly, among patients with DM, there was no difference in dis-
tribution between females and males (P = 0.73) (Figure 2B).

We observed a total of 88 deaths during a mean ± SD fol-
low-up period of 2.7 ± 2.3 years (n = 14 for RA, n = 74 for DM; 
cause of death was adjudicated in n = 12 with RA and n = 67 
with DM). Among patients with normal perfusion scans, there 
were no significant differences in survival in RA compared to 
DM (P = 0.41) (Figure 3A). However, significant differences were 

Table 1. Comparison of cardiovascular (CV) risk factors and 
coronary flow reserve (CFR) between subjects with rheumatoid 
arthritis (RA) and diabetes mellitus (DM) with a normal stress 
myocardial perfusion scan*

Clinical characteristics
RA 

(n = 73)
DM 

(n = 441) P
Age, mean ± SD years 63.3 ± 12.2 62.8 ± 11.7 0.72
Female 55 (75.3) 248 (56.2) 0.0021
Race

White 42 (57.5) 210 (47.6) 0.12
Black 20 (27.4) 108 (24.5) 0.60
Other 11 (15.1) 123 (27.9) 0.02

RA clinical factors
RF or anti-CCP positive 33 (64.7)† NA NA
MTX use 17 (23.3) 2 (0.4) NA
Other nonbiologic DMARD  

 use
14 (19.2) 23 (5.2) <0.0001

Biologic DMARD use 17 (23.3) 2 (0.4) NA
Prednisone >7.5 mg 14 (19.2) 24 (5.4) <0.001

DM clinical factors
HbA1c, mean ± SD % NA 7.5 ± 1.7‡ NA
Oral hypoglycemic agent 2 (2.7) 133 (30.2) <0.0001
Insulin 13 (17.8) 213 (48.3) <0.0001

CV risk factors
BMI, mean ± SD kg/m2 33.3 ± 9.0 34.7 ± 8.5 0.10
BMI ≥30 kg/m2 43 (58.9) 305 (69.3) 0.08
Hypertension 58 (79.5) 393 (89.1) 0.02
Dyslipidemia 43 (58.9) 337 (76.4) 0.002
Smoking 2 (2.7) 39 (8.8) 0.10
Statin 36 (50.0) 283 (64.0) 0.02

Imaging findings
Rest LVEF 61.6 (8.7) 57.4 (11.8) 0.008
Stress LVEF reserve >0 66.7 (9.5) 61.5 (12.6) 0.004
Stress MBF, ml/gm/minute 2.2 (0.8) 1.9 (0.8) 0.007
Rest MBF, ml/gm/minute 1.1 (0.4) 1.1 (0.4) 0.24
CFR 2.0 (0.7) 1.9 (0.7) 0.23

* Values are the number (%) unless indicated otherwise. Anti-CCP = 
antibodies against cyclic citrullinated peptide; BMI = body mass 
index; DMARD = disease-modifying antirheumatic drug; LVEF = left 
ventricular ejection fraction; MBF = myocardial blood flow; MTX = 
methotrexate; NA = not applicable; RF = rheumatoid factor. 
† Data were available for 51 patients via the electronic medical 
record. 
‡ Data were available for 284 patients via the electronic medical 
record. 

Figure 1. Distribution of coronary flow reserve (CFR) in rheumatoid 
arthritis (red) compared to diabetes mellitus (blue), categorized by 
deciles of CFR (normal CFR ≥2). The CFR ranges were as follows: 
decile 1: ≥0.6 to ≤1.2; decile 2: >1.2 to ≤1.7; decile 3 >1.7 to ≤2.2; 
decile 4: >2.2 to ≤2.8; decile 5: >2.8 to ≤3.3; decile 6: >3.3 to  
≤3.9; decile 7: >3.9 to ≤4.4; decile 8: >4.4 to ≤4.9; decile 9: >4.9 to 
≤5.5; decile 10: >5.5 to ≤6.0.
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observed when the cohort was stratified by CFR <2 or CFR ≥2. 
In each cohort, RA or DM, patients with evidence of CMD (CFR 
<2) had a higher mortality rate (P < 0.0001) (Figure 3B). Among 
patients with RA and those with DM, the increased risk of mor-
tality for a patient with normal perfusion but CFR <2 was similar.

In RA and DM, CFR <2 was associated with an increased 
risk for all-cause mortality (HR 2.4 [95% CI 1.4–4.2]) (Table 2), 
adjusting for age, sex, and CV risk factors. None of the mea-
sured covariates changed the HR between CFR and mortality 
by >5% when tested individually in a base model. Additionally, 
we observed no significant change in the association between 
CFR and mortality when the model was further adjusted for 
statins, BMI, and prednisone use at baseline (HR 2.33 [95% 
CI 1.36–3.98]). Results from the sensitivity analysis excluding 
patients with a concurrent diagnosis of RA and DM (n = 18), 
and adjusting for the same covariates in model 1, yielded a 
similar relationship between CFR <2 and mortality (HR 2.57 
[95% CI 1.48–4.47]).

Of the total deaths (n = 88), we observed 35 deaths related to 
cardiac causes; in RA, 6 (43%) deaths were due to cardiac causes, 
compared to 29 (40%) among patients with DM. Patients with CFR 
<2 were more likely to suffer from a CVD-related death (P = 0.04) 
(Table 3). This association remained after adjusting for age, female 
sex, and RA/DM status (odds ratio 3.9 [95% CI 1.1–18.4]).

DISCUSSION

Prior studies have observed a higher prevalence of CMD in 
RA compared to the prevalence in non-RA patients (9), suggesting 
that CMD may contribute to the excess CV risk observed in RA 
(2,24,25). However, there are limited data demonstrating associa-
tions between CMD with clinical outcomes in RA (11). To provide 
context, we directly compared the prevalence of CMD in RA to 
that in DM, a condition in which the impact on CVD and mortality 
is better understood. Patients with DM without a history of CVD 
have similar risk for a future MI as a patient with a prior MI (26); 
thus, DM is considered a CVD risk equivalent. In patients with DM, 

Figure 3. Survival curves for all-cause mortality in the overall 
rheumatoid arthritis (RA) cohort compared to the diabetes mellitus 
(DM) cohort (A), and in the RA cohort compared to the DM cohort 
(B), further stratified by coronary flow reserve (CFR) <2.0 (impaired) 
or ≥2 (normal) within each group. Color figure can be viewed in 
the online issue, which is available at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24108/abstract.

Figure 2. Distribution of coronary flow reserve (CFR) categorized 
into quintiles and stratified by female (blue) and male (red) in 
patients with rheumatoid arthritis (A) and diabetes mellitus (B) 
(normal CFR ≥2). The CFR ranges were as follows: quintile 1: ≥0.6 
to ≤1.7; quintile 2: >1.7 to ≤2.8; quintile 3: >2.8 to ≤3.8; quintile 4: 
>3.8 to ≤4.9; quintile 5: >4.9 to ≤6.0. Color figure can be viewed in 
the online issue, which is available at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24108/abstract.
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CMD is associated with increased cardiac mortality after adjusting 
for traditional CV risk factors as well as additional imaging param-
eters associated with increased poor cardiac outcomes, such as 
the extent of ischemia or scar (16,17). In the current study, we 
observed that the prevalence of CMD was similar in RA and DM 
among patients undergoing a cardiac stress test who had no evi-
dence of obstructive CAD. As well, we observed similarly poor 
outcomes for patients with CMD regardless of whether they had 
RA or DM.

Similar to findings from published studies in DM, all-
cause mortality was higher in patients with RA with evidence 
of CMD (CFR <2) compared to those who did not, despite no 
evidence of obstructive CAD. While we anticipated an elevated 
risk of mortality among RA patients with CMD, we did not antic-
ipate levels similar to DM. Despite the relatively small number of 
CVD-related deaths (n = 35), we observed that patients with CMD 
with either RA or DM were more likely to die from a CVD-related 
cause compared to all other causes, again recalling that these 
patients did not have obstructive CAD on imaging. These data 
highlight a potentially important role for more studies using CFR to 
improve identification of RA patients at increased CV risk.

Because RA can be considered a human model of inflam-
mation, this study provides data to support a potential mecha-
nistic link between inflammation and CMD. In RA, inflammation is 
considered the main driver of CMD (27–29). Higher levels of RA 
disease activity are associated with measurements of endothelial 
dysfunction, such as flow-mediated dilatation (30,31). Treatment 
of RA patients with anakinra, an interleukin-1 antagonist, was 
associated with improved flow-mediated dilation, as well as CFR, 
further supporting the hypothesis linking inflammation with CMD 

(32). Inflammation of the myocardium can also be detected on 
imaging, which may impact endothelial function of the microvas-
cular bed (28,33,34). Persistent or recurrent flares over time may 
therefore lead to endothelial dysfunction, resulting in CMD, which 
in turn can cause subclinical myocardial injury. This process may 
predispose patients to increased risk of MI and heart failure even 
in the absence of obstructive CAD (15,35). In patients with DM, 
the impaired vasomotor function is attributed to changes in the 
vascular endothelium due to hyperglycemia and insulin resistance, 
with some contributions from inflammation (36,37).

Consistent with the female predominance of RA, 75% of the 
RA cohort was female, compared to 56% in the DM cohort. This 
female predominance, however, was unlikely to have contributed 
to the equivalent prevalence of CMD in RA compared to DM. Prior 
studies have found that both groups are equally likely to have 
CMD in the preclinical stage of CAD (13,19). We observed no sig-
nificant difference in the distribution of CFR values among females 
and males in this study, corroborating prior data.

Limitations of this study include the use of observational 
data from a single large academic center. Detailed information on 
RA disease activity was not collected as part of routine medical 
care and thus was not available for analysis. RA disease duration 
was not available in all subjects, and therefore its potential effects 
were not examined in this study. However, information regarding 
treatments and timing of RA diagnoses was verified using medi-
cal record review. The study population comprised patients who 
underwent a cardiac stress test ordered as part of routine care. 
This allowed for similar selection criteria for subjects with RA and 
DM but cannot provide information for subjects not considered 
to be at risk for CAD. A few of the baseline clinical characteristics 
of RA and DM patients differed, and adjusting in models may not 
fully account for confounding. However, the data were reassuring 
because none of the potential covariates resulted in a change of 
>5% in HR between CFR and mortality.

While this is the largest study on CFR and clinical outcomes 
in RA, the subgroup analysis of patients with CVD-related deaths 
was relatively small and needs to be re-examined in future stud-
ies. Last, we observed 4 subjects in the DM cohort with a pre-
scription for methotrexate or a biologic DMARD. Those subjects 
had the following diagnoses on medical record review: inflamma-
tory myositis, psoriatic arthritis, idiopathic thrombocytopenia, and 
sarcoidosis. The impact of including subjects with other inflamma-
tory conditions in the DM cohort would more likely have resulted 
in patients with DM having more severe impairment of CFR than 
those with RA.

In conclusion, our study found that RA patients had a similar 
distribution of CMD compared to patients with DM, a condition 
in which CMD is considered an independent predictor for CVD 
and cardiac mortality. Among a population undergoing cardiac 
stress test as part of routine care with normal perfusion scans, 
CMD demonstrated by a reduced CFR was associated with an 
increased risk for all-cause mortality rate as well as CVD-related 

Table 2. Cox proportional hazards model for the association 
between coronary flow reserve (CFR) and all-cause mortality in 
rheumatoid arthritis (RA) and diabetes mellitus (DM)*

Clinical characteristics HR (95% CI)
Age 1.05 (1.03–1.07)
Female sex 0.71 (0.45–1.12)
RA versus DM 1.60 (0.87–2.93)
Hyperlipidemia 0.78 (0.48–1.28)
Hypertension 0.82 (0.39–1.73)
Smoking 2.23 (1.15–4.33)
LV ejection fraction 0.98 (0.96–0.99)
CFR <2 2.43 (1.40–4.22)

* 95% CI = 95% confidence interval; HR = hazard ratio; LV = left 
ventricular. 

Table 3. Cardiovascular disease (CVD)–related deaths stratified by 
coronary flow reserve (CFR) <2 among all deaths (n = 88)

CFR <2

TotalYes No
CVD-related death

Yes 32 3 35
No 39 14 53
Total 71 17 88
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death. These data suggest that CFR is a promising imaging bio-
marker to assist in improving CV risk stratification among patients 
with RA, in addition to its importance in DM. Our findings also 
support a mechanistic link between inflammation, CMD, and CV 
risk in RA. The data on CFR are obtained from clinically available 
stress myocardial perfusion PET scans, performed as part of clin-
ical care in several institutions. Thus, this approach can be easily 
translated into clinical practice. Studies are underway to deter-
mine whether CFR is modifiable by controlling inflammation in RA 
and to determine the potential overall impact on CV risk.
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Improved Pregnancy Outcome in Patients With 
Rheumatoid Arthritis Who Followed an Ideal Clinical 
Pathway
Alessandra Bortoluzzi,1  Laura Andreoli,2  Greta Carrara,3 Véronique Ramoni,4 Federica Rumi,3 
Melissa Padovan,1 Marcello Govoni,1 Angela Tincani,2 and Carlo Alberto Scirè,5  on behalf of the  
Record-Linkage on Rheumatic Diseases Study of the Italian Society for Rheumatology

Objective. To assess the effect of optimal management of pregnancy on a composite outcome of miscarriage and 
complicated birth among women with rheumatoid arthritis (RA).

Methods. Data were extracted from health care databases of the Lombardy Region, Italy (2004–2013) as a 
part of the Record-Linkage on Rheumatic Diseases Study. Analyses included women with RA identified through 
a copayment exemption code (International Classification of Diseases, Ninth Revision, Clinical Modification code 
714.0) and controls from the general population, ages 18–50 years. Seven health care quality indicators (HCQI) were 
constructed and summarized in 3 pathway indicators: diagnostic, therapeutic, and prenatal follow-up. Complicated 
birth or miscarriage were used to identify the adverse pregnancy outcome (APO). The relationship between HCQI and 
APO was analyzed using logistic models, and the results were presented as odds ratios (ORs) and 95% confidence 
intervals (95% CIs).

Results. Data from the study cohort included the first pregnancy observed in 443 patients with RA compared 
with 6,097 women belonging to the general population. In the RA population, patients who followed the 3 pathway 
indicators had a reduced risk of overall APO, with an OR of 0.60 (95% CI 0.39–0.94), and reduced risk of miscarriage/
perinatal death, with an OR of 0.40 (95% CI 0.24–0.69), compared to those who did not follow the pathway indicators. 
Compared with the general population, patients with RA who met all HCQI during pregnancy displayed a risk of APO 
with an OR of 0.92 (95% CI 0.61–1.38) and miscarriage/perinatal death with an OR of 0.77 (95% CI 0.47–1.29).

Conclusion. The adherence to an ideal clinical pathway of pregnancy management in women with RA restored 
the risk of APO to that expected for the general population.

INTRODUCTION

The management of pregnancy in women with rheumatoid 
arthritis (RA) has substantially changed in the past few decades, 
along with the milestones in RA treatment, such as biologic and 
targeted synthetic agents and treat-to-target strategies (1). With 
the improvement in the management of RA, patients with severe 
disease have been able to reach remission more frequently and 
live normal lives, including starting a family. As a consequence, 
the paradigm that “RA spontaneously improves during preg-
nancy” has been defied over the years because nearly half of 

pregnant patients with RA can have disease flares (2). There-
fore, it has become critical to provide a tool for risk stratification 
and to develop uniform management plans to improve favorable 
pregnancy outcomes among women with RA. Preconception 
counseling should include evaluation of maternal disease activ-
ity, modification of treatment, and assessment of general obstet-
ric risk factors as performed in routine obstetric care (3). Patients 
should be informed about specific wash-out periods for terato-
genic medications such as methotrexate (MTX) and leflunomide 
(LEF), and, conversely, about the fact that several antirheumatic 
drugs are appropriate for use during pregnancy and lactation (4).
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This approach to women of childbearing age with RA could 
be considered an “ideal” management pathway; however, in the 
literature, none of the data explored the impact of this pathway on 
pregnancy outcomes or guidelines specifically aimed at pregnancy 
management in RA. Whereas having a systematic approach to the 
issue of pregnancy in RA would be suitable, we have identified 
7 health care quality indicators (HCQI) grouped in diagnostic (A),  
therapeutic (B), and prenatal (C) follow-up pathways, partly adopted 
from recommendations developed in other rheumatic conditions 
(5). Evidence supports the fact that patients with RA with an active 
disease have significantly less chance for spontaneous improve-
ment during pregnancy and are at risk for an adverse pregnancy 
outcome (APO), making it appropriate to consider instrumental 
(e.g., musculoskeletal imaging) and laboratory assessments (e.g., 
C-reactive protein level) as part of preconceptional risk stratifi-
cation in patients with RA (6,7). In addition, in patients planning 
a pregnancy, expert opinion supports the usefulness of a more 
extensive laboratory assessment, including acknowledged poten-
tial risk factors for pregnancy complications, including anti-Ro/-La 
antibodies and antiphospholipid (aPL) antibodies (8).

Robust data on pregnancy outcomes are very desirable, 
especially when exploring the impact of different therapeutic 
approaches or clinical pathways. For this purpose, data from 
administrative health care databases (AHD) are useful due to their 
virtually complete coverage of the general population. This study 
aimed to evaluate the impact of adherence to the diagnostic (A), 
therapeutic (B), and prenatal (C) follow-up pathways indicators 
(the “ideal clinical pathway”) on pregnancy outcomes, compared 
with women in the general population and with women with RA 
who did not adhere, in an unselected population-based data set.

PATIENTS AND METHODS

Study design and setting. This was a retrospective obser-
vational study on the Record-Linkage On Rheumatic Diseases 
(RECORD) data set, including data from the AHD of the Lombardy 
region in Italy (>10,000,000 inhabitants). In detail, the design of 

the RECORD study includes a database population derived from 
115,684 records of potential individuals with RA and 462,736 indi-
viduals without RA matched by sex, age, and province of origin 
(4 non-RA cases for each case of potential RA). As elsewhere 
described, we developed and validated an algorithm that identified 
70,061 true cases of RA matched by sex and age with 280,244 
non-RA cases within the original population of 462,736 non-RA 
cases through copayment exemption code 006.714.0 and based 
on the code’s demonstrated high specificity (96.39%) and good 
sensitivity (77.08%) for RA (9). Access to data was granted by 
the General Directorate of Health for the purpose of the RECORD 
study, a project promoted by the Italian Society for Rheumatol-
ogy aiming to set up a national surveillance system to monitor the 
health burden of rheumatic diseases in Italy using AHD. The proto-
col was approved by the ethics committee of the Pavia University 
Hospital. Included data were retrieved between January 1, 2004 
and December 31, 2013.

Participants. From the RECORD data set, we extracted 
data on female patients with RA and female controls, ages 18–50 
years (9). Only data for the first pregnancy observed both in 
patients after the time of diagnosis of RA and in control cases were 
analy zed. Data included demographics (birthdate), redeemed 
prescriptions (Anatomic Therapeutic Chemical code, date of drug 
delivery, quantity), disease certification (code and date), outpa-
tient visits (code and date), and hospital discharge forms, includ-
ing information on the date of delivery or miscarriage. The time 
of conception has been approximated from the date of delivery 
or miscarriage. Exposure to glucocorticoids, aspirin, low molec-
ular weight heparin (LMWH), biologic synthetic disease-modifying 
antirheumatic drugs (bDMARDs), conventional synthetic DMARDs 
(csDMARDs) clustered in groups of not recommended (MTX and 
LEF) and appropriate (cyclosporine A, hydroxychloroquine [HCQ], 
sulphasalazine, and azathioprine). Concomitant comorbidities, 
including the Charlson comorbidity index, thyroid diseases, 
chronic kidney failure, pregestational diabetes mellitus, and hyper-
tension, were recorded as described elsewhere (10–14).

Variables. Seven HCQI were constructed based on fulfill-
ment of the following 7 criteria: 1) having at least 1 blood laboratory 
test (including erythrocyte sedimentation rate and/or C-reactive 
protein level) performed within 18 months before conceiving and 
the date of delivery or miscarriage); 2) preconception musculoskel-
etal imaging (including radiographs or ultrasound examinations of 
hands and feet performed within 18 months before conception 
and date of delivery or miscarriage); 3) prepregnancy aPL tests (at 
least 1 test performed within 18 months prior to conception, and 
the date of delivery or miscarriage); 4) antinuclear antibody (ANA) 
test and anti–extractable nuclear antigen (anti-ENA; anti-Ro/SSA) 
test (at least 1 test prescribed within 18 months prior to concep-
tion, and the date of delivery or miscarriage); 5) no exposure or 
wash-out from teratogenic drugs (MTX/LEF), indicated by the 

SIGNIFICANCE & INNOVATIONS
• Women with rheumatoid arthritis (RA) who followed 

an ideal pathway, i.e., stratification of preconcep-
tional obstetric risk, modulation of therapy, and pre-
natal rheumatologic follow-up had a reduced risk of 
complicated birth or miscarriage compared to wom-
en with RA who did not follow the ideal pathway.

• In RA, the optimal management of pregnancy  
restores the risk of adverse pregnancy outcome to 
that expected for the general population.

• This study proposed, for the first time, 7 health care 
quality indicators that need to be validated prospec-
tively in women with RA who wish to become pregnant.
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absence of redemption between 6 months before preconception 
and date of delivery or miscarriage; 6) no exposure to biologic 
drugs (no medical prescriptions for abatacept, tocilizumab, rituxi-
mab, anakinra, certolizumab, etanercept, infliximab, adalimumab, 
or golimumab) between the presumed date of conception and 
date of delivery or miscarriage (at the time the study was con-
ducted, targeted synthetic DMARDs were not available in Italy, 
and exposure to these drugs was not taken into account); 7) rheu-
matologic monitoring and follow-up via outpatient visits (at least 1 
outpatient visit at the rheumatology department for women with 
RA). The 7 indicators were summarized in 3 main pathway indi-
cators: (A) a diagnostic pathway composed of blood laboratory 
tests, musculoskeletal imaging, aPL antibodies tests, and ANA 
and anti-ENA tests); (B) a therapeutic pathway based on no expo-
sure or wash-out from MTX/LEF or no exposure to biologic drugs; 
and (C) a prenatal follow-up pathway consisting of at least 1 rheu-
matologic visit. The concomitant presence of all the 3 pathway 
indicators (A + B + C) defined the ideal clinical pathway.

Statistical methods. The pregnancy outcome was 
defined on the basis of the Disease-Related Groups (DRG, ver-
sion 24) criteria of complicated birth, pregnancy losses (miscar-
riage), or perinatal death, collectively defined as APO codes (370: 
cesarean section due to complications; 372: vaginal delivery with 

complications; 374 and 375: vaginal delivery with complications 
requiring surgical intervention; 378: ectopic pregnancy; 379: threat-
ened miscarriage; 380: spontaneous miscarriage; 381: sponta-
neous miscarriage requiring surgical intervention) and ICD-9-CM  
codes (V271–277: perinatal death) (15). Subanalysis on miscar-
riage and perinatal death (DRG 380–381, and V271, 273, 274, 
276, 277) was also performed. Conception date was estimated 
42 days before the date of miscarriage for DRG 378–379 and 380 
and 84 days before the date of miscarriage for DRG 381.

The relationship between HCQI and outcome variables was 
analyzed using crude logistic models and models adjusted for 
age, Charlson comorbidity index score, thyroid diseases, and 
hypertension when comparing patients with RA versus the general 
population, adjusting for age, Charlson comorbidity index score, 
and thyroid diseases comparing women with RA who followed 
the ideal pathway versus women who did not. The results are 
presented as ORs and 95% CIs. All the analyses were performed 
using R statistical software.

RESULTS

The study cohort included the first pregnancy observed 
in 443 patients with RA compared with 6,097 control women 
belonging to the general population. Table 1 summarizes 

Table 1. Characteristics and comparison of women with RA and general population and of patients with RA adherent or not to the ideal 
pathway analyzed at the time of first pregnancy*

RA
General 

population

P for 
RA vs. general 

population

RA,  
ideal 

pathway

RA,  
not ideal 
pathway

P for RA ideal 
vs. not ideal 

pathway
Pregnancies 443 (100) 6,097 (100) 1 141 (100) 302 (100) 1
Age at conception, median (IQR) years 34 (31–37) 34 (30–37) 0.846 34 (31–37) 34 (30–37) 0.092
Disease duration at conception, median 

(IQR) years
3.8 (1.8–6.2) NA – 3.8 (1.7–6.0) 3.9 (1.9–6.3) 0.715

Charlson comorbidity index, mean ± SD 1.1 ± 0.4 0.1 ± 0.4 <0.001 1.1 ± 0.6 1.0 ± 0.2 0.120
Charlson index adjusted, mean ± SD† 0.1 ± 0.4 0.1 ± 0.4 0.544 0.1 ± 0.6 0 ± 0.2 0.120
Specific comorbidities

Thyroid diseases 24 (5.4) 145 (2.4) <0.001 5 (3.5) 19 (6.3) 0.335
Hypertension 5 (1.1) 39 (0.6) 0.22 2 (1.4) 3 (1) 0.655
Chronic kidney failure 0 (0) 1 (0) 1 0 (0) 0 (0) 1
Prepregnancy diabetes mellitus 13 (2.9) 172 (2.8) 1 8 (5.7) 5 (1.7) 0.031

Treatment
Glucocorticoids 118 (26.6) 0 (0) – 57 (40.4) 61 (20.2) <0.001
Hydroxychloroquine 102 (23) 0 (0) – 58 (41.1) 44 (14.6) <0.001
Aspirin 20 (4.5) 0 (0) – 12 (8.5) 8 (2.6) 0.012
Low molecular weight heparin 20 (4.5) 0 (0) – 9 (6.4) 11 (3.6) 0.294
Allowed csDMARDs 48 (10.8) 0 (0) – 21 (14.9) 27 (8.9) 0.087
No treatment‡ 255 (57.6) 0 (0) – 56 (39.7) 199 (65.9) <0.001

Ideal pathway 141 (31.8) NA – – – –
Ideal diagnostic pathway 414 (93.5) NA – – – –
Ideal therapeutic pathway 403 (91) NA – – – –
Ideal prenatal follow-up pathway 172 (38.8) NA – – – –

Overall APO 157 (35.4) 1,809 (29.7) 0.012 – – –
Miscarriage/perinatal death 115 (26) 1,360 (22.3) 0.044 – – –

* Values are the number (%) unless indicated otherwise. APO = adverse pregnancy outcome; csDMARDs = conventional synthetic disease-
modifying antirheumatic drugs; IQR = interquartile range; NA = not applicable; RA = rheumatoid arthritis. 
† Charlson comorbidity index calculated excluding rheumatic disease. 
‡ No treatment among glucocorticoids, hydroxychloroquine, and allowed csDMARDs. 
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the demographic and therapeutic features of our cohort. 
The mean maternal age for all sampled mothers was 34 years 
(RA interquartile range 31–37 years, general population inter-
quartile range 30–37 years). Patients with RA had a significantly 
higher frequency of thyroid diseases, overall APO and miscar-
riage/perinatal death as compared to the general population. 
Patients with RA adherent to the ideal clinical pathway were sim-
ilar to nonadherent patients in sociodemographic and disease 
characteristics (Table 1). Overall, compared to women with RA 
who did not adhere to the ideal clinical pathway, patients with 
RA in the ideal pathway were more exposed to treatment (no 
treatment in 56 patients in the ideal pathway [39.7%] versus 199 
cases not in ideal pathway [65.9%]; P < 0.001), including glu-
cocorticoids (57 patients with RA [40.4%] in the ideal pathway 
versus 61 [20.2%] for those not in the ideal pathway) and HCQ 
(58 patients [41.1%] in the ideal pathway versus 44 [14.6%] not 
in the ideal pathway; P < 0.001) (Table 1).

Patients with RA who followed the ideal clinical pathway 
had a reduced risk of overall APO, with an adjusted OR 0.6 
(95% CI 0.39–0.94), and of miscarriage/perinatal death, with an 
adjusted OR 0.4 (95% CI 0.24–0.69), compared to women with 
RA who did not adhere (Table 2). Among the 3 pathways (A, B, 
C), the multi variate analysis identified the therapeutic pathway 
as the main factor associated with overall APO, with an adjusted 
OR 0.28 (95% CI 0.14–0.55), and with miscarriage/perinatal 
death, with an adjusted OR 0.22 (95% CI 0.11–0.46). Analyz-
ing the associations between individual HCQI and APO, in the 
diagnostic pathway, aPL tests had an adjusted OR 0.56 (95% 
CI 0.37–0.85), and ANA or anti-ENA tests had an adjusted OR 
0.64 (95% CI 0.42–0.96); in the therapeutic pathway no expo-
sure or washout of MTX/LEF had an adjusted OR 0.22 (95% 
CI 0.11–0.46) (Table 2). Only 2 patients had not withdrawn the 
ongoing treatment with bDMARDs, making a reliable estimation 
of OR for this item not feasible (Table 2).

Compared with the general population, patients with RA 
who met diagnostic, therapeutic, and prenatal follow-up pathway 
indicators had an adjusted OR 0.92 (95% CI 0.61–1.38) for risk 
of APO, and an adjusted OR 0.77 (95% CI 0.47–1.29) for mis-
carriage/perinatal death (Table 3). Additional sensitivity analysis 
performed excluding ectopic pregnancy, threatened miscarriage, 
and twin pregnancies (DRG D78, DRG 279, and V272, 273, 274, 
276, 277) had similar results (see Supplementary Tables 1–4, 
avail able on the Arthritis Care & Research website at http://onlin e 
libr ary.wiley.com/doi/10.1002/acr.24116/ abstract).

Further exploratory analyses evaluated the effect of common 
antirheumatic drugs used during pregnancy and preventative treat-
ments, such as aspirin and LMWH, on outcomes of interest in 
patients with RA compared to women with RA but without that treat-
ment. The crude risk ratio (RR) for APO in the glucocorticoid users 
was 1.40 (95% CI 1.09–1.81; P = 0.014), the RR for miscarriage 
and perinatal death in LMWH users was 0.20 (95% CI 0.03–1.33; 
P = 0.05), while the use of aspirin had no influence on APO, with an 
RR of 0.99 (95% CI 0.54–1.82; P = 1), and on miscarriage/perinatal 
death, with an RR of 0.46 (95% CI 0.12–1.67; P = 0.25). No differ-
ences were observed with other csDMARDs (data not shown).

Table 2. Odds ratios of overall APO, miscarriage, and perinatal death in patients with RA who followed health care quality 
indicators compared to women with RA who did not (reference)*

Clinical pathway indicator 
(no. patients adherent/not adherent)

Overall 
APO

Miscarriage/ 
perinatal death

Diagnostic pathway (414/29) 1.05 (0.46–2.38); 147/10† 0.84 (0.36–1.98); 106/9†
Blood chemistry tests (409/34) 0.99 (0.47–2.11); 145/12† 0.78 (0.36–1.70); 104/11†
Imaging (163/280) 1.09 (0.72–1.65); 60/97† 1.14 (0.72–1.81); 45/70†
Antiphospholipid antibody tests (188/255) 0.56 (0.37–0.85); 52/105† 0.34 (0.20–0.56); 27/88†
ANA or anti-ENA tests (263/180) 0.64 (0.42–0.96); 80/77† 0.43 (0.27–0.68); 48/68†

Therapeutic pathway (403/40) 0.28 (0.14–0.55); 132/25† 0.22 (0.11–0.46); 94/21†
No exposure or washout of MTX/LEF (405/38) 0.31 (0.15–0.62); 134/23† 0.22 (0.11–0.46); 94/21†
No exposure to biologic DMARDs (441/2) Not estimable; 155/2 Not estimable; 115/0

Prenatal follow-up pathway (172/271) 0.85 (0.56–1.28); 59/98† 0.65 (0.40–1.04); 37/78†
Rheumatologic visit (at least 1) (172/271) 0.85 (0.56–1.28); 59/98† 0.65 (0.40–1.04); 37/78†
Ideal pathway (141/302 ) 0.6 (0.39–0.94); 41/116 0.4 (0.24–0.69); 23/92

* Values are the adjusted odds ratio (95% confidence interval); number of patients adherent/not adherent. ANA = antinuclear
antibody; APO = adverse pregnancy outcome; DMARDs = disease-modifying antirheumatic drugs; ENA = extractable nuclear 
antigen; LEF = leflunomide; MTX = methotrexate; RA = rheumatoid arthritis. 
† Statistically significant. 

Table 3. Odds ratios of overall APO, miscarriage, and perinatal 
death in patients with RA who followed or did not follow the ideal 
pathway compared to the general population*

Overall APO
Miscarriage/

perinatal death
General population Ref. Ref.
Patients with RA in 

ideal pathway
0.92 (0.61–1.38) 0.77 (0.47–1.29)

Patients with RA not 
in ideal pathway

1.5 (1.13–2) 1.84 (1.33–2.55)

* Values are the adjusted odds ratio (95% confidence interval).
APO = adverse pregnancy outcome; RA = rheumatoid arthritis; Ref. 
= reference. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24116/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24116/abstract
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DISCUSSION

This study based on AHD data demonstrated that the 
optimal management of pregnancy defined as an “ideal clinical 
pathway” in women with RA was associated with a significantly  
reduced risk of APO, restoring the risk to that expected for the 
general population. Overall, we found an increased rate of APO 
and miscarriage/perinatal death in patients with RA as compared 
to the general population (APO = 157 cases in patients with RA ver-
sus 1,809 cases in the general population, P = 0.012; miscarriage/ 
perinatal death = 115 cases versus 1,360 cases in the general 
population, P = 0.044). Nearly one-third of pregnant patients (157 
cases, 35.4%) with RA experienced APO, and one-fourth (155 
cases, 26%) had a pregnancy loss or miscarriage/perinatal death. 
Our data agree with some previous studies conducted using AHD. 
Lin et al (7) demonstrated that compared to unaffected mothers, 
after adjusting for potential confounders, mothers with RA had 
ORs of 1.47 (95% CI 1.22–1.78), 1.20 (95% CI 1.05–1.38), 2.22 
(95% CI 1.59–3.11), and 1.19 (95% CI 1.07–1.31) to experience 
low birth weight, small for gestation age infants, preeclampsia, 
and cesarean sections, respectively. Similarly, a previous study 
reported that firstborn children of women diagnosed as having 
chronic inflammatory arthritis were often preterm and had higher 
perinatal mortality, with an OR of 3.26 (95% CI 1.04–10.24) (16).

We found that between the 3 main pathway indicators of the 
ideal clinical pathway (stratification of preconceptional obstetric 
risk, modulation of therapy, and prenatal rheumatologic follow-up), 
the ideal therapeutic pathway comprising no exposure or wash-
out from MTX/LEF and no exposure to biologic drugs conferred a 
significantly reduced odds of APO and miscarriage/perinatal death. 
If LEF and MTX are not recommended in women planning and dur-
ing pregnancy, and if this recommendation justifies the choice as 
HCQI, the item related to bDMARD discontinuation deserves an 
additional thought. We identified the HCQI “no exposure to biologic 
DMARDs” as a surrogate marker of maternal disease activity and 
not because of the assumption of teratogenicity/toxicity of these 
treatments. In our study, only 2 patients continued bDMARDs. In 
addition, in the period covered by the RECORD study (January 1, 
2004 to December 31, 2013), there were sparse data on bDMARD 
use in pregnancy, and the European League Against Rheumatism 
(EULAR) and the British Society for Rheumatology had not yet 
published guidelines for the prescription of pregnancy-compatible  
medications. The scant data on bDMARD exposure in pregnancy 
reflects the attitude at the time the study was conducted, but the 
scenario will likely change as the use of bDMARDs during preg-
nancy will consolidate (1).

The significant association between the ideal therapeutic 
pathway with the outcomes of the study suggests that the women 
who were not adherent were also not properly treated for their 
RA. The need for appropriate treatment  reinforces the importance 
of adjustment of therapy for RA before conception and through-
out pregnancy because medication use could affect pregnancy 

course, not only influencing maternal disease activity but also the 
gestational outcome. In our study, compared to patients with RA 
not adherent to the ideal pathway, adherent cases were signifi-
cantly more exposed to treatment, including HCQ and glucocor-
ticoids. The use of ste roids during pregnancy has been proved to 
be an independent risk factor for preterm delivery in women with 
RA when used at high doses (17,18).

Although the current study was conducted on administrative 
data, we can hypothesize that exposure to therapy represents 
a marker of high RA disease activity and severity. In our setting, 
possibly the more active the disease the greater the probability 
of being included in the ideal clinical pathway, which resulted in a 
lower OR of APO and miscarriage/perinatal death. If the diagnos-
tic and prenatal follow-up pathways appear to have a marginal 
effect in our study, nevertheless, there might also be a residual 
confounding, given that patients properly treated could have 
appropriate stratification of preconceptional obstetric risk and 
timely prenatal rheumatologic follow-up.

Analyzing individual HCQI in women with RA, we observed 
that, especially when screening for aPL antibodies, ANA and anti-
ENA were associated with a lower OR of APO and miscarriage/
perinatal death. Notably, aPL antibodies occur in patients with RA 
with an estimated prevalence up to 30%, more than expected 
in the general population, and the presence of significant and 
persistently positive titers increases the risk of APO, including 
unexplained spontaneous miscarriage, premature births, pre-
eclampsia, placental insufficiency with growth restriction, and pre-
maturity, all potential complications of pregnancy that have been 
described in RA (19). In this view, we have incorporated aPL tests 
as part of diagnostic HCQI and as advised by EULAR recommen-
dation for the prevention and management of aPL syndrome in 
adults (20). This study might suggest the value of searching for 
aPL antibodies in patients with RA wishing to become pregnant. 
In fact, despite the absence of formal recommendation or vali-
dated HCQI focused on stratification of preconceptional obstetric 
risk in patients with RA, we started from the basic and universally 
accepted assumption that aPL antibodies are pathogenic auto-
antibodies and therefore recognized risk factors for APO (20).

In addition, RA pregnancy may have an increased risk of 
APO; this risk, combined with the increased prevalence of aPL 
antibodies in RA itself, could have a synergistic effect between 
RA and aPL antibodies in the determinism of APO (21). RA 
and aPL antibodies could be 2 distinct factors that must be 
individually profiled, and the exclusion of one of them would 
imply a suboptimal risk stratification (5,20,21). This conclusion 
is undoubtedly speculative, supported only by expert opinion, 
but our study could be the first to give indirect evidence of the 
impact of diagnostic pathway indicators on APO that should be 
proposed and tested in the future.

To our knowledge, this study demonstrates for the first time that 
adherence to the ideal clinical pathway and especially the modulation 
of therapy, such as discontinuation of contraindicated medications 
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like MTX and LEF, is associated with a reduced risk of complicated 
birth or miscarriage in women with RA. These data were confirmed 
after adjusting for specific comorbidities that can interfere with 
gestational outcome, such as thyroid diseases, which are more 
prevalent and common in patients with RA compared to the gen-
eral population. The strength of our study lies in the advantage of 
providing population-based samples repre sentative of the target 
population, allowing generalizability of findings. This data source 
avoids potential referral bias reported from multidisciplinary preg-
nancy clinics, where cohorts of subsets of patients are offered inte-
grated management of pregnancy that could not be generalizable 
to the general rheumatic disease population (22).

We acknowledge that our study has limitations that are intrin-
sic in the administrative data. First, uncomplicated pregnancy 
losses that occurred before 15 weeks did not require hospitaliza-
tion and may not even be recognized (22). Furthermore, the first 
pregnancy during the period of data captured is not necessarily 
the first pregnancy for that particular woman because enrollment 
periods in health insurance do not cover the entire reproductive 
history. Our approach based on AHD did not provide variables 
including lifestyle (maternal socioeconomic status, smoking, alco-
hol, or body mass index), results of laboratory examinations, and 
variables on disease activity, although we considered the use of 
glucocorticoids as proxies of more active disease, as shown in 
previous works (9,10). In our study, only 2 patients were receiving 
bDMARDs during pregnancy; in fact, at the time the data were 
extracted, the common practice was to stop bDMARDs at pos-
itive pregnancy index (23). An additional limitation is the lack of 
data about the newborn (birth weight, length, and head circum-
ference, and neonatal adverse events). Ultimately, we could not 
account for all possible confounding factors, and some residual 
confounding intrinsic to observational studies may still modify the 
risk of APO estimation in our cohort.

The concept of preconception counseling and risk stratifi-
cation and multidisciplinary management during pregnancy has 
gained greater importance in the field of rheumatology, although to 
date, many women struggle to find adequate counseling on repro-
ductive issues to guide them on pregnancy planning, lactation, 
and early parenting in relation to their chronic condition (3,24). In 
conclusion, our findings suggest that adherence to an ideal clinical 
pathway should be strived for as much as possible to offer the best 
possible chances for a successful pregnancy to women with RA.
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Finger Joint Cartilage Evaluated by Semiquantitative 
Ultrasound Score in Patients With Rheumatoid Arthritis
Takehisa Ogura, Ayako Hirata, Norihide Hayashi, Chihiro Imaizumi, Hideki Ito, Sayaka Takenaka, 
Yuki Inoue, Yuto Takakura, Kennosuke Mizushina, Takaharu Katagiri, and Hideto Kameda

Objective. Joint destruction in rheumatoid arthritis (RA) includes both bone and cartilage lesions. Since joint 
space narrowing (JSN) is not a direct evaluation of cartilage using radiography, we aimed to examine the validity of 
ultrasound (US) cartilage evaluation using a semiquantitative method in patients with RA.

Methods. We enrolled 103 patients with RA who were in remission or showing low disease activity and 42 healthy 
subjects. The cartilage thickness of the bilateral metacarpophalangeal (MCP) and proximal interphalangeal (PIP) joints 
of the second to fifth fingers was measured by US, and the recorded images were scored semiquantitatively using a 
scale of 0–2. In addition, the JSN of the corresponding joints was scored using a hand radiograph. The relationships 
between total cartilage thickness, its semiquantitative score, and JSN score were assessed using Spearman’s rank 
correlation coefficients.

Results. Total cartilage thickness was significantly thinner in patients with RA compared to healthy subjects for 
both the MCP and PIP joints (both P < 0.001). The semiquantitative sum of 16 joints ranged from 2 to 26 (median 8) in 
patients with RA, which was significantly greater than the 0–11 (median 4) in healthy subjects (P < 0.001). In patients 
with RA, the semiquantitative score showed a significant negative correlation with cartilage thickness (ρ = −0.64, P < 
0.001) and a significant positive correlation with JSN score (ρ = 0.66, P < 0.001). Furthermore, these scores showed 
a significant correlation with RA disease duration.

Conclusion. A simplified and direct evaluation of finger joint cartilage damage by semiquantitative US score is 
valid and useful for patients with RA.

INTRODUCTION

Rheumatoid arthritis (RA) is a systemic autoimmune 
inflammatory disease that mainly affects the peripheral joints, 
resulting in irreversible and disabling damage to the bone and 
cartilaginous tissues. Radiographic examination has been the 
gold standard for evaluating joint destruction, and particularly 
bone erosion and joint space narrowing (JSN), which are impor-
tant indices of bone and cartilage destruction, respectively. 
Radiographic examination is based on the semiquantitative 

Sharp method and its modified score (1), and these are used 
widely as measures of joint destruction. Joint destruction leads 
to functional disability, in which JSN is more crucial than bone 
erosion (2).

JSN is an indirect means of evaluation of cartilage destruction 
because radiographs are transmitted through the cartilage. Joint 
subluxation, for example, is scored as 3 for JSN irrespective of the 
degree of cartilage damage. For that reason, magnetic resonance 
imaging and ultrasonography (US) may be used for the direct 
evaluation of cartilage. US-measured thickness of joint cartilage is 
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closely related to its actual anatomic thickness (3). However, the 
measurement of cartilage thickness for each joint is not feasible in 
clinical trials or daily clinical practice.

Semiquantitative methods such as those that measure bone 
erosion and JSN in radiograph examinations and gray-scale and 
power Doppler US evaluations have been widely accepted in clin-
ical trials and practice because their findings are known to corre-
late with quantitative evaluation of structural damage (radiograph 
and US gray scale) or severity of synovitis (US, especially power 
Doppler). Although the use of a semiquantitative method for US 
cartilage evaluation in RA has been proposed, its correlation with 
cartilage thickness and its clinical significance have not been 
clarified (4,5). Therefore, we examined the validity of US cartilage 
evaluation by performing a cross-sectional study of the use of a 
semiquantitative method in evaluating RA patients in remission or 
with low disease activity.

SUBJECTS AND METHODS

Patients and healthy subjects. Patients with RA who 
visited Toho University Ohashi Medical Center between Sep-
tember 2011 and July 2015 were considered for inclusion in this 
study. We enrolled patients who met all of the following criteria: 
1) those with a 2010 American College of Rheumatology (ACR)/
European League Against Rheumatism (EULAR) and/or 1987 
ACR classification for RA (6,7); 2) those with complete US exami-
nations of bilateral finger joint cartilage; 3) those with conventional 
radiographs of each hand and wrist in the standard posteroan-
terior projection within 3 months of the US examination; and 4) 
those in remission or with low disease activity defined by the 
Disease Activity Score in 28 joints using the C-reactive protein 
(CRP) level (DAS28-CRP) at the time of US evaluation (to avoid 
the significant influence of intense synovitis on the joint images 
and disability assessment). Healthy subjects were screened for 
history and clinical evidence of joint disease alone. No blood or 
radiographic tests were performed. Those with obvious osteo-
arthritis (OA) determined by clinical examination were excluded. 
The study protocol was approved by the Ethics Committee of 
the Toho University Ohashi Medical Center (project approval 

number H18016), and informed consent was obtained from all 
the participants.

Clinical assessments. We obtained the following medical 
information from medical records: age, sex, height, weight, dis-
ease duration from the onset of symptoms to US examination, 
patient global assessment of disease activity as measured by 
a 100-mm visual analog scale, results from the Health Assess-
ment Questionnaire disability index (HAQ DI), physician-based 
assessment of the presence of tenderness and swelling in 28 
joints, serum levels of CRP, rheumatoid factor, anti–cyclic citrulli-
nated peptide antibody and matrix metalloproteinase-3 (MMP-3),  
and treatment for RA. The JSN of US-examined joints was 
scored in a blinded manner using the modified Sharp/van der 
Heijde method with a hand radiograph obtained within 3 months 
of US examination.

US examination. A Xario (Canon Medical Systems) 
US machine equipped with a multifrequency linear array probe 
(7–14 MHz) was used (8,9). The US examination was performed 
according to EULAR guidelines for musculoskeletal US in rheu-
matology (10,11) by 1 of 3 rheumatologists (TO, AH, or NH). All 
rheumatologists were board certified as ultrasonographers by the 
Japan College of Rheumatology, and they were blinded to patients’ 
radiograph findings. Bilateral second to fifth metacarpophalangeal 
(MCP) and second to fifth proximal interphalangeal (PIP) joints 
were examined. The cartilage layers of the metacarpal heads and 
proximal phalangeal heads at the MCP and PIP joints were visu-
alized from a longitudinal dorsal view at their midportions, with the 
joints placed in ~90 degrees flexion (12). The probe was placed 
such that the US beam was orthogonal to the cartilage. Static US 
images of all joints were saved as Digital Imaging and Communica-
tion in Medicine (DICOM) images. Cartilage thickness was meas-
ured using OsiriX software (Pixmeo) with an Apple OS X operating 
system by calculating the pixel counts on DICOM images. 

Cartilage thickness was measured from the base of the car-
tilage to the interface artefact at the cartilage surface (outer mar-
gins). The outer margins were determined by creating a linear 
region of interest orthogonal to the cartilage, with reference to 
the plot graph of distance and brightness shown in 8-bit gray 
scale (256 gradations from 0 to 255). Since the evaluation was of 
a semiquantitative method, the cartilage measurement was not 
corrected for the increased speed of sound within it. Furthermore, 
one US examiner (TO) who was blinded to other medical infor-
mation performed the semiquantitative scoring of the recorded 
cartilage images using a scale of 0–2 (0 = normal, 1 = minimal, 
and 2 = severe) (5) (see Supplementary Figure 1, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24101/ abstract).

Intraobserver reliability of the semiquantitative scoring was 
examined (by TO) using the recorded US findings of 14 randomly 
selected patients (total of 224 joints) at an interval of >6 months. 

SIGNIFICANCE & INNOVATIONS
• In patients with rheumatoid arthritis (RA), the semi-

quantitative ultrasound (US) score showed a signif-
icant negative correlation with cartilage thickness 
and a significant positive correlation with joint space 
narrowing score, and all of those scores showed a 
significant correlation with RA disease duration.

• This is the first study demonstrating that a simpli-
fied and direct evaluation of finger joint cartilage 
damage by semiquantitative US score is valid and 
useful for patients with RA.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24101/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24101/abstract
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Interobserver reliability between 2 sonographers (TO and AH) 
and 1 rheumatologist (CI) who did not perform US was evaluated 
with the same set of images from 14 randomly selected patients.

Statistical analysis. Statistical analysis was performed 
using EZR software, version 1.37 (Saitama Medical Center, Jichi 
Medical University), which is a graphical user interface for R, ver-
sion 3.4.1 (R Foundation). Continuous variables were summarized 
using medians and interquartile ranges and analyzed using the 
Mann-Whitney U test, while binominal data from the 2 groups were 
examined with Fisher’s exact test. The relationships among the 

continuous variables were assessed using Spearman’s rank cor-
relation coefficient. Relationships between patient characteristics 
and each method were adjusted for multiple comparisons using an 
adaptive Benjamini-Hochberg procedure to control for false discov-
ery rates. Intraobserver and interobserver reliability was determined 
using Krippendorff’s α coefficient with bootstrap samples. The Krip-
pendorff’s α coefficient was calculated using the KALPHA macro in 
SPSS, version 22.0 and was interpreted as follows: <0.0 = poor; 
0–0.20 = slight; 0.21–0.40 = fair; 0.41–0.60 = moderate; 0.61–
0.80 = substantial; and 0.81–1.0 = almost perfect agreement. 
P values less than 0.05 were considered significant.

Table 1. Demographic and clinical features and the ultrasound-measured joint cartilage thickness and 
semiquantitative score*

Patients with RA 
(n = 103)

Healthy subjects 
(n = 42) P

Female sex 79 (77) 36 (86) 0.265
Age, median (IQR) years 65 (53–73) 63 (45–70) 0.065
Disease duration, median (IQR) years 5.8 (2.8–11.0) – –
Height, median (IQR) cm 158 (153–165) 158 (154–162) 0.526
Weight, median (IQR) kg 53 (47–60) 54 (49–60) 0.535
BMI, median (IQR) 21.0 (19.2–23.2) 21.9 (19.7–23.6) 0.221
DAS28-CRP, median (IQR) 1.71 (1.35–2.23) – –
HAQ DI score, median (IQR) 0.1 (0.0–0.4)† – –
JSN score, median (IQR) 11 (7–17) – –
Subluxation on radiograph 26 (25) – –
CRP, median (IQR) mg/dl 0.05 (0.02–0.14) – –
RF positive‡ 79 (77) – –
Anti-CCP positive‡ 88 (86) – –
MMP-3 high§ 28 (27) – –
Treatments

Glucocorticoids 11 (11) – –
PSL equivalent dosage, median (IQR) mg/day¶ 3 (2–5) – –
MTX 68 (66) – –
MTX dosage, median (IQR) mg/week¶ 10 (7–12.5) – –
bDMARDs 28 (27) – –

Cartilage thickness, median (IQR) mm
MCP# 0.5 (0.0–1.0) 0.6 (0.3–1.2) <0.001
PIP# 0.3 (0.0–0.6) 0.4 (0.2–0.8) <0.001
Total** 6.9 (4.0–9.4) 7.5 (5.9–9.2) 0.001

Total semiquantitative score, median (IQR) 8 (2–16) 4 (0–11) <0.001
MCP semiquantitative

Grade 0 406 (49) 232 (69)
Grade 1 347 (42) 103 (31) <0.001
Grade 2 71 (9) 1 (0)

PIP semiquantitative
Grade 0 494 (60) 239 (71)
Grade 1 287 (35) 97 (29) <0.001
Grade 2 43 (5) 0 (0)

* Values are the number (%) unless indicated otherwise. A Fisher’s exact test or Mann-Whitney U test was
used for group comparisons. Anti-CCP = anti–cyclic citrullinated peptide; bDMARDs = biologic disease-
modifying antirheumatic drugs; BMI = body mass index; DAS28-CRP = Disease Activity Score in 28 joints 
using the C-reactive protein (CRP) level; HAQ DI = Health Assessment Questionnaire disability index; IQR 
= interquartile range; IU = international units; JSN = joint space narrowing; MCP = metacarpophalangeal 
joint; MMP-3 = matrix metalloproteinase-3; MTX = methotrexate; PIP = proximal interphalangeal joint; 
PSL = prednisolone; RA = rheumatoid arthritis; RF = rheumatoid factor. 
† HAQ DI data were not obtained from 2 patients with RA (n = 101). 
‡ RF positive: >15 IU/ml; anti-CCP positive: ≥4.5 U/ml. Data on RF and anti-CCP were not obtained from 1 
patient with RA (n = 102). 
§ MMP-3 positive: female >59.7 ng/ml; male >121.0 ng/ml. 
¶ Dose among patients receiving PSL and MTX (excluding nonusers). 
# The number of joints was 824 for patients with RA and 336 for healthy subjects. 
** Sum of 16 joints. 
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RESULTS

Patient characteristics. A total of 103 patients with RA 
and 42 healthy subjects were enrolled in this study. Demographic, 
clinical, and laboratory characteristics are shown in Table 1. There 
was no significant difference between patients with RA and healthy 
subjects with regard to sex, age, height, and weight. The median 
DAS28-CRP score in patients with RA was 1.71. The majority 
(77.7%) of the patients were in remission (DAS28-CRP score 
<2.3), and the remaining 23 patients had low disease activity.

Measurement of cartilage thickness. A total of 
2,320 joints were evaluated, with 1,160 MCP joints and 1,160 
PIP joints evaluated. The measurement of cartilage thickness 
by US in single MCP joints varied between 0.0 and 1.0 mm 
(median 0.5 mm) in patients with RA and between 0.3 and 
1.2 mm (median 0.6 mm) in healthy subjects (Table 1). The 
cartilage thickness in single PIP joints varied between 0.0 and 
0.6 mm (median 0.3 mm) in patients with RA and between 0.2 
and 0.8 mm (median 0.4 mm) in healthy subjects. The sum of 
16 joints ranged from 4.0 to 9.4 mm (median 6.9 mm) in RA 
patients and 5.9 to 9.2 mm (median 7.5 mm) in healthy subjects 
(data not shown in Table 1). As a result, cartilage thickness in RA 

patients was significantly thinner than that in healthy subjects 
(P < 0.001 for MCP; P < 0.001 for PIP, and P = 0.001 for sum 
of 16 joints).

Semiquantitative US finger cartilage score. In con-
trast, semiquantitative US scores in single MCP joints varied 
between 0 and 2 (median 1) in RA patients and between 0 and 2 
(median 0) in healthy subjects. Semiquantitative scores in single 
PIP joints varied between 0 and 2 (median 0) in RA patients and 
between 0 and 1 (median 0) in healthy subjects. The sum of 16 
joints ranged from 2 to 26 (median 8) in RA patients and 0 to 
11 (median 4) in healthy subjects. Semiquantitative scores in RA 
patients were significantly higher than those in healthy subjects 
(P < 0.001 for sum of 16 joints).

With regard to MCP joints in patients with RA and healthy 
subjects, the rates of grade 0, grade 1, and grade 2 scores 
were 49% versus 69%, 42% versus 31%, and 9% versus 0.3%, 
respectively. With regard to PIP joints in patients with RA and 
healthy subjects, the rates of grade 0, grade 1, and grade 2 
scores were 60% versus 71%, 35% versus 29%, and 5% ver-
sus 0%, respectively. Thus, patients with RA showed significantly 
higher scores compared to healthy subjects with regard to finger 
joints.

Figure 1. Relationship between semiquantitative score, cartilage thickness, and joint space narrowing (JSN) score. The correlation was assessed 
using Spearman’s rank correlation coefficient (rho). A, Relationship between total semiquantitative score and measurement of cartilage thickness 
in healthy subjects. B, Relationship between total semiquantitative score and measurement of cartilage thickness in patients with rheumatoid 
arthritis (RA). C, Relationship between total semiquantitative score and JSN score in patients with RA. D, Relationship between measurement of 
cartilage thickness and JSN score in patients with RA. Dots represent the scores of each patient; lines indicate least-squares regression lines.
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Relationship between the 3 methods. We compared 
the total semiquantitative scores with total measurement of 
cartilage thickness and total JSN score for the 16 joints evalu-
ated. In healthy subjects, semiquantitative scores failed to show 
a significant correlation (ρ = −0.28, P = 0.076) with cartilage 
thickness (Figure 1A). On the other hand, in patients with RA, 
semiquantitative scores showed a significant negative corre-
lation with cartilage thickness (ρ = −0.64, P < 0.001), as well 
as a significant positive correlation with JSN scores (ρ = 0.66, 
P < 0.001) (Figures 1B and C). The correlation between carti-
lage thickness and JSN score was also significant (ρ = –0.57, 
P < 0.001) (Figure 1D). Furthermore, comparable correlations 
among measurements were observed in separate analyses for 
MCP and PIP joints (see Supplementary Table 1, available on 
the Arthritis Care & Research website at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.24101/ abstract).

In addition, in patients with RA, the correlation between the 
MCP and PIP joints was significant for all 3 methods (semiquan-
titative score ρ = 0.40, P < 0.001; cartilage thickness ρ = 0.35, 
P < 0.001; and JSN score ρ = 0.48, P < 0.001). In healthy sub-
jects, the correlation between the MCP and PIP joints was signifi-
cant for US methods (semiquantitative score ρ = 0.45, P = 0.003, 
and cartilage thickness ρ = 0.32, P = 0.042).

Relationship between patient characteristics and 
scores. Finally, we examined the relationship between patient 
characteristics and semiquantitative scores, cartilage thickness, 
and JSN scores. These scores showed a significant correlation 
with disease duration (Table 2). Interestingly, a significant correla-
tion between all 3 scores was observed for MCP joints but not for 
PIP joints. Furthermore, we compared the sum of the semiquan-
titative scores, cartilage thickness, and JSN scores in patients 
who were positive and negative for specific laboratory tests and 
treatments, and we did not observe any significant associations 
(see Supplementary Table 2, available on the Arthritis Care & 
Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24101/ abstract). In addition, in healthy subjects, semiquan-
titative score but not cartilage thickness was significantly corre-
lated with age (ρ = 0.50, P = 0.005, and ρ = –0.25, P = 0.252, 
respectively).

Intraobserver and interobserver reliability. Intra-
observer reliability for grading of semiquantitative scores using 
static images was almost perfect (coefficient 0.81 [95% confi-
dence interval (95% CI) 0.71–0.89]), and interobserver reliability 
was moderately reliable (coefficient 0.60 [95% CI 0.48–0.72]).

DISCUSSION

The current study is the first to evaluate cartilage using 
an US semiquantitative method and to compare this method 
to measurements of cartilage thickness and radiographic 

JSN scores in patients with RA. The semiquantitative method 
demonstrated a favorable correlation with both cartilage thick-
ness and JSN, and all the above methods showed a correlation 
with RA disease duration except for PIP joints. However, there 
was no significant correlation between the semiquantitative 
score and cartilage thickness in healthy subjects (P = 0.076), 
possibly owing to the limited individual differences in cartilage 
thickness as well as the relatively smaller sample size of healthy 
subjects (Figure 1A).

In clinical practice, cartilage evaluation for RA with use of US 
has been limited to measurement of cartilage thickness. Cartilage 
thickness evaluated using US and JSN scores indicated a good 
correlation (correlation coefficient –0.64), as previously reported 
(3,13). However, the measurement of cartilage thickness is time 
consuming and complicated, so it is not feasible in daily practice 
or in clinical trials. On the other hand, semiquantitative cartilage 
evaluation using US is a noninvasive method that can be applied 
and repeated in most patients.

For semiquantitative evaluation of RA finger joint cartilage, the 
5-grade evaluation (grades 0–4) reported by Filippucci et al (4) 
and the 3-grade evaluation (grades 0–2) reported by the EULAR- 
Outcome Measures in Rheumatology (OMERACT) group (5) are 
currently available. In the current study, we used the 3-grade eval-
uation advocated by the EULAR-OMERACT group because of its 
favorable feasibility. Furthermore, EULAR-OMERACT semiquanti-
tative evaluation has shown a substantial or moderate correlation 
with thickness measurements and JSN scores. Since a correla-
tion was observed with disease duration, a longitudinal follow-up 
of the progression of cartilage damage using semiquantitative 
evaluation methods shows promise.

The differences between MCP and PIP joints were shared 
among the evaluation methods. The correlation between cartilage 
damage and disease duration found for MCP joints, but not PIP 
joints, can be partly explained by technical difficulties and the influ-
ence of OA comorbidity in PIP joints.

This study had several limitations. First, as this was a 
cross-sectional study, we could not evaluate particular relation-
ships, such as the relationship between laboratory findings and 
treatments. In particular, previous studies have reported a relation-
ship between high MMP-3 titers and JSN progression because 
MMP-3 breaks down macromolecules in the extracellular matrix of 
cartilage (14). However, owing to the cross-sectional design of our 
study, we could not demonstrate a similar association between 
high MMP-3 levels, cartilage thickness, and JSN score. Second, 
although the relationship between the US grading of cartilage and 
histologic grading has also been shown in previous studies with 
OA and RA patients (15,16), the relationship between pathologic 
changes and semiquantitative US scores has not been clarified. 
Third, a lack of sharpness of the cartilage margin on US has been 
seen with the degeneration of cartilage, even in patients with early 
OA (17). Therefore, the influence of OA on the US semiquantitative 
score should be further examined.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24101/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24101/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24101/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24101/abstract
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Despite the above limitations, US evaluation of joint cartilage 
seems to be highly sensitive because 30% of evaluated joints of 
healthy subjects were graded as score 1. In conclusion, a simpli-
fied and direct evaluation of finger joint cartilage damage by semi-
quantitative US score is valid and useful in patients with RA.
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Family History of Rheumatic, Autoimmune, and 
Nonautoimmune Diseases and Risk of Rheumatoid 
Arthritis
Vanessa L. Kronzer,1  Cynthia S. Crowson,1  Jeffrey A. Sparks,2  Elena Myasoedova,1  and 
John Davis III1

Objective. Since comorbidities such as autoimmune diseases may be associated with rheumatoid arthritis (RA) 
risk, we hypothesized that a family history of these other conditions might also predict RA. Therefore, we aimed to 
determine the association between family history of 79 comorbidities and RA.

Methods. This case–control study identified 821 cases of RA in the Mayo Clinic Biobank (positive predictive value 
95%) and matched 3 controls to each case based on age, sex, recruitment year, and location. Patients self reported 
family history and characteristics (adjusted). Logistic regression was used to estimate odds ratios (ORs) and 95% 
confidence intervals (95% CIs) for RA risk according to the presence of family history for each comorbidity, adjusted 
for body mass index, race, and smoking.

Results. Family history of several conditions was associated with developing RA, including rheumatic autoimmune 
diseases (ORadj 1.89 [95% CI 1.41–2.52]), pulmonary fibrosis (ORadj 2.12 [95% CI 1.16–3.80]), inflammatory bowel 
disease (ORadj 1.45 [95% CI 1.05–1.98]), hyper/hypothyroidism (ORadj 1.34 [95% CI 1.10–1.63]), and obstructive sleep 
apnea (ORadj 1.28 [95% CI 1.05–1.55]). Parkinson’s disease and type 2 diabetes mellitus were associated with a 
statistically decreased risk of RA that did not reach the prespecified significance threshold of P < 0.01 (ORadj 0.70 
[95% CI 0.49–0.98] and ORadj 0.81 [95% CI 0.67–0.97], respectively). Analyses among 143 cases of incident RA were 
similar and also suggested an association with a family history of autism (OR 10.5 [95% CI 2.51–71.3]).

Conclusion. Family history of several autoimmune and nonautoimmune comorbidities was associated with 
increased risk of RA, providing an opportunity to identify novel populations at risk for RA.

INTRODUCTION

Family history of rheumatoid arthritis (RA) is known to be 
an important predictor of RA (1–9), even after accounting for 
genetic and environmental factors (10,11). Supporting these 
findings, studies have shown that the heritability of RA is esti-
mated to be 50–60% (6,12). Further, first-degree relatives of RA 
patients have an increased likelihood of having inflammatory joint 
signs (13), reactivity to multiple anti–cyclic citrullinated protein/
peptide antibodies (14), and levels of multiple cytokines com-
pared to those from a nonimmune background (15). Identifying 
individuals at higher risk for RA is important because they are 
candidates for predictive testing (16,17) and education interven-
tions (18,19).

Family history of other comorbidities might also predispose to 
RA due to overlapping heritability or disease mechanisms, helping 
to identify those individuals at higher risk for RA. For example, 
1 study suggested that family history of other rheumatic autoim-
mune diseases like systemic lupus erythematosus and connective 
tissue disease predicted RA (20). Other studies have shown an 
association not only between family history of rheumatic auto-
immune diseases and RA, but even between other autoimmune 
diseases such as type 1 diabetes mellitus, thyroid disease, inflam-
matory bowel disease (IBD), and multiple sclerosis (6,21,22). 
However, these studies did not adjust for potential confounders 
such as smoking. Whether family history of other comorbidities, 
including nonautoimmune comorbidities, increases the risk of 
RA is unknown. Investigating this question may prove valuable, 
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because several nonautoimmune conditions have been associ-
ated with RA (23–26).

To address these gaps, we performed a study leveraging 
the Mayo Clinic Biobank (27). Our aims were two-fold. First, we 
aimed to determine the association between family history of 
autoimmune diseases and RA. Second, we aimed to define the 
association between family history of nonautoimmune diseases 
and RA. We hypothesized that family history of immune-mediated 
conditions such as autoimmune diseases and cancers would pre-
dispose a person to developing RA.

SUBJECTS AND METHODS

Study design and subjects. This case–control study used 
the Mayo Clinic Biobank’s 55,898 participants, recruited from 
2009 to the present, with their self-reported questionnaire data 
(27). Participants were recruited mainly from primary care loca-
tions and filled out the questionnaire at the time of enrollment, 
either at home or in the clinic. The questionnaire asked partici-
pants to report general health, personal and family medical history, 
health behaviors, and environmental exposures (see Supplemen-
tary Appendices A, B, and C, available on the Arthritis Care & 
Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24115/ abstract). All questionnaires were manually and elec-
tronically examined for errors, omissions, and skip patterns and 
returned to participants for correction if there were >10 errors. 
Additional details regarding these participants and the question-
naires have been described elsewhere (28).

This study received approval from the Mayo Clinic and Olm-
sted County Institutional Review Boards and complies with the 
Declaration of Helsinki. All participants provided written informed 
consent. This article also follows the Strengthening the Reporting 
of Observational studies in Epidemiology reporting guidelines for 
observational studies (29).

RA cases. We identified 821 RA cases using a  rules- 
based algorithm combining 2 occurrences of RA diagnosis 
International Classification of Diseases, Ninth Revision, codes 
(714.0 or 714.9) at least 30 days apart with use of a disease- 
modifying antirheumatic drug (DMARD) (30). DMARD data became 

available in the electronic health record (EHR) in 1999. As previ-
ously published, this definition had a positive predictive value of 
95% for RA by American College of Rheumatology/European 
League Against Rheumatism 2010 criteria (28,31). Of the identi-
fied cases of RA, 143 (17%) had no RA self-report on the baseline 
or follow-up questionnaire but met the criteria for RA based on 2 
diagnosis codes and a DMARD at least 90 days after the most 
recent questionnaire (defined as “incident RA”). Seropositive RA 
was defined as positivity for either rheumatoid factor or anti–cyclic 
citrullinated peptide antibodies. These antibody data became avail-
able in the EHR in 1987.

Controls. Eligible controls were participants without self- 
reported RA or diagnosis codes for RA in the EHR as of Feb-
ruary 28, 2018. We matched each RA case to 3 controls at the 
index date of the baseline questionnaire. Matching factors as of 
the index date were age (within 5 years), sex, year (within 5 years), 
recruitment location (Minnesota or Florida), and distance from the 
recruitment location (within 500 miles).

Family history of comorbidities. Family history for 79 
comorbidities was self-reported on the Biobank’s baseline ques-
tionnaire. As worded on the questionnaire, these comorbidities 
included RA; autoimmune diseases such as rheumatic autoim-
mune disorder, Crohn’s disease or ulcerative colitis, celiac disease, 
and hyperthyroidism/hypothyroidism; 22 types of cancer, includ-
ing thyroid, lung, breast, esophageal, pancreatic, stomach, colon 
or rectal, liver, uterine/endometrial, cervical, ovarian, prostate, 
 testicular, bone, kidney, urinary/bladder, melanoma, nonmelanoma 
skin cancer, sarcoma, leukemia, lymphoma, and other cancer; and 
 nonautoimmune diseases such as osteoarthritis (OA) and obstruc-
tive sleep apnea (OSA), among others (see Supplementary Table 1, 
available on the Arthritis Care & Research website at http://onlin 
elibr ary.wiley.com/doi/10.1002/acr.24115/ abstract, for a complete 
list of all comorbidities). Of note, the “rheumatologic autoimmune 
disorder” comorbidity prompted participants with the examples of 
systemic lupus erythematosus and scleroderma.

Family history came from the question, “Do or did any of your 
first-degree relatives (parents, sisters, brothers, children) have this 
condition?” Participants responded “yes,” “no,” or “don’t know” 
for each comorbidity. For the primary analysis, responses of “don’t 
know” were assumed not to have a family member with that par-
ticular comorbidity and were coded as “no.” The proportion miss-
ing each family history item ranged from 7% to 13%.

Covariates. Potential confounding variables in this study 
included age, sex, body mass index (BMI; continuous), race (non- 
Hispanic white versus all others), education (bachelor’s degree or 
higher versus all others), and smoking status (ever versus never). 
Race, education, and smoking were self-reported on the ques-
tionnaire. EHR data provided sex, age, and BMI at the index date 
of the baseline questionnaire, along with missing smoking status 

SIGNIFICANCE & INNOVATIONS
• After adjusting for potential confounders, family

history of rheumatic autoimmune diseases was as-
sociated with twice the odds of developing rheuma-
toid arthritis (RA).

• Family history of other autoimmune conditions, such
as thyroid disease and inflammatory bowel disease, 
was also associated with an elevated risk of RA.

• These findings can help identify novel populations
at risk for RA, improve RA risk prediction tools, and 
uncover RA pathogenesis.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24115/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24115/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24115/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24115/abstract
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within 1 year of the index date. Family characteristics such as 
adoption status, parental age of death, and number of siblings 
and children were self-reported on the questionnaire.

Statistical analysis. Chi-square tests compared proportions 
between RA cases and controls, while Wilcoxon’s rank sum tests 
compared continuous variables. Unadjusted odds ratios (ORs) for 
RA case status were calculated for all family history items. Uncon-
ditional logistic regression models were used to obtain adjusted 
ORs with 95% confidence intervals (95% CIs) for comorbidities 
with 2-sided P less than 0.05 in unadjusted comparisons. Adjustors 
included age, sex, BMI, race, education, and smoking. The expo-
sure variable was family history of each comorbidity in a first-degree 
relative (present versus absent), and the outcome variable was RA 
case status. We also tested each model for an interaction between 
family history and educational level, since RA is associated with 
lower education level. To account for the multiple comparisons in 
this study without the overcorrection associated with methods such 
as the Bonferroni adjustment (32), we preselected a final significance 
threshold of 2-sided P less than 0.01 before beginning the analysis.

Any possibly significant associations (unadjusted P less than 
0.05) were also investigated in 4 sensitivity analyses. The first cal-
culated associations among the 143 incident RA cases and their 
corresponding controls to minimize RA-associated recall bias. 
The second investigated associations among 250 RA cases with 
known serologic status (positive versus negative). Sample size was 
too small to permit adjusting for confounders in these 2 sensitiv-
ity analyses. The third sensitivity analysis repeated all the analy-
ses for the study categorizing “don’t know” responses as missing. 
A fourth sensitivity analysis used participants with type 2 diabe-
tes mellitus as the comparison group to lessen the possible effects 
of illness-related recall bias. Participants with missing data for a 
particular family history item were excluded from that model. All 
analyses were prespecified in a protocol and were performed using 
SAS software, version 9.4.

RESULTS

Participant characteristics. We identified 821 RA cases 
and 2,455 matched controls (Table 1). RA cases and controls also 
had no difference in family characteristics such as adoption status 

(P = 0.31), parental age of death (P = 0.89 for fathers, P = 0.10 
for mothers), number of siblings (P = 0.66 for brothers, P = 0.41 
for sisters), or number of children (P = 0.46 for sons, P = 0.97 for 
daughters). Characteristics of the 143 RA cases who developed 
RA after the baseline questionnaire (incident RA) were similar to 
the overall RA group.

Family history of comorbidities and RA risk. Self- 
reported family history of RA in a first-degree relative was associ-
ated with personal history of RA (ORadj 2.44 [95% CI 2.02–2.94]), 
as was family history of other rheumatic autoimmune diseases 
(ORadj 1.89 [95% CI 1.41–2.52]), OA (ORadj 1.41 [95% CI 1.19–
1.68]), and hyper/hypothyroidism (ORadj 1.34 [95% CI 1.1–1.63]). 
An interaction between family history of RA and educational level 
for RA risk existed, such that the increase in RA risk associated 
with a family history of RA was smaller among those receiving a 
bachelor’s degree or higher than among those without a bachelor’s 
degree (ORadj 2.37 versus 2.58, P < 0.001 for interaction).

Family history of several other comorbidities was statisti-
cally associated with developing RA, but not at the prespecified 
threshold of P < 0.01. These included pulmonary fibrosis, IBD, 
fibromyalgia, OSA, and migraine headaches (Table 2). Similarly, 
2 conditions were associated with a suggestive decrease in the 
risk of RA (P < 0.05 but > 0.01), including family history of type 
2 diabetes mellitus (ORadj 0.81 [95% CI 0.67–0.97]) and Parkin-
son’s disease (ORadj 0.70 [95% CI 0.49–0.98]). None of the 22 
cancer family history items were associated with developing RA, 
even when combined together (ORadj 0.97 [95% CI 0.81–1.16]). 
Supplementary Table 1, available on the Arthritis Care & Research 
website at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24115/ 
abstract, shows the frequency of all of the family history items, 
including those that were not associated with RA.

Incident RA subset. Among the incident RA subset (n = 143) 
and their controls (n = 426), family history of several comorbidities 
was associated with developing incident RA, including autism, 
celiac disease, other liver disease, OA, and hyper/hypothyroidism 
(Table 3). The association between self-reported family history of 
RA and a personal history of incident RA was statistically signifi-
cant, but not to the prespecified P < 0.01 threshold (OR 1.64 [95% 
CI 1.01–2.62]).

Table 1. Demographic characteristics of RA cases and controls at baseline questionnaire*

Characteristic
RA cases 
(n = 821)

Controls 
(n = 2,455) P

Age, mean ± SD years 62 ± 14 62 ± 14 0.97
Age at RA diagnosis (or matched date), mean ± SD years 50 ± 16 50 ± 16 0.98
Female 600 (73) 1,792 (73) 0.96
White, non-Hispanic 804 (98) 2,393 (98) 0.46
Body mass index, mean ± SD kg/m2 30 ± 7 29 ± 7 0.03
Received bachelor’s degree or higher 324 (40) 1,182 (48) <0.001
Ever smoker 402 (49) 993 (40) <0.001

* Values are the number (%) unless indicated otherwise. RA = rheumatoid arthritis.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24115/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24115/abstract
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Sensitivity analyses. None of the family history items were  
more associated with 1 of the serologic subtypes  compared to the 
other (see Supplementary Table 2, available on the Arthritis Care 

& Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24115/ abstract). Another sensitivity  analysis examining the 
results with “don’t know” responses coded as “missing” showed 

Table 2. Association between self-reported family history of comorbidities and developing RA, ordered by 
strength of association*

Comorbidity
Cases  

(n = 821)
Controls  

(n = 2,455)
Unadjusted OR 

(95% CI)
Adjusted OR 

(95% CI)†
Rheumatoid arthritis 272 (36) 379 (18) 2.56 (2.12–3.08)‡ 2.44 (2.02–2.94)‡
HIV 9 (1) 11 (0.5) 2.47 (0.99–5.98) –
Pulmonary fibrosis 20 (3) 29 (1) 2.10 (1.17–3.72) 2.12 (1.16–3.80)
Rheumatic autoimmune disease§ 82 (11) 143 (7) 1.84 (1.38–2.44)‡ 1.89 (1.41–2.52)‡
Autism 24 (3) 44 (2) 1.66 (0.99–2.72) 1.62 (0.96–2.67)
Tuberculosis 34 (5) 68 (3) 1.52 (0.99–2.30) 1.51 (0.98–2.30)
Inflammatory bowel disease 62 (8) 129 (6) 1.49 (1.08–2.03) 1.45 (1.05–1.98)
Celiac disease 29 (4) 62 (3) 1.44 (0.91–2.24) 1.45 (0.91–2.27)
Osteoarthritis 403 (55) 1,075 (47) 1.36 (1.15–1.61)‡ 1.41 (1.19–1.68)‡
Fibromyalgia 74 (10) 168 (8) 1.39 (1.04–1.84) 1.40 (1.04–1.86)
Hyper/hypothyroidism 206 (28) 490 (23) 1.34 (1.11–1.62)‡ 1.34 (1.10–1.63)‡
Other liver disease 61 (8) 137 (6) 1.36 (0.99–1.85) 1.29 (0.93–1.77)
Obstructive sleep apnea 205 (28) 503 (22) 1.32 (1.09–1.59) 1.28 (1.05–1.55)
Other mental illness 93 (13) 222 (10) 1.29 (0.99–1.66) 1.24 (0.95–1.61)
Migraine headaches 267 (36) 703 (32) 1.22 (1.02–1.45) 1.20 (1.00–1.43)
Asthma 232 (31) 607 (27) 1.20 (1.00–1.44) 1.20 (0.99–1.44)
COPD 125 (17) 304 (14) 1.27 (1.01–1.59) 1.19 (0.94–1.50)
Venous thromboembolism 125 (17) 319 (15) 1.20 (0.95–1.50) 1.18 (0.94–1.48)
Type 2 diabetes mellitus 214 (29) 723 (32) 0.85 (0.70–1.01) 0.81 (0.67–0.97)
Parkinson’s disease 44 (6) 182 (8) 0.71 (0.50–0.99) 0.70 (0.49–0.98)

* Values are the number (%) unless indicated otherwise. 95% CI = 95% confidence interval; COPD = chronic obstructive 
pulmonary disease; OR = odds ratio; RA = rheumatoid arthritis. 
† Adjusted for age, sex, race, body mass index, education, smoking (ever versus never). 
‡ Statistically significant at P < 0.01. 
§ Prompted participants with the examples of scleroderma and systemic lupus erythematosus. 

Table 3. Subgroup analyses in the 143 cases that developed RA after the questionnaire 
(incident RA) and their controls*

Comorbidity
Incident RA  

(n = 143)
Controls  
(n = 426)

Incident RA, 
unadjusted OR 

(95% CI)
Rheumatoid arthritis 33 (26) 66 (17) 1.64 (1.01–2.62)
HIV 0 (0) 4 (1) –
Pulmonary fibrosis 3 (2) 5 (1) 1.74 (0.35–7.21)
Rheumatic autoimmune disease 9 (7) 18 (4) 1.56 (0.65–3.47)
Autism 7 (5) 2 (0.5) 10.5 (2.51–71.3)†
Tuberculosis 5 (4) 9 (2) 1.68 (0.51–4.95)
Inflammatory bowel disease 10 (8) 19 (5) 1.64 (0.71–3.55)
Celiac disease 10 (8) 7 (2) 4.61 (1.73–12.9)†
Osteoarthritis 84 (61) 157 (40) 2.57 (1.70–3.92)†
Fibromyalgia 10 (7) 29 (7) 1.03 (0.46–2.10)
Hyper/hypothyroidism 43 (33) 62 (16) 2.54 (1.61–4.00)†
Other liver disease 16 (12) 15 (4) 3.39 (1.62–7.13)†
Obstructive sleep apnea 39 (30) 83 (21) 1.55 (0.99–2.41)
Other mental illness 17 (13) 24 (6) 2.18 (1.12–4.17)
Migraine headaches 45 (34) 123 (31) 1.14 (0.74–1.72)
Asthma 43 (32) 100 (26) 1.39 (0.90–2.12)
COPD 18 (14) 51 (13) 1.03 (0.57–1.81)
Venous thromboembolism 28 (21) 46 (12) 1.94 (1.14–3.23)
Type 2 diabetes mellitus 42 (32) 111 (28) 1.20 (0.78–1.83)
Parkinson’s disease 13 (10) 25 (7) 1.58 (0.76–3.14)

* Values are the number (%) unless indicated otherwise. 95% CI = 95% confidence interval; 
COPD = chronic obstructive pulmonary disease; OR = odds ratio; RA = rheumatoid arthritis. 
† Statistically significant at P < 0.01. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24115/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24115/abstract
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similar results to the primary analysis (see Supplementary Table 3, 
available at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24115/ 
abstract). We performed an additional sensitivity analysis with 
patients reporting type 2 diabetes mellitus as the comparison group  
to lessen the impact of illness-related recall bias. This sensitivity analy-
sis showed similar associations for RA, other rheumatic autoimmune 
diseases, hyper/hypothyroidism, IBD, and migraines, although the 
associations with pulmonary fibrosis, fibromyalgia, and OSA were 
weaker (see Supplementary Table 4, available at http://onlin e  
libr ary.wiley.com/doi/10.1002/acr.24115/ abstract). Finally, missing 
data analysis revealed that participants missing 5 or more family 
history items tended to be slightly older and less educated than 
those missing 4 or fewer (see Supplementary Table 5, available at 
http://onlin elibr ary.wiley.com/doi/10.1002/acr.24115/ abstract).

DISCUSSION

Our study found that family history of several diseases besides 
RA is associated with an increased risk of RA, including other rheu-
matic autoimmune diseases, autoimmune diseases like thyroid 
disease and IBD, and nonautoimmune conditions like pulmonary 
fibrosis, OSA, and autism. Furthermore, family history of some dis-
eases was possibly associated with a modestly decreased risk of 
RA, including Parkinson’s disease and type 2 diabetes mellitus. 
These findings highlight opportunities for better predicting the risk 
of RA as well as understanding disease pathogenesis.

Other than family history of RA, the family history item most 
strongly associated with personal history of RA was other rheu-
matic autoimmune diseases. A previous study showed that family 
history of systemic lupus erythematosus and connective tissue  
disease almost doubled the odds of RA (20). Another found stan-
dardized incidence ratios of approximately 2 for parents of RA cases  
with localized scleroderma (2.4), systemic lupus erythematosus 
(2.1), and systemic sclerosis (1.7), along with significant associa-
tions with many other diseases, including ankylosing spondylitis, 
Sjögren’s syndrome, sarcoidosis, psoriasis, and granulomatosis 
with polyangiitis. However, that study only used hospital diagnosis 
codes, which is likely to accurately identify severe disease but may 
not capture mild disease (2). Moreover, neither study controlled 
for confounders. A third study did control for sex and duration of 
RA and found the association with other rheumatic diseases not 
to be statistically significant (OR 1.5 [95% CI 0.6–3.6]) (33). The 
current study thus fills an important knowledge gap by finding an 
association between family history of other autoimmune diseases 
and RA even after controlling for several important confounders.

Family history of several nonrheumatic autoimmune diseases 
was also associated with later developing RA. In the full analysis, 
hyper/hypothyroidism and IBD were associated with RA, while 
in the incident RA subset, hyper/hypothyroidism and celiac dis-
ease were associated with RA. Family history of thyroid disease 
has been previously shown to correlate with developing RA on 
an unadjusted basis (2,34), while another adjusting for sex and 

RA duration found a nonsignificant association (OR 2.0 [95% CI 
0.7–5.8]). This study reconciles these inconsistencies by finding a 
smaller but significant association between autoimmune thyroid 
disease and RA after controlling for several important confound-
ers. In contrast, the association between family history of IBD and 
celiac disease with RA found in this study is novel. These findings 
are likely to be valid since IBD and celiac disease are observed 
with greater frequency among patients with RA (26,35,36). The 
association between autoimmune diseases and RA also has a 
plausible mechanism, as shown by several studies showing over-
lapping genetic susceptibility (37,38).

Family history of several nonautoimmune comorbidities was 
also associated with RA. Most notable among these were family 
history of pulmonary fibrosis and OSA, which trended toward sig-
nificance, with P < 0.05 in the full analysis. These two conditions 
were not associated in the incident subset, although OSA trended 
toward significance. Family history of OA was also significant, per-
haps due to misclassification of OA as RA, because many people 
confuse the 2 conditions for each other. Family history of cancer  
was not associated with RA as originally hypothesized. No prior 
studies addressed the association between family history of pul-
monary fibrosis or OSA and RA, although these diseases are 
associated with RA among RA cases themselves (26,39–41). 
These associations possibly occurred due to chance, because 
they were not significant to the P < 0.01 threshold that was set 
a priori for multiple comparisons. Alternatively, perhaps there is a 
shared heritable component and/or environmental exposure for 
these diseases and RA.

Interestingly, family history of 2 comorbidities (type 2 diabe-
tes mellitus and Parkinson’s disease) trended toward a decreased 
risk of RA. The negative association with type 2 diabetes mellitus 
is surprising, given the known, positive association between type 
2 diabetes mellitus and RA among people with RA (42–44). The 
negative association with Parkinson’s disease is new and intrigu-
ing, yet it is in contrast to a few prior studies showing a slightly 
increased risk of Parkinson’s disease (45) and dementia (46) 
among people with autoimmune rheumatic diseases. These find-
ings were not significant to the prespecified P < 0.01 threshold, so 
the association may have occurred due to chance.

As found by previous studies, family history of RA was most 
strongly associated with RA. The strength of association in this 
study was similar to previous studies, which found ORs of approx-
imately 3 (1–4,7,10). The self-reported prevalence of RA family 
history in the current report (36%) was similar to a US Nurses’ 
Health Study report that also used self-reported family history (11) 
but higher than in prior studies conducted in Scandinavia using 
register data (11,20). This discrepancy might reflect misclassifica-
tion from self-report, supported by the reduced RA family history 
reported in the incident subset. The discrepancy might also reflect 
the low sensitivity of electronic diagnosis code methods and pop-
ulation differences, or the fact that 8% of participants in this study 
did not answer the question.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24115/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24115/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24115/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24115/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24115/abstract
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Among the subset of RA cases who developed RA after 
completing the baseline questionnaire, or “incident RA” cases, the 
association with RA was also weaker than that of the full analysis. 
One reason may be that the incident RA cases, and even their 
family members, might have less RA-associated recall bias com-
pared to individuals who had RA at the time of the questionnaire. 
Alternatively, before RA diagnosis, many people may not be famil-
iar with autoimmune diseases such as RA, or with the distinction 
between RA and OA. Thus, the RA association may have been 
artificially lowered, and the OA association artificially elevated, due 
to misclassification of RA as OA and vice versa. Another reason 
for the differences between the full and incident RA analyses might 
be that they represent different forms of RA. The incident RA 
cases were diagnosed much later in life, and there may be differ-
ent mechanisms that influence its development at later ages, with 
the genetic component relatively less important (47).

Several findings from the incident RA subset deserve men-
tion. Like the full analysis, family history of several autoimmune 
diseases, including celiac disease and hyper/hypothyroidism, was 
associated with RA, as was the self-reported family history of OA. 
Unlike the full analysis, however, family history of autism and other 
liver disease was also highly associated with RA. No existing lit-
erature describes an association between family history of autism 
or liver diseases and RA. However, a meta-analysis showed that 
family history of autoimmune diseases, including RA, was asso-
ciated with increased risk of autism (ORadj 1.51) (48). Further, a 
recent Danish cohort study showed an association between 
parental RA and autism in offspring (hazard ratio 1.3) (49). This 
association between autism and RA may merit further study.

Strengths of this study include the broad range of comorbidi-
ties studied and the adjustment for many key confounders. There 
are also several important limitations. First, using a convenience 
sample for selection creates potential selection bias that may limit 
generalizability, although this limitation was somewhat mitigated 
by recruitment in primary care divisions and at multiple locations. 
Second, recall bias is possible when asking patients about RA 
and family history, especially family history of RA, as noted by 
the higher OR in the full cohort compared to the incident subset. 
However, participants were asked about all comorbidities, not just 
RA. Furthermore, the other findings were overall similar in the inci-
dent RA subset and in the sensitivity analysis using participants 
with type 2 diabetes mellitus as controls.

Third, the questionnaire asked participants whether they 
had family history of other rheumatic autoimmune diseases as 
a whole, rather than specific diseases such as systemic lupus 
erythematosus or scleroderma, precluding any interpretation 
about family history of these diseases individually. Fourth, 
the percentage of participants who did not respond for each 
 family history item was somewhat high (7% to 13%), perhaps 
from an assumption that nonresponse meant an absence of 
 family  history and thus artificially inflating family history counts 
for each comorbidity. Nevertheless, sensitivity analysis coding 

these responses as missing did not change the results. While 
we did adjust for many possible confounders, residual or 
unmeasured confounding is still possible. Sample size was 
also too limited for the sensitivity analysis of incident RA to 
permit adjustment. Finally, using self-report rather than verified 
RA and family history likely results in misclassification, and to a 
different degree for each comorbidity. Future studies validating 
these findings using diagnosis codes would be helpful.

In summary, self-reported family history of several comor-
bidities besides RA was associated with an increased risk for 
RA, including other rheumatic diseases such as systemic lupus 
erythematosus and scleroderma, autoimmune diseases such as 
thyroid disease and IBD, and potentially nonautoimmune condi-
tions such as pulmonary fibrosis, OSA, and autism. These findings 
can help refine tools to predict RA risk. Future studies exploring 
the mechanisms for such associations may help uncover RA dis-
ease pathogenesis.
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Objective. To elucidate how postdiagnosis multimorbidity and lifestyle changes contribute to the excess mortality 
of rheumatoid arthritis (RA).

Methods. We performed a matched cohort study among women in the Nurses’ Health Study (1976–2018). We 
identified women with incident RA and matched each by age and year to 10 non-RA comparators at the RA diagnosis 
index date. Specific causes of death were ascertained via death certificates and medical record review. Lifestyle and 
morbidity factors were reported biennially; 61 chronic conditions were combined into the Multimorbidity Weighted 
Index (MWI). After adjusting for baseline confounders, we used inverse probability weighting analysis to examine the 
mediating influence of postindex MWI scores and lifestyle factors on total, cardiovascular, and respiratory mortality, 
comparing women with RA to their matched comparators.

Results. We identified 1,007 patients with incident RA and matched them to 10,070 non-RA comparators. After 
adjusting for preindex confounders, we found that hazard ratios (HRs) and 95% confidence intervals (95% CIs) were 
higher for total mortality (HR 1.46 [95% CI 1.32, 1.62]), as well as cardiovascular (HR 1.54 [95% CI 1.22, 1.94]) and 
respiratory (HR 2.75 [95% CI 2.05, 3.71]) mortality in patients with RA compared to non-RA comparators. Adjusting for 
postindex lifestyle factors (physical activity, body mass index, diet, smoking) attenuated but did not substantially account 
for this excess RA mortality. After additional adjustment for postindex MWI scores, patients with RA had HRs of 1.18 (95% 
CI 1.05, 1.32) for total, 1.19 (95% CI 0.94, 1.51) for cardiovascular, and 1.93 (95% CI 1.42, 2.62) for respiratory mortality.

Conclusion. We found that MWI scores substantially accounted for the excess total and cardiovascular mortality 
among women with RA. This finding underscores the importance of monitoring for the total disease burden as a 
whole in monitoring patients with RA.

INTRODUCTION

Rheumatoid arthritis (RA) has been associated with an 
increased incidence of cardiovascular events (1), cancer (2), seri-
ous infections (3), and respiratory diseases (4) compared to the 
general population. Despite advances in RA treatment, a gap 

between the mortality of patients with RA and the general popula-
tion persists, perhaps due to worsening lifestyle, morbidity burden,  
disease progression, and medication side effects (5–7).

Although RA is one of the most common autoimmune dis-
eases, its annual incidence of 38 per 100,000 is relatively low (8). 
This fact makes the construction of an inception cohort with appro-
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priate individual-level comparators and lengthy follow-up difficult. 
As a result, studies have typically been performed using RA-only 
cohorts and compared to the expected mortality calculated from 
age-, sex-, and calendar-year–matched population statistics 
(standardized mortality ratio [SMR] method) (2,5–7,9). The SMR 
method does not account for the potential discrepancies between 
patients with RA and the general population beyond these factors, 
such as differences in smoking and body mass index (BMI). This 
absence may result in insufficient control for confounding (10,11) 
and an inability to study the mediators of excess mortality that are 
influenced by the RA status and predispose patients with RA to 
excess mortality.

Multimorbidity, the presence of 2 or more chronic conditions 
in an individual and representation of an individual’s accumulat-
ing morbidity burden (12,13), likely plays a role in excess mor-
tality. Various indices have been proposed in efforts to evaluate 
the multimorbidity burden (14). Quantifying the extent to which the 
excess mortality is explained by such a measure of multimorbidity 
is of interest because a comprehensive general measure of multi-
morbidity should explain some part of the excess mortality among 
patients with RA, leaving the rest to RA-specific issues, includ-
ing treatment and lifestyle changes. However, challenges exist in 
providing sufficiently granular information on chronic morbidities 
to calculate a multimorbidity index both in patients with RA and 
non-RA comparators without information bias due to differential 
ascertainment (15).

The Nurses’ Health Study (NHS), an ongoing large pro-
spective cohort (n = 121,700) of US female registered nurses 
with a rich set of covariate history, provided a unique opportunity 

to examine this question (16). In this study, we aimed to better 
understand the extent to which an extensive multimorbidity mea-
sure (17) explained the excess mortality among patients with RA. If 
the excess mortality is explained to a large extent by such a multi-
morbidity measure, the index may prove to be useful as a monitor-
ing tool. If not, an effort to create a more comprehensive measure 
of multimorbidity may be warranted.

SUBJECTS AND METHODS

Subjects and eligibility. NHS enrolled 121,700 female 
registered nurses in 1976, ages 30–55 years. Since then, the 
prospective follow-up has continued every 2 years to date 
through mailed questionnaires. The questionnaires collect infor-
mation on sociodemographics, anthropometrics, behaviors, med-
ications, dietary intake, and health conditions. Only 4.4% of 
person-years have been lost to follow-up (18). The study protocol 
was approved by the institutional review boards of the Brigham 
and Women’s Hospital and the Harvard T. H. Chan School of Pub-
lic Health.

Identification of incident RA. Participants who self- 
reported a new physician diagnosis of RA in the biennial NHS  
questionnaires received a validated follow-up questionnaire for 
connective tissue disease screening (19). If the screening was 
positive, medical records were requested and independently 
reviewed by 2 physicians to confirm RA based on the 1987 Amer-
ican College of Rheumatology (ACR) (20) or 2010 ACR/European 
League Against Rheumatism (21) classification criteria. We further 
classified RA cases as seropositive (positivity of rheumatoid fac-
tor or anti–cyclic citrullinated peptide antibody [anti–citrullinated 
protein antibody (ACPA)], if available) and seronegative (both anti-
bodies negative) from the results of clinical testing in the record. 
We excluded women who had prevalent RA in 1976. The index 
date was defined as the date of diagnosis, as obtained by medical 
record review. RA cases were identified up to and including the 
2014 questionnaire cycle.

Matched non-RA comparators. For each confirmed 
patient with incident RA, we matched by age and calendar 
year 10 non-RA comparators who had never self-reported RA 
at or prior to the index date. To avoid the issue of misalign-
ment of the start of the follow-up and eligibility assessment, 
we did not use comparators’ future RA development status for 
baseline exclusion. Instead, they were censored at the time of 
RA development. This censoring only excluded 0.24% of the 
person-time.

SIGNIFICANCE & INNOVATIONS
• We examined the roles that postdiagnosis factors 

played in the excess mortality observed in patients 
with incident rheumatoid arthritis (RA) compared 
to matched non-RA comparators.

• The parent study, Nurses’ Health Study (NHS), pro-
vided a rich set of longitudinal information both  
before and after the diagnosis of RA.

• Increased hazards persisted after accounting for 
the postdiagnosis lifestyle factors only.

• Accounting for the postdiagnosis multimorbidity 
as measured by the Multimorbidity Weighted In-
dex mostly eliminated the increased hazards for 
total and cardiovascular mortality among patients 
with RA.

• An increased hazard for respiratory mortality  
remained, suggesting the roles of factors not cap-
tured in the NHS, such as interstitial lung diseases.
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Mortality outcomes. Our outcomes of interest were 
total and cause-specific mortality. For cause-specific mortal-
ity, we focused on cardiovascular and respiratory mortality 
(16). We identified mortality through the National Death Index, 
state cancer registries, and family reports (22,23). Trained NHS 
study physicians reviewed death certificates, medical records, 
and autopsy reports (if available) to assign a single primary 
underlying cause of death. Mortality data were last collected 
on December 4, 2018, which serves as the end of follow-up 
for this study.

Covariates. Preindex and postindex covariates. We 
selected covariates identified as associated with the risk for 
developing RA and mortality (16,22,24–31). We classified 
time-varying covariates as preindex and postindex (Figure 1). For 
preindex covariates, we used the characteristics of the RA cases 
and matched non-RA comparators at 1 questionnaire cycle prior 
to the index date. Median household income was derived from 
the participants’ address and US Census tract-level data by zip 
code. US residence regions were classified as New England, 
Mid-Atlantic, Midwest, South, and West based on zip code. Par-
ticipants self-reported their race/ethnicity as well as menopausal 
status and postmenopausal hormone use. BMI was calculated 
from self-reported weight in kg/m2. Weekly hours of moder-
ate-to-vigorous physical activity were calculated from a validated 
survey (32,33). Using the food-frequency questionnaires (34), 
we calculated the Alternate Healthy Eating Index (AHEI) score 
(35,36). Smoking status (never, past, and current smoker) and 
pack-years were derived from self-report in the past 2 years (26). 
We used 4 lifestyle covariates (BMI, physical activity, AHEI score, 
and smoking pack-years) as time-updated postindex covariates 
to examine their roles in mediating the association of RA and total 
and cause-specific mortality.

Preindex and postindex multimorbidity. To capture the total-
ity of multiple chronic conditions and diseases before and after 
the index date, we used the validated Multimorbidity Weighted 
Index (MWI) (17,37). The MWI was developed to quantify the 
contributions of 74 common and chronic conditions by their 
impact on health-related quality of life (HRQoL), measured by 
the Short Form 36 health survey (SF-36) 10-item physical func-
tioning scale (17). MWI scores better predicted 10-year mortal-
ity than the Charlson Comorbidity Index (CCI) (38) and disease 
count (37). Physician-diagnosed conditions were self-reported 
through a binary yes/no response. Participants could also vol-
untarily list other conditions not assessed in the questionnaire. 
Most conditions were considered irreversible and/or requiring 
lifelong maintenance/treatment, and once reported as present, 
carried forward. A few conditions were considered intermittent 
and included in each survey year reported but not carried forward 
(see Supplementary Table 1, available on the Arthritis Care & 
Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24120/ abstract). The NHS questionnaire included both com-
mon chronic conditions with a prevalence similar to those seen in 
the general population and also rare but debilitating conditions, 
such as amyotrophic lateral sclerosis, that are rarely captured in 
other surveys. Our adaptation of the MWI is explained in Sup-
plementary Table 1, available on the Arthritis Care & Research 
website at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24120/ 
abstract, and the accompanying supplementary text.

Statistical analyses and modeling strategy. We 
described the baseline characteristics of the RA cases and 
their matched comparators at 1 questionnaire cycle prior to the 
index date (Figure 1). We conducted longitudinal descriptive 
analyses of mortality and the multimorbidity and lifestyle factors 
using the postindex follow-up data. The slope difference and 

Figure 1. Cohort construction diagram. For each incident rheumatoid arthritis (RA) case, 10 non-RA comparators were matched for age and 
calendar year. The follow-up (f/u) for this current study started at the time of RA diagnosis or the comparable date for the comparators (index 
date). IPW = inverse probability weights.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24120/abstract
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the interaction P value were examined using a linear mixed- 
effects model to account for the intraindividual correlation of  
repeated measures. We also calculated the organ-system com-
ponent MWI score (see Supplementary Table 1, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24120/ abstract). Similarly, we conducted longi-
tudinal descriptive analyses of lifestyle factors (BMI, physical activ-
ity, cumulative AHEI score, and smoking pack-years).

We performed analyses detailing the association between RA 
and mortality outcomes compared to the comparator group. First, 
we used Cox regression, adjusting only for preindex confound-
ers, to estimate the overall increase in the hazards of total and 
cause-specific mortalities due to RA (model 1). The effect estimate 
of RA in these models would be interpreted as the total effect of 
RA on mortality, since postindex mediators postulated to be on 
the causal pathway are not adjusted. Due to the potentially differ-
ential morbidity and mortality implications of seropositive RA ver-
sus seronegative RA (16,39), we also conducted stratified analysis 
by the seropositivity status.

Next, we additionally accounted for postindex time-updated 
lifestyle factors (model 2), followed by postindex time-updated 
MWI score (model 3), and then both (model 4) using inverse prob-
ability weighting (IPW) (40). We employed the IPW framework to 
balance the distribution of time-varying covariates at each post-
index time point between patients with RA and comparators. 
Due to the 10-times larger size of the non-RA comparator group, 
IPWs would make the distribution of postbaseline covariates in 

the RA group similar to those of the comparator group, while 
keeping the comparator group less modified. Thus, this weighting 
scheme makes the average trajectory of postindex covariates in 
the patients with RA similar to that of the non-RA comparators. 
Intuitively, this result is achieved through down-weighting patients 
with RA who have accumulated more morbidities than typical 
in the comparator group and up-weighting those patients with 
RA who developed fewer morbidities than typical for RA (i.e., at 
a level comparable to the non-RA comparator group). No inter-
action terms among the time-varying covariates were included 
in the weighting models because we did not have definitive 
hypotheses concerning interactions. We assessed the validity of 
the weighting models via examination of the stabilized IPW over 
time (see Supplementary Figure 1, available on the Arthritis Care 
& Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24120/ abstract). The mortality outcome analysis after IPW 
was conducted via weighted pooled logistic regression (41). We 
interpreted the association of RA status and mortality that per-
sisted in these IPW analyses as the direct effects of RA not medi-
ated by the factors that were accounted for in the IPW (lifestyle 
factors, multimorbidity, or both, depending on the model). The 
decrement in the RA hazard ratio (HR) after accounting for these 
postindex covariates represented the quantification of the amount 
of mediation explained by the difference in their trajectories devel-
oping between patients with RA and their matched comparators 
after the index date. A sensitivity analysis with the CCI (38) was 
also conducted. The descriptive analyses were conducted in R 

Table 1. Baseline characteristics for women with incident RA (n = 1,007) and matched comparators (n = 10,070) in the Nurses’ Health Study*

Characteristics Patients with RA Matched non-RA comparators
No. 1,007 10,070
Age, mean ± SD years† 60.3 ± 10.3 60.3 ± 10.3
Household income, median (IQR) $US 59,415 (47,373, 74,985) 59,125 (46,347, 76,453)
US region

New England 157 (15.6) 1,332 (13.2)
Mid-Atlantic 409 (40.6) 4,351 (43.2)
Midwest 197 (19.6) 1,618 (16.1)
South 80 (7.9) 658 (6.5)
West 159 (15.8) 1,869 (18.6)

White race 981 (97.4) 9,736 (96.7)
Menopausal status and PMH use

Premenopausal 256 (25.8) 2,968 (30.8)
Postmenopausal and never PMH use 256 (25.8) 2,753 (28.6)
Postmenopausal and any PMH use 240 (24.2) 1,922 (20.0)

Body mass index, mean ± SD kg/m2 26.0 ± 5.0 25.6 ± 5.1
Physical activity, hours/week, median (IQR) 0.9 (0.0, 3.0) 1.0 (0.0, 3.0)
Alternate Healthy Eating Index, median (IQR) 50.5 (44.3, 57.9) 50.7 (44.0, 58.2)
Smoking status

Never smoker 361 (36.0) 4,347 (43.2)
Past smoker 436 (43.4) 3,717 (37.0)
Current smoker 207 (20.6) 1,989 (19.8)

Pack-years among ever smokers, median (IQR) 22.0 (10.0, 38.0) 17.0 (5.0, 34.0)
Multimorbidity Weighted Index, mean ± SD 4.2 ± 4.4 3.1 ± 3.9

* Values are the number (%) unless indicated otherwise. Each woman with incident rheumatoid arthritis (RA) occurring during follow-up of the 
Nurses’ Health Study was matched with up to 10 women without RA by age and calendar year at the index date of RA diagnosis. Missing data are 
not presented. IQR = interquartile range; PMH = postmenopausal hormone use. 
† Age is from the index date. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24120/abstract
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software, version 3.5, and the IPW analyses were conducted in 
SAS software, version 9.4 (41). We used an alpha level of 0.05 
for confidence intervals (95% CIs) and reported P values where 
applicable.

RESULTS

Participants and baseline characteristics. We identi-
fied 1,007 incident RA cases during follow-up since 1976 in the 
NHS. We chose 10,070 comparators in total. The average calen-
dar year of the index date was 1995. The age as of the index date 
was balanced, with a mean ± SD of 60 ± 10 years in both groups. 
Seropositive RA accounted for 623 RA cases (62%), whereas 
seronegative RA accounted for 384 RA cases. Subjects’ prein-
dex characteristics at 1 questionnaire cycle (up to 2 years) before 
the index date are shown in Table 1. Past and current smoking 
were more common among individuals with RA (43% versus 
21%) than in comparators (37% versus 20%). There were fewer 
premenopausal women among the RA cases (26% versus 31%). 
The descriptive statistics of the conditions included in the MWI are 
shown in Supplementary Table 2, available on the Arthritis Care 
& Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24120/ abstract.

Total and cause-specific mortality. As shown in Sup-
plementary Table 3, available at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24120/ abstract, the median follow-up dura-
tion after the index date was 20 (interquartile range [IQR] 12, 
26) years among RA cases and 20 (IQR 12, 28) years among 
the matched comparators. During follow-up, 431 deaths occurred 
among patients with RA (43%) and 3,156 deaths occurred 
among matched comparators (31%). Among all deaths, cardio-
vascular deaths occurred in 20% of RA cases and 19% of com-
parators. Respiratory mortality was more common for RA cases 
(12%) than for matched comparators (7%).

Description of multimorbidity and lifestyle factors 
before and after the index date. The mean ± SD preindex 
MWI score was higher for incident RA cases (4.2 ± 4.4) than 
for matched comparators (3.1 ± 3.9) (Figure 2). The accumula-
tion of morbidities as measured by the MWI was more rapid after 
incident RA diagnosis than for the matched comparators (mean 
slope difference 1.43 per decade [95% CI 1.23, 1.63]; interaction 
P < 0.001). When partitioned into major organ systems (Figure 3), 
the musculoskeletal system was the largest contributor to the 
MWI score in both groups and had an initial difference as well as 
a steeper slope for the RA cases. Additionally, cardiovascular and 
pulmonary components of the MWI had a greater accumulation for 
RA cases than for matched comparators. The unweighted multi-
morbidity counts demonstrated similar trends (see Supplementary 
Figures 2 and 3, available on the Arthritis Care & Research website 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24120/ abstract).

The description of lifestyle factors after the index date is shown 
in Figure 4. BMI trajectories were visually similar across the patients 
with RA and the matched comparators, although a minor slope dif-
ference was detectable. The decline in physical activity was more 
prominent in the RA group than in comparators. Both groups 
exhibited similar minor improvements over time in dietary quality, 
as measured by the AHEI. RA cases had higher smoking pack-
years at the index date (3.3 pack-years more among patients with 
RA) and throughout follow-up. Accounting for censoring by death 
through mixed-effects modeling, accumulation of further smok-
ing exposure was similar (additional –0.02 pack-years of smoking 
exposure per decade for RA [95% CI –0.21, 0.16]; P = 0.801).

RA and mortality risk adjusting for only preindex 
confounders using Cox regression. In the initial analyses 
adjusting for the preindex confounders, women with RA had 
HRs of 1.46 (95% CI 1.32, 1.62) for total, 1.54 (95% CI 1.22, 
1.94) for cardiovascular, and 2.75 (95% CI 2.05, 3.71) for respira-
tory mortality compared to the matched comparators. As shown 
in Table 2, seropositive RA cases had even higher HRs for the total 
(1.56 [95% CI 1.37, 1.77]) and respiratory mortality (3.52 [95% CI 
2.50, 4.96]) compared to their matched comparators. The HRs for 
seronegative RA were increased for cardiovascular mortality (1.60 
[95% CI 1.13, 2.28]) compared to their matched comparators.

Figure 2. Accumulation of multimorbidity after the index date of 
rheumatoid arthritis (RA) diagnosis (n = 1,007) or matched date for 
comparators (n = 10,070) for women in the Nurses’ Health Study, 
as quantified by the Multimorbidity Weighted Index (MWI). The mean 
slope difference represents the additional accumulation of the MWI 
score per 10 years (95% confidence interval in shading) among 
women with RA compared to their matched non-RA comparators, 
as well as the P value for interaction.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24120/abstract
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RA and mortality risk further accounting for postin-
dex factors using IPW. Accounting for postindex lifestyle fac-
tors via IPW attenuated but did not eliminate the increased HRs 
for mortality for women with RA (Table 2, model 2): total mor-
tality 1.38 (95% CI 1.23, 1.54), cardiovascular mortality 1.39 
(95% CI 1.09, 1.78), and respiratory mortality 2.40 (95% CI 1.76, 
3.28). However, accounting for postindex multimorbidity factors 
(Table 2, model 3) more strongly attenuated mortality, in particular, 
the total mortality (HR 1.25 [95% CI 1.13, 1.40]) and cardiovascu-
lar mortality (HR 1.23 [0.97, 1.55]), but also respiratory mortality 
(HR 2.03 [95% CI 1.50, 2.76]). Accounting for both postindex life-
style and multimorbidity factors in the same model (Table 2, model 
4) resulted in the most attenuation of HRs for total mortality (1.18 
[95% CI 1.05, 1.32]) and cardiovascular mortality (1.19 [95% CI 
0.94, 1.51]) for RA. The HR for respiratory mortality was atten-
uated but remained statistically significant at 1.93 (95% CI 1.42, 
2.62). Even higher HRs remained for the seropositive RA subset: 
1.31 (95% CI 1.14, 1.51) for total mortality and 2.68 (95% CI 1.88, 
3.82) for respiratory mortality, although cardiovascular mortal-
ity difference was nearly eliminated (1.13 [95% CI 0.82, 1.57]). 

Among the seronegative RA subset, this total mortality difference 
was attenuated and no longer statistically significant 1.01 (95% 
CI 0.84, 1.21). These results represent the potential pathways 
that account for excess RA mortality according to the measured 
postindex factors in each model. A sensitivity analysis with the 
CCI (38) generally gave similar results, although attenuation was 
not as prominent (see Supplementary Table 4, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24120/ abstract).

DISCUSSION

To elucidate the evolution and influence of postindex multi-
morbidity as measured with the MWI (17) on the excess mortality 
among patients with incident RA, we used the NHS, a large pro-
spective cohort of female nurses who were free of RA at cohort 
inception in 1976. As in previous reports (16), we found that 
patients with RA had increased total, cardiovascular, and respira-
tory mortality, adjusting for preindex confounders, including smok-
ing, physical activity, BMI, dietary intake, and multimorbidity. The 

Figure 3. Accumulation of the major components (musculoskeletal, cardiovascular, pulmonary, endocrine, gastrointestinal, and nervous) of 
the Multimorbidity Weighted Index (MWI) after the index date of rheumatoid arthritis (RA) diagnosis (n = 1,007) or matched date for comparators 
(n = 10,070) for women in the Nurses’ Health Study. The in-figure numbers are the mean slope differences that represent additional increase of 
each component of the MWI per 10 years (95% confidence interval) among women with RA compared to their matched non-RA comparators, 
as well as the P value for interaction. See Supplementary Table 1, available on the Arthritis Care & Research website at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.24120/ abstract, for further information on the components.
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results accounting for postindex lifestyle changes and MWI score 
extend previous studies by allowing us to examine which of these 
elements may explain excess RA mortality with more substantial-
ity. Accounting for postindex lifestyle changes did not explain the 
excess risk for total, cardiovascular, or respiratory mortality. How-
ever, additionally accounting for postindex MWI score attenuated 
estimates of excess cardiovascular mortality in RA. The excess 
risk for patients with RA persisted even after accounting for multi-
morbidity factors for total mortality and respiratory mortality.

This current report extends our previous study in the NHS 
that examined the total and cause-specific mortalities in RA (16). In 
this study, we have more closely examined potential causes of the 
excess mortalities in RA. In particular, we used the MWI, a novel 
index to quantify multimorbidity, accounting for importance to 
physical HRQoL (17,37). Our finding in the models accounting for 

postindex MWI scores suggests major contributions from accu-
mulating multimorbidity burden as measured by the MWI after RA 
diagnosis, resulting in increased total and cardiovascular mortality. 
This extensive 61-condition index accounted for excess mortal-
ity more than the 19-condition CCI, as seen in the greater magni-
tude of attenuation of excess RA mortality for the MWI compared 
to CCI. The residual elevation in the respiratory mortality even 
after accounting for MWI score may indicate the importance of 
other factors that were not captured in the NHS. These missing 
factors could include interstitial lung disease, infections, and dis-
ease-modifying antirheumatic drug use.

Multimorbidity, defined as the presence of multiple, concur-
rent chronic conditions within 1 person, occurs more commonly 
than the presence of a single chronic disease in the adult popu-
lation (42). How we should define the set of conditions that count 

Figure 4. Changes in continuous measures of lifestyle factors (body mass index, moderate-to-vigorous physical activity, dietary intake, and 
smoking) over time after the index date of rheumatoid arthritis (RA) diagnosis (n = 1,007) or matched date for comparators (n = 10,070) for 
women in the Nurses’ Health Study. The numbers represent the mean slope difference per 10 years (95% confidence interval) comparing 
women with RA to their matched non-RA comparators, as well as the P value for interaction. AHEI = Alternate Healthy Eating Index; BMI = 
body mass index; h/wk = hours/week.
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toward multimorbidity and how the measurement should be made 
are topics of continued debate. Among many scales available, 
we used the MWI (17) for several reasons. The MWI is a com-
prehensive, continuous measure that includes more conditions 
and more precisely captures the broad distribution of multimor-
bidity in the population. Similar to disease count, the MWI is easy 
to implement but additionally accounts for the differential impact 
of each condition. Weighting conditions, as in the MWI, provides 
a better model fit than disease count for predicting future physical 
functioning, cognitive functioning, and mortality (37,43). Since the 
notion of multimorbidity is to focus on the patient as an individual 
rather than on a specific disease (13), the weights should ideally 
represent each condition’s impact on a patient-centered mea-
sure, such as HRQoL. The MWI was initially developed with these 
points in mind, using the SF-36 physical functioning to weight 
disease severity (17). Important for our study, the MWI has been 
demonstrated to be a useful measure to predict future mortality, 
with higher accuracy than the CCI (37).

Our study emphasizes the importance of consideration 
of multimorbidity in rheumatologic care. Although the hallmark 
of RA may be its characteristic joint involvement, the chronic 
inflammatory nature of RA and its treatment result in the develop-
ment of morbidities beyond the musculoskeletal system (44). 
We observed more rapid accumulation of the morbidity burden 
as measured by MWI scores for patients with RA in several organ 
systems in the descriptive analyses in comparison to their matched 
comparators drawn from the same population. Multimorbidity has 
an impact on multiple aspects of RA care. Patients with RA may 
have underrecognition and suboptimal treatment for many coex-
isting conditions, for example accumulating cardiovascular con-
ditions (45). An international study found that patients with RA 
with multimorbidity were less likely to be on biologic disease-mod-
ifying antirheumatic drugs (46), which may indicate the hesitance 
of physicians for initiating more aggressive therapy for RA or the 
reliance on corticosteroids, which could worsen multimorbid-
ity. Our results showing the important contribution of the faster 

Table 2. Hazard ratios for total and cause-specific mortality for women with RA (reference: matched comparators) in the Nurses’ Health Study, 
balancing time-varying covariates before and after the index date of RA diagnosis using inverse probability weighting*

Models and covariates† Total mortality Cardiovascular mortality Respiratory mortality
All RA (vs. matched comparators)

1. Baseline confounders 1.46 (1.32, 1.62) 1.54 (1.22, 1.94) 2.75 (2.05, 3.71)
2. Baseline confounders + time-

updated lifestyle factors
1.38 (1.23, 1.54) 1.39 (1.09, 1.78) 2.40 (1.76, 3.28)

3. Baseline confounders + time-
updated multimorbidity

1.25 (1.13, 1.40) 1.23 (0.97, 1.55) 2.03 (1.50, 2.76)

4. Baseline confounders + time-
updated lifestyle/multimorbidity

1.18 (1.05, 1.32) 1.19 (0.94, 1.51) 1.93 (1.42, 2.62)

Seropositive RA (vs. matched 
comparators)

1. Baseline confounders 1.56 (1.37, 1.77) 1.49 (1.09, 2.02) 3.52 (2.50, 4.96)
2. Baseline confounders + time-

updated lifestyle factors
1.47 (1.28, 1.70) 1.24 (0.88, 1.73) 3.30 (2.32, 4.69)

3. Baseline confounders + time-
updated multimorbidity

1.39 (1.21, 1.59) 1.23 (0.90, 1.68) 2.69 (1.89, 3.83)

4. Baseline confounders + time-
updated lifestyle/multimorbidity

1.31 (1.14, 1.51) 1.13 (0.82, 1.57) 2.68 (1.88, 3.82)

Seronegative RA (vs. matched 
comparators)

1. Baseline confounders 1.30 (1.10, 1.54) 1.60 (1.13, 2.28) 1.45 (0.76, 2.77)
2. Baseline confounders + time-

updated lifestyle factors
1.24 (1.03, 1.49) 1.55 (1.08, 2.24) 1.10 (0.54, 2.22)

3. Baseline confounders + time-
updated multimorbidity

1.04 (0.87, 1.25) 1.20 (0.84, 1.71) 1.07 (0.55, 2.10)

4. Baseline confounders + time-
updated lifestyle/multimorbidity

1.01 (0.84, 1.21) 1.18 (0.83, 1.69) 1.07 (0.57, 2.04)

* Values are the hazard ratio (95% confidence interval). The all-RA analyses included 1,007 women with all rheumatoid arthritis (RA) and 10,070 
matched comparators. The seropositive RA analyses included 623 women with seropositive RA and 6,230 matched comparators. The seronegative 
RA analyses included 384 women with seronegative RA and 3,840 matched comparators. Model 1 shows the effect of RA on mortality outcomes 
adjusted for confounding factors. Models 2–4 shows the residual effects of RA on mortality not accounted for by the listed mediating factors 
occurring after the index date. 
† Model 1, baseline confounders: adjusted for matching factors (age and calendar year) at the index date of RA diagnosis as well as for baseline 
factors assessed prior to the index date: annual family income, body mass index, physical activity, Alternate Healthy Eating Index (AHEI) score, 
smoking, and Multimorbidity Weighted Index (MWI) score. Model 2, baseline confounders + time-updated lifestyle: adjusted for variables in model 
1 as well as time-updated lifestyle factors (body mass index, physical activity, AHEI score, smoking) assessed after the index date; adjustment 
used inverse probability weighting. Model 3, baseline confounders + time-updated multimorbidity: adjusted for variables in model 1 as well as 
time-updated MWI score after the index date; adjustment used inverse probability weighting. Model 4, baseline confounders + time-updated 
lifestyle/multimorbidity: adjusted for variables in model 2 as well as time-updated MWI score after the index date; adjustment used inverse 
probability weighting. 
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accumulation of the morbidity burden, as measured by the MWI, 
to the excess mortality of RA further emphasize the need to care-
fully consider how multimorbidity should be detected and treated.

Although their roles may be less prominent than multimorbid-
ity in the current study, lifestyle factors should not be disregarded. 
For example, smoking is an important risk factor for the develop-
ment of RA (26,10,47,48), and smoking exposure was consider-
ably higher among patients with RA than among their matched 
comparators at baseline and throughout the follow-up, although 
their slopes were similar after accounting for survivor bias (prefer-
ential censoring by mortality among heavy smokers). The decrease 
in physical activity with aging among patients with RA may repre-
sent barriers to exertion such as dyspnea (49). Therefore, delineat-
ing the feedback relationship between multimorbidity and lifestyle 
factors may be important.

Deriving our study cohort from the NHS allowed us to identify 
patients with incident RA with systematically collected question-
naires extending from the prediagnosis period until decades after 
diagnosis. Having individual-level matched comparators enabled 
us to adjust for various preindex factors and to assess the influ-
ence of postindex factors.

The major trade-off for a study based on the NHS is the 
nondiverse nature of the cohort. The NHS is composed only of 
US female nurses who were ages 30–55 years, mostly white, 
who were required to be healthy and working at the initiation of 
the cohort in 1976. Therefore, generalizability to the population 
of patients with RA beyond this type of demographic remains 
to be confirmed. Even with the rich data on repeated measures 
of potential confounders and mediators, there may be inherent 
inaccuracy of self-reported data. Therefore, residual confounding 
and unmeasured mediation are possible. While the MWI offered 
advantages for this analysis of overall morbidity burden, it is true 
that an overall index does not allow examination of influence 
on mortality at the individual condition level. We attempted to 
provide additional insights by demonstrating the organ system–
level major contributors of MWI scores.

The NHS is a study among female nurses in general and is 
not a rheumatology-specific disease or drug registry. As a result, 
the routine data collection in the NHS has been geared toward 
lifestyle factors and typical lifestyle-associated diseases such as 
cancer, cardiovascular disease, and diabetes mellitus. Variables 
that are relevant to rheumatology practice, but infrequent among 
the general population, such as interstitial lung diseases and anti-
rheumatic medication use, were not captured. However, since the 
study participants are health professionals, the positive predictive 
values are known to be high for many of the self-reported condi-
tions that were included (50). The inception of the NHS occurred 
in 1976, but the average calendar year of the index date was 
1995, indicating that the diagnosis and follow-up of RA cases in 
our study extended into the biologic era. Serologic status at RA 
diagnosis relied on clinical testing, so some older RA cases did 
not have ACPA testing done.

In summary, accumulating multimorbidity as measured by the 
MWI after RA diagnosis accounted for much of the excess total 
and cardiovascular mortality for RA. Patients with seropositive RA 
had very elevated respiratory mortality, even after accounting for 
lifestyle factors and common chronic morbidities. Our findings 
emphasize the need for rheumatologists and primary care pro-
viders to actively take part in monitoring for multimorbidity that 
patients with RA are prone to developing.
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Prevalence of Rheumatoid Arthritis and Drug Dispensing 
Patterns Among Medicaid and Medicaid–Medicare Dually 
Eligible Beneficiaries in Puerto Rico
José J. Hernández-Muñoz,1  Wenfei Wei,1  and Radames Sierra-Zorita2

Objective. To estimate the prevalence of rheumatoid arthritis (RA) in Puerto Rico, to describe disease-modifying 
antirheumatic drug (DMARD) dispensing patterns by prescriber specialty, and to illustrate the impact of RA case 
definition on the estimated prevalence.

Methods. This study estimated the prevalence of RA in Puerto Rico during 2016 among Medicaid and Medicaid–
Medicare dually eligible beneficiaries of the Mi Salud health care plan, a federally funded health insurance program. 
DMARD dispensing and cost patterns were described and stratified by provider specialty. A sensitivity analysis was 
conducted to evaluate the effect of RA case definition on estimated prevalence.

Results. The prevalence of RA in 2016 was estimated to be 2 cases per 1,000 beneficiaries, with 3 per 1,000 
beneficiaries among females, 4.5 times that of males. In total, 44% of beneficiaries received conventional synthetic 
DMARDs (csDMARDs) only, 32% received biologic or targeted synthetic DMARDs (b/tsDMARDs) only, and 24% 
received a combination of csDMARDs and b/tsDMARDs. Rheumatologists and a combination of specialties accounted 
for the highest median number of dispensed DMARDs, with 14 each. A sensitivity analysis revealed that when RA 
cases with ≥3 medical claims were restricted to having ≥1 DMARD claim, the estimated prevalence changed from 6 
to 3 cases per 1,000 beneficiaries.

Conclusion. The prevalence of RA in Puerto Rico in this study is lower than reported in the mainland US, possibly 
due to more stringent criteria to define RA. DMARD dispensing and cost patterns are similar to those found in other 
studies. Claims algorithms that identify RA have higher validity when pharmacy data is included.

INTRODUCTION

Numerous studies have reported the prevalence of rheuma-
toid arthritis (RA) in different parts of the world. However, these 
estimates vary as a function of the case definition, data source, 
patient characteristics, time span, and geographic region used 
in the study (1–9). A clinical diagnosis using the 2010 American 
College of Rheumatology and European League Against Rheu-
matism criteria is considered the most valid and reliable method 
to ascertain cases of RA (10,11). However, this process relies on 
the availability of several clinical indicators, limiting its application 
to direct physician–patient interactions or data sets with complete 
clinical information. Therefore, its application is often limited to a 
small set of patients.

Administrative health claims data sets have emerged as 
powerful and relatively inexpensive tools to estimate the preva-
lence of RA at the national level or in broad geographic regions 

(7,12–18). Multiple algorithms that identify RA cases using admin-
istrative health claims have been proposed. However, the accu-
racy of case ascertainment is highly dependent on the selected 
administrative claims algorithm (12–14,16,19,20). Most of these 
algorithms use the International Classification of Diseases (ICD) 
codes to identify RA-related medical visits during a prespecified 
period (7,12,14,15,17,18). However, algorithms combining diag-
nosis codes and pharmaceutical dispensing of disease-modifying 
antirheumatic drugs (DMARDs) have shown to improve the posi-
tive predictive value of the case ascertainment (20).

Several studies have characterized the prevalence of RA in 
the US using administrative health claims. The prevalence esti-
mates in these studies fluctuate between 4 and 7 cases per 1,000 
beneficiaries, increase with age, and are 3 times higher in females 
than in males (17,18). However, no such studies have been con-
ducted in the Commonwealth of Puerto Rico. The most recent 
attempt to estimate the prevalence of RA in Puerto Rico dates 
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back to 1964 and was specific to the municipality of Guaynabo 
using a survey instrument to ascertain cases (21). Results from 
studies conducted in the US may not be wholly extrapolated to 
the Puerto Rican population, which has different genetic, environ-
mental, and social contributing factors than that of the mainland 
US. Health care initiatives to treat RA in Puerto Rico, based on 
findings from studies conducted elsewhere, may lead to ineffec-
tive policies and poor resource allocation to treat this, as well as 
other rheumatologic conditions, in the Puerto Rican population.

Approximately 3.5 million individuals live in the Common-
wealth of Puerto Rico, and ~46% of the population is covered 
through the Mi Salud health care plan (MSHP), a federally funded 
health insurance program. The MSHP insurance includes the 
Medicaid Program, the Children’s Health Insurance Program, and 
the Medicaid–Medicare dual eligible program and is administered 
by the Administración de Servicios de Salud (ASES) of Puerto 
Rico. The MSHP administrative health claims data set is under 
the custody of the ASES and is the largest and most inclusive in 
the Puerto Rican population. This data set contains information 
on medical and pharmacy claims for all Medicaid and Medicaid–
Medicare dually eligible beneficiaries in Puerto Rico, ~1.5 million 
lives per year (22,23).

The current study aims to provide the first characterization 
of RA in Puerto Rico since the 1964 survey was carried out (21). 
The objectives of this study were the following: 1) to estimate 
the prevalence of RA among Medicaid and Medicaid–Medicare 
dually eligible beneficiaries in Puerto Rico; 2) to characterize RA 
prevalence by beneficiaries’ sociodemographics; 3) to describe 
dispensing patterns and median costs of DMARDs for RA cases 
by DMARD category and prescribing physician specialty using 
pharmacy claims and beneficiaries as the unit of analysis; and 4) 
to illustrate how the prevalence of RA varies as a function of case 
definition. The results of this study may facilitate the implemen-
tation of future interventions directed toward improving resource 
allocation, medical and pharmaceutical policies, and health out-
comes for the treatment of RA in Puerto Rico. In addition, the 
study findings will provide valuable information on the importance 
of using a valid RA case definition when estimating RA prevalence 
using administrative health claims.

MATERIALS AND METHODS

Study design and data source. This study followed 
a cross-sectional review of medical and pharmacy claims for 
 Medicaid and Medicaid–Medicare dually eligible beneficiaries ≥20 
years of age from the Puerto Rican MSHP during 2016. Benefi-
ciaries ≥20 years of age with continuous enrollment in the MSHP 
and ≥1 medical claim for RA during the study period were included 
in the study. All data arrangements and statistical analyses were 
conducted using SAS software, version 9.4.

Case definition. This study used a validated algorithm and 
a variation of the validated algorithm to identify RA cases. The 
validated algorithm classified beneficiaries with ≥3 unique med-
ical claims for RA separated by ≥7 days and ≥1 prescription for 
a DMARD as cases of RA (20). The variation required the same 
capturing algorithm with the additional criteria that only medical 
and pharmacy claims from a physician specializing in gener-
al medicine, rheumatology, internal medicine, or family medicine 
be included. The variation of the validated algorithm was used 
to answer objectives 1–3, and both algorithms were used to es-
timate the prevalence of RA. The purpose of using the variation 
was 2-fold: 1) to test the robustness of the validated algorithm 
when only RA claims from primary care providers and rheuma-
tologists were included; and 2) to describe the dispensing pat-
terns and median costs of DMARDs for RA cases by DMARD 
category and prescribing physician specialty. Medical claims 
for RA were identified by searching for paid claims containing 
ICD, Tenth Revision codes starting with M05 or M06. National 
Drug Codes were used to identify all paid pharmacy claims for 
DMARDs.

Other variables. The following information was requested 
from the MSHP for all the beneficiaries identified as cases of RA: 
age, sex, MSHP geographic area, specialty of the physician sub-
mitting the medical claim, specialty of the physician submitting 
the DMARD claim, name of the dispensed DMARD, and cost 
reimbursed to the pharmacies by the MSHP for each dispensed 
DMARD.

Prevalence. The prevalence of RA among beneficiaries of 
the MSHP was defined as the proportion of beneficiaries ≥20 
years of age classified as cases of RA from January 1, 2016 to 
December 31, 2016 using the validated algorithm and the vali-
dated algorithm variation, divided by the number of beneficiaries 
of the MSHP age ≥20 years at midpoint during 2016. The prev-
alence of RA was also described by age group, sex, and MSHP 
geographic region.

Drug dispensing and cost. Dispensing and costs of 
DMARDs using pharmacy claims as the unit of analysis. All 
pharmacy claims for DMARDs for each of the RA cases were 
identified and stratified by DMARD name, DMARD type (i.e., 
conventional synthetic and biologic or targeted synthetic), and 

SIGNIFICANCE & INNOVATIONS
• This is the first study in over 50 years to estimate 

and describe the prevalence of rheumatoid arthri-
tis (RA) in Puerto Rico.

• This study describes drug dispensing patterns and 
costs of conventional synthetic disease-modifying 
antirheumatic drugs (DMARDs) and biologic or tar-
geted synthetic DMARDs by prescribing physician’s 
specialty.

• This study highlights how different case ascertainment 
algorithms affect the estimated prevalence of RA.
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the specialty of the prescribing physician (i.e., general medicine, 
rheumatology, internal medicine, or family medicine). Conven-
tional synthetic DMARDs (csDMARDs) included methotrexate, 
leflunomide, sulfasalazine, and hydroxychloroquine. Biologic or 
targeted synthetic DMARDs (b/tsDMARDs) included 5 tumor 
necrosis factor inhibitor (TNFi) biologics (etanercept, adali-
mumab, golimumab, certolizumab, and infliximab), 3 non-TNFi 
biologics (abatacept, tocilizumab, and rituximab), and the syn-
thetic small molecule tofacitinib.

Dispensing and costs of DMARDs using RA cases as the 
unit of analysis. Dispensing of DMARDs by RA cases was strat-
ified by the prescriber’s specialty. Beneficiaries who received 
DMARDs from multiple prescriber specialties during the study 
period were assigned to the combination of specialties (COS) 
group. The median number of DMARDs dispensed to patients 
with RA by physician specialty group during the study period 
was calculated. Also, the median payment to pharmacies by the 
MSHP for RA patients receiving csDMARDs only, b/tsDMARDs 
only, or csDMARD and b/tsDMARD combination by prescribing 
physician specialty group was estimated. In addition to the me-
dian payments per dispensed DMARD category and physician 
specialty group, the overall median payments for all DMARDs dis-
pensed per DMARD category and physician specialty group were 
estimated. Pharmacy payments per dispensed b/tsDMARDs  
were based on a 30-day supply or its equivalent. Payments for 
csDMARDs could represent a 30- or 90-day supply, as reflected 
by reimbursement to the pharmacy.

Sensitivity analysis. A sensitivity analysis was conducted 
to test the robustness of the estimated prevalence of RA using the 
validated algorithm and the validated algorithm variation. Each of 
the 2 algorithms was further subdivided into 5 different scenarios. 
The first, second, and third scenarios defined RA cases as ben-
eficiaries with ≥1, ≥2, or ≥3 medical claims for RA, respectively. 
Scenario 4 defined RA cases as beneficiaries with ≥2 medical 
claims for RA and ≥1 pharmacy claim for a DMARD, and scenario 
5 defined RA cases as beneficiaries with ≥3 medical claims for  
RA and ≥1 pharmacy claim for a DMARD.

RESULTS

Prevalence of RA. A total of 22,616 medical claims from 
generalists, rheumatologists, internists, and family physicians with 
a mention of RA were identified from the pool of 1,075,032 Medicaid  
and Medicaid–Medicare dually eligible beneficiaries ≥20 years of 
age during 2016. The claims were generated by 8,787 beneficiar-
ies, of which 3,294 met the definition of ≥3 RA medical claims. 
After applying the ≥1 prescription for a DMARD from any of the 4 
selected physician specialties criteria, the total number of cases 
was reduced to 2,036. Therefore, the estimated prevalence of RA 
was 2 cases per 1,000 beneficiaries. The prevalence of RA among 
females was 3 per 1,000 beneficiaries, 4.5 times that of males. 

RA prevalence increased with age; the highest prevalence was 
found in the 65–69 and 70–74 age groups, both with nearly 5 
cases per 1,000 beneficiaries (Figure 1). The prevalence by MSHP 
geographic region ranged from 1 to 2 cases per 1,000 beneficiar-
ies. The MetroNorth, East, and Northeast regions had the highest 
prevalence (Figure 2).

Drug dispensing and cost of DMARDs. DMARD dispens-
ing and cost using pharmacy claims as the unit of  analysis. The 
2,036 RA cases generated a total of 18,952 pharmacy claims, 
of which 10,814 (57%) were for b/tsDMARDs, and 8,138 (43%) 
were for csDMARDs. Of the b/tsDMARD prescriptions, 8,862 
(82%) were for TNFi agents, and 1,952 (18%) were for non-TNFi 
agents. Hydroxychloroquine (23%) and methotrexate (18%) were 
the leading dispensed csDMARDs, and adalimumab (24%) and 
etanercept (17%) were the leading dispensed b/tsDMARDs  
(Table 1). Rheumatologists prescribed 13,997 (74%) of the  
dispensed DMARDs, followed by internists, with 2,804 (15%),  
generalists, with 1,856 (10%), and family physicians, with 295 (1%).

Dispensing and costs of DMARDs using RA cases as the 
unit of analysis. Of 2,036 RA patients, 895 (44%) filled 5,226 
prescriptions for csDMARDs only, 649 (32%) filled 5,803 pre-
scriptions for b/tsDMARDs only, and 492 (24%) filled 7,923 pre-
scriptions for csDMARDs and b/tsDMARDs. Additionally, 1,037 

Figure 1. The prevalence of rheumatoid arthritis (RA) among 
beneficiaries who met the RA validated algorithm variation definition 
by age group during 2016 (n = 2,036).
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Figure 2. The prevalence of rheumatoid arthritis (RA) among 
beneficiaries who met the RA validated algorithm variation definition 
by region during 2016 (n = 2,033). Three beneficiaries lacked 
information for region. MSHP = Mi Salud health care plan.
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(51%) of the RA cases received their filled DMARD prescriptions 
from rheumatologists only, 380 (19%) from the COS group, 294 
(14%) from internists only, 270 (13%) from generalists only, and 
55 (3%) from family physicians only (Table 2). The median pay-
ment to pharmacies by the MSHP per b/tsDMARD prescription 
dispensed, among beneficiaries receiving b/tsDMARDs only, 
was similar for beneficiaries in each of the 5 prescribing groups, 
ranging from $3,809 from generalists to $3,953 from the COS 
group. The beneficiaries filling csDMARDs only generated medi-
an payments to the pharmacies, ranging from $51 from family 
physicians only to $79 from internists only. Among beneficiaries 
filling csDMARD and b/tsDMARD prescriptions, those receiving 
prescriptions from internists only generated the highest medi-
an payment to pharmacies per dispensed prescription ($2,728). 
However, beneficiaries filling prescriptions from rheumatologists 
only and the COS group had the highest median number of dis-
pensed prescriptions for csDMARDs and b/tsDMARDs per ben-
eficiary, with 14 each. Beneficiaries from the COS group made 
up 19% of the prevalent cohort and yet accounted for 25% of 
all pharmacy claim payments. The highest median payment 
to pharmacies by the MSHP for all DMARDs dispensed per 
beneficiary was observed for the group of beneficiaries filling  
csDMARD and b/tsDMARD prescriptions from rheumatologists 
only ($39,707), followed by beneficiaries filling b/tsDMARDs only 
from the COS group ($39,428) (Table 3).

Sensitivity analysis findings. Beneficiaries classified as 
RA cases using the validated algorithm variation had a preva-
lence ranging from 8 to 3 cases per 1,000 beneficiaries when the 
case definition varied from ≥1 to ≥3 RA claims. When RA cases 
with ≥2 medical claims were further restricted to also having ≥1 
 prescription for a DMARD, the estimated prevalence was 3 cases 
per 1,000 beneficiaries (Table 4).

Beneficiaries classified as RA cases using the validated algo-
rithm had a prevalence ranging from 27 to 6 cases per 1,000 

beneficiaries when the case definition varied from ≥1 to ≥3 RA 
claims. When RA patients with ≥2 or ≥3 medical claims were 
 further restricted to also having ≥1 prescription for a DMARD, the 
estimated prevalence was 4 or 3 cases per 1,000 beneficiaries, 
respectively (Table 4).

DISCUSSION

Although some studies have described the utilization of  
csDMARDs and b/tsDMARDs among Medicaid beneficiaries  
(24–26), to the best of our knowledge, this is the first study measur-
ing the prevalence of RA in a specific group of Medicaid and dually 
eligible beneficiaries. The prevalence of RA between Medicaid and  
Medicaid–Medicare dually eligible beneficiaries ≥20 years of age in 
the Commonwealth of Puerto Rico was determined to be 2 cases 
per 1,000 beneficiaries. This prevalence is slightly lower than pre-
viously reported estimates using health administrative claims in 
the US, which fluctuate between 5 and 7 cases per 1,000 ben-
eficiaries (17,18). However, the differences may be explained by 
variations in study designs and case-capturing algorithms.

The first variation is the population under investigation. The 
current study used beneficiaries from the Medicaid and Medicaid– 
Medicare dually eligible programs in Puerto Rico, whereas previ-
ous studies have used administrative claims data sets based on 
information from private health insurance (17,18). Individuals enti-
tled to publicly funded health insurance have reduced access to 
care compared to privately insured beneficiaries, possibly leading 
to underestimation in the prevalence of RA (27,28).

The second variation is the RA case definition. The current 
study used an algorithm combining medical and prescription 
information for RA case ascertainment due to its high positive pre-
dictive value (20). In contrast, previous studies have excluded pre-
scription claims as a requirement for case ascertainment, allowing 
for higher inclusion of potential RA cases and higher estimates 
of the prevalence (17,18). The prevalence of RA calculated in the 
current study more closely matches the results of a study con-
ducted in Korea (3 cases per 1,000 beneficiaries), where having 
≥1 RA medical claim and ≥1 DMARD prescription within 1 year 
was used to identify cases of RA (1).

The third variation is the length of the study period. Studies 
have shown that more years of administrative claims data increase 

Table 1. Distribution of disease-modifying antirheumatic drugs 
prescribed by rheumatology, internal medicine, family medicine, or 
general medicine physicians to patients with rheumatoid arthritis 
during 2016 (n = 18,952)*

Medication Paid prescriptions
Etanercept 3,122 (16)
Adalimumab 4,613 (24)
Golimumab 835 (4)
Certolizumab 278 (1)
Infliximab 14 (<1)
Abatacept 1,340 (7)
Tocilizumab 78 (<1)
Rituximab 9 (<1)
Tofacitinib 525 (3)
Hydroxychloroquine 4,326 (23)
Methotrexate 3,383 (18)
Leflunomide 426 (2)
Sulfasalazine 3 (<1)

* Values are the number (%). 

Table 2. Distribution of beneficiaries with rheumatoid arthritis 
receiving prescriptions for disease-modifying antirheumatic drugs by 
physician specialty group (n = 2,036)*

Physician specialty group Beneficiaries
General medicine only 270 (13)
Rheumatology only 1,037 (51)
Internal medicine only 294 (14)
Family medicine only 55 (3)
Combination of specialties 380 (19)

* Values are the number (%). 
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RA prevalence estimates (29). In the current study, data were 
obtained for 2016 only; therefore, incident and less severe cases 
could have been missed when using the more stringent scenarios 
(i.e., ≥3 RA medical claims). An attempt to be more case inclusive 
was made in the sensitivity analysis. In the less stringent scenario 
(i.e., ≥1 RA medical claim), the estimated prevalence was 8 cases 
per 1,000 beneficiaries when using the variation of the validated 
algorithm. The estimated prevalence using the less stringent sce-
nario may be more effective at capturing incident or less severe 
cases at the expense of including some false positives. Future 
studies in this specific population should include longer observa-
tion periods to corroborate the estimated prevalence.

This study estimated a higher prevalence of RA among 
females and older age groups. The female to male ratio was 
4:1, similar to the prevalence ratio estimated in the Korean study 
including medical and pharmacy claims as part of the case defi-
nition algorithm (1). Other studies using medical claims only have 
reported female to male prevalence ratios of 3:1 (17,18). However, 

studies using medical records or questionnaires to identify RA 
cases have estimated smaller female to male prevalence ratios 
(30–32). These discrepancies may be due to methodologic dif-
ferences in identifying RA cases, as claims-based algorithms 
(1,17,18) have consistently estimated greater female to male ratios 
of RA cases than medical record reviews or questionnaires (30–
32). Claims-based algorithms, especially those including DMARD 
claims, may be more sensitive to RA in women because women 
typically present with higher disease activity and are more likely 
to fill b/tsDMARD prescriptions (33,34). In the current study, the 
prevalence of RA increased with age, peaking around the group of 
beneficiaries ages 65–75 years. This finding is similar to the results 
of other studies that have reported an increase in the prevalence 
of RA up to a certain age, followed by a slow decline (1,18). No 
significant differences in the estimated prevalence by geographic 
region were found.

The current study found that more b/tsDMARDs (57%) than 
csDMARDs (43%) were dispensed to beneficiaries with RA, and 

Table 3. Dispensing and costs of disease-modifying antirheumatic drugs (DMARDs) at the beneficiary level by prescribing 
physician specialty group and the category of DMARDs received (n = 2,036)*

Physician specialty 
group and DMARD 

category Beneficiaries
Pharmacy 

claims

Median no. of 
pharmacy claims 
per beneficiary

Median cost per 
pharmacy claim per 

beneficiary

Median cost for all 
pharmacy claims 
per beneficiary

General medicine only
csDMARD 163 (60) 718 (46) 3 $53 $197
b/tsDMARD 76 (28) 474 (30) 7 $3,809 $26,808
Combination 31 (12) 379 (24) 11 $2,228 $27,788

Rheumatology only
csDMARD 413 (40) 2,404 (24) 4 $55 $197
b/tsDMARD 398 (38) 3,767 (37) 9 $3,943 $33,271
Combination 226 (22) 3,953 (39) 14 $2,666 $39,707

Internal medicine only
csDMARD 132 (45) 563 (26) 3 $79 $316
b/tsDMARD 92 (31) 762 (35) 8 $3,895 $30,583
Combination 70 (24) 869 (40) 13 $2,728 $30,952

Family medicine only
csDMARD 34 (62) 141 (47) 4 $51 $208
b/tsDMARD 16 (29) 105 (35) 7 $3,841 $26,624
Combination 5 (9) 53 (18) 9 $2,127 $29,525

COS
csDMARD 153 (40) 1,400 (29) 9 $64 $556
b/tsDMARD 67 (18) 695 (15) 10 $3,953 $39,428
Combination 160 (42) 2,669 (56) 14 $2,376 $36,207

* Values are the number (%) unless indicated otherwise. b/tsDMARD = biologic or targeted synthetic DMARD; combination = 
conventional synthetic DMARD (csDMARD) and b/tsDMARD; COS = combination of specialties. 

Table 4. Prevalence of rheumatoid arthritis (RA) for different case definitions with and without physician specialty restrictions 
during 2016*

RA case definition

≥1 
claim 
for RA

≥2 
claims 
for RA

≥3 
claims 
for RA

≥2 claims for RA 
and ≥1 claim for 

DMARD

≥3 claims for RA 
and ≥1 claim for 

DMARD
Using medical and pharmaceutical claims†

Prevalence × 1,000 beneficiaries 8 5 3 3 2
Using medical and pharmaceutical claims  

 from any provider
Prevalence × 1,000 beneficiaries 27 10 6 4 3

* DMARD = disease-modifying antirheumatic drug. 
† Claims from rheumatology, internal medicine, family medicine, or general medicine physician. 



HERNÁNDEZ-MUÑOZ ET AL 204       |

the top dispensed b/tsDMARDs were adalimumab and etaner-
cept, accounting for 72% of all the prescriptions dispensed for  
b/tsDMARDs to patients with RA. The use of newer b/tsDMARDs 
such as abatacept, golimumab, tocilizumab, tofacitinib, and cer-
tolizumab accounted for ~28% of all prescriptions dispensed 
to patients with RA for b/tsDMARDs during the study period. 
Hydroxychloroquine (53%) and methotrexate (42%) were the 
leading prescribed csDMARDs. A similar tendency in the utiliza-
tion of DMARDs among publicly and privately insured beneficia-
ries with RA in the US has been reported elsewhere (26,35,36). 
For example, studies describing the utilization of b/tsDMARDs for 
RA among beneficiaries with publicly or privately funded insurance 
in the US have reported that adalimumab and etanercept account 
for approximately three-fourths of all b/tsDMARD prescriptions 
and that methotrexate and hydroxychloroquine are the top pre-
scribed csDMARDs (35,36).

Similar to the findings of a recently published systematic 
review (37), our study found that approximately one-third of RA 
beneficiaries received b/tsDMARD therapy only. Multiple stud-
ies have shown a higher rate of success when b/tsDMARDs 
are used in combination with csDMARDs, especially metho-
trexate, as measured by clinical response, drug regimen persis-
tence, and adherence (33,38–40). The only b/tsDMARDs with 
evidence for monotherapy efficacy comparable to that of com-
bination therapy are tofacitinib, tocilizumab, and upadacitinib 
(41–43). However, the Surprise study more recently found that in 
patients taking methotrexate, adding tocilizumab to methotrexate 
rather than switching to tocilizumab from methotrexate resulted 
in improved clinical efficacy (44). In the current study, among RA  
beneficiaries receiving their medical care from rheumatologists only, 
40% filled prescriptions for csDMARDs only, 38% for b/tsDMARDs  
only, and only 22% filled prescriptions for csDMARD and b/
tsDMARD combination therapy. A similar trend was found in 
beneficiaries seeking care from the other specialty groups. The 
exception was the group receiving care from COS, as most were 
on a combination of csDMARDs and b/tsDMARDs (42%), fol-
lowed by csDMARDs only (40%), and b/tsDMARDs only (18%). 
Since DMARD dispensing patterns showed that placing RA ben-
eficiaries on combination therapy was the less observed option, 
except for the COS group, efforts should be made to encourage 
the adoption of evidence-based pharmacotherapeutic guidelines 
(45). The deviation mentioned above occurred even though rheu-
matologists prescribed 74% of the dispensed DMARDs for RA. 
However, the cross-sectional nature of this study limits our ability 
to further characterize dispensing patterns between incident and 
prevalent cases and the treatment recommendations associated 
with these labels.

As expected, RA beneficiaries filling prescriptions for csDMARD  
and b/tsDMARD combination therapy were the group that gener-
ated the highest median number of prescriptions during the study 
period. Within this group, beneficiaries seeing only rheumatolo-
gists filled the most DMARD prescriptions (14 prescriptions/year), 

followed by COS (14 prescriptions/year), internists only (13 pre-
scriptions/year), generalists only (11 prescriptions/year), and fam-
ily physicians only (9 prescriptions/year). Among RA beneficiaries 
with prescriptions for noncombination therapies (i.e., csDMARDs 
only or b/tsDMARDs only), those who sought care from COS 
filled the highest number of prescriptions and generated the high-
est median payment to the pharmacy for each of the 2 DMARD 
categories as compared to RA patients who filled prescriptions 
from 1 of the 4 selected specialists only. The higher median num-
ber of prescriptions for csDMARDs only or b/tsDMARDs only per 
beneficiary-year for the COS group suggests that this group ini-
tiated more drug regimen combinations with lower persistence. 
Beneficiaries who visited a combination of providers may have rep-
resented newly diagnosed RA cases as they moved from primary 
care providers (e.g., generalists and internists) to rheumatologists. 
During this initial phase of RA, these beneficiaries were likely trying 
different therapies and doses, resulting in more medication claims. 
Further incidence studies should be conducted to determine the 
prescription and cost patterns within incident cases.

This study showed similar median costs per b/tsDMARDs 
dispensed for all the specialty groups, from $3,809 for beneficia-
ries receiving their prescriptions from generalists only to $3,953 
for those receiving prescriptions from the COS group, a relative 
increase of 4%. In contrast, the median costs per dispensed  
csDMARD ranged from $51 for those receiving prescriptions from 
family physicians only to $79 for those receiving prescriptions from 
internists only, a relative increase of 55%. The minimal variation 
in the median reimbursement to the pharmacy for the dispensed 
b/tsDMARDs corroborates consistent dispensing of a 30-day 
supply of b/tsDMARDs, while the high variation in the median 
reimbursement per dispensed csDMARD reflects dispensing for 
30- or 90-day supplies. Since the use of csDMARDs in various 
combinations has been shown to control RA effectively, especially 
in early disease, this option should be explored before initiating  
b/tsDMARDs in an effort to further control costs (46). Interestingly, 
COS was the only group for which the total cost of csDMARD 
and b/tsDMARD combination treatment per beneficiary-year was 
lower than the total cost of b/tsDMARDs only ($36,207 versus 
$39,428). A possible explanation is that the prescribed regimen in 
this group consisted of a higher ratio of csDMARD to b/tsDMARD  
claims. As the combination of a b/tsDMARD plus multiple  
csDMARDs has been shown to be more effective than that of 
a b/tsDMARD plus a single csDMARD, prescribing multiple  
csDMARDs with b/tsDMARD agents may be an effective strat-
egy for leveraging the clinical benefits of the csDMARD and  
b/tsDMARD combination regimen while reducing total medication 
costs per year (40).

In this study, the sensitivity analysis showed a significant 
increase in the estimated prevalence of RA when changing the 
definition for case ascertainment from ≥3 medical claims to 
≥1 medical claim. The increase in prevalence was observed for 
the validated algorithm and the validated algorithm variation. As 
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the definition became more rigorous (i.e., from ≥1 to ≥3 medical 
claims), the difference in the estimated prevalence between the 2 
algorithms became less noticeable, approaching nearly 0 for the 
scenario requiring ≥3 medical claims and ≥1 DMARD claim. Add-
ing the criteria that RA claims must be generated by physicians 
from 1 of 4 selected specialties to the validated algorithm did not 
greatly reduce its prevalence estimate, providing further evidence 
for its high positive predictive value (20).

Future studies on this population should adopt a longitudinal 
design to differentiate between incident and prevalent cases of RA 
and to better describe the similarities and differences in DMARD 
dispensing and associated costs by prescribing physician spe-
cialty between these 2 groups. It should also be mentioned that 
the reported prevalence may have underestimated the true prev-
alence of RA in Puerto Rico, as the studied population represents 
an underserved group with potential barriers to care access 
(27,28), and the elements to estimate the prevalence of RA in this 
study were based on the assumption that beneficiaries were using 
the medical and pharmacologic resources available to them.
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Treat-to-Target Approach in Rheumatoid Arthritis: 
A Quality Improvement Trial
Sonali P. Desai,1  Cianna Leatherwood,2 Malka Forman,1 Eunji Ko,3 Emma Stevens,1  Maura Iversen,4

Chang Xu,1 Bing Lu,1 and Daniel H. Solomon1

Objective. Using a quality improvement approach, our objective was to integrate a treat-to-target approach 
for rheumatoid arthritis (RA) through routine electronic collection of patient-reported disease activity scores and a 
multidisciplinary learning collaborative for rheumatologists.

Methods. RA patients completed a patient-reported outcome measure, the Routine Assessment of Patient Index 
Data 3 (RAPID3), at check-in. Nine rheumatologists and their patients were allocated to a learning collaborative 
intervention group focused on a treat-to-target approach and 13 were allocated to a control group. The primary outcome 
was documentation of a treat-to-target implementation score: disease activity score, disease activity score used in 
the medication change decision, the presence of a treatment target, and an indication of shared decision-making. A 
primary analysis of patient visits with medication changes was conducted using an interrupted time-series analysis.

Results. We studied 554 individual rheumatology patients with 709 patient visits. Treat-to-target implementation 
scores among intervention rheumatologists (mean ± SD 44.6% ± 1.63%) were 12.4% higher than in the control 
group (mean ± SD 32.2% ± 1.50%; P < 0.0001). We observed differences in treat-to-target implementation score 
components, comparing intervention group to control group rheumatologists: disease activity score present, 77.2% 
versus 68.0% (P = 0.02); disease activity score used in the medication change decision, 45.2% versus 30.0%  
(P < 0.01); treatment target, 9.0% versus 0.4% (P < 0.01); and shared decision-making, 46.9% versus 30.0% (P < 0.01).  
Secondary analysis of patient visits with high RAPID3 scores found that medication changes were 54% less likely in 
the intervention versus control group (odds ratio 0.46 [95% confidence interval 0.27–0.79], P = 0.005).

Conclusion. This nonrandomized, interrupted time-series trial demonstrated a modest but significant impact of a 
learning collaborative intervention on rheumatologist documentation of a treat-to-target approach in RA.

INTRODUCTION

The management of rheumatoid arthritis (RA) has changed 
considerably over the past 20 years, after the approval of etaner-
cept in 1998 as the first biologic disease-modifying antirheumatic 
drug (DMARD) to treat patients in moderate or high disease activity 
(1). With the advent of over a dozen biologic and targeted thera-
pies and the knowledge that early, aggressive treatment strate-
gies can improve long-term outcomes in RA, research has shifted 
focus to the adoption of a treat-to-target (TTT) strategy (2,3). A 
TTT approach encompasses 4 elements: the presence of a dis-
ease activity score, inclusion of the disease activity score in the 
decision to change the medication, the presence of a treatment 

target (i.e., remission, low, moderate, or high), and the presence 
of shared decision-making.

A recent trial demonstrated that a learning collaborative 
could improve implementation of TTT across multiple rheumatol-
ogy practices without an increase in adverse effects (4,5). How-
ever, showing that TTT can be successful and sustainable outside 
of a randomized controlled trial setting remains a challenge (6). 
Successful implementation of TTT necessitates multiple practice 
improvements: the regular use of disease activity measures, the 
determination of a disease activity target, the use of a disease 
activity measure in the decision to change medications, and 
shared decision-making, with incorporation of patient preferences 
when determining targets and medication changes (7).
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We sought to integrate a TTT strategy for RA management 
into our usual academic rheumatology practice through a quality 
improvement intervention, using 2 key approaches. First, we cre-
ated an automated process for electronic patient-reported out-
come implementation at the point-of-care, using electronic tablets 
(i.e., iPads) to collect Routine Assessment of Patient Index Data 3 
(RAPID3) questionnaires (8). Second, we used a modified learning 
collaborative intervention coupled with email reminders, to impact 
adoption of TTT documentation among rheumatologists and use 
of a TTT approach at visits when patients were in high disease 
activity, to assess whether medication changes were made.

SUBJECTS AND METHODS

Study design and patient population. We performed a 
controlled trial to evaluate the impact of a multidisciplinary learning 
collaborative on the use of a TTT approach for management of 
adults with RA. The study was conducted as a quality improve-
ment effort, and we allocated rheumatologists and their patients 
to the learning collaborative intervention or a wait-list control in 
a nonrandom fashion. Institutional review board approval was 
sought and waived by the Partners Human Research Committee, 
including a requirement for written informed consent.

The study setting was a rheumatology practice at a large 
academic medical center, delivering community-based and tertiary 
care for RA patients. In May 2017, we deployed a new method 

of collecting a patient-reported outcome for RA disease activity 
using the RAPID3. The RAPID3 is a validated RA disease activity 
questionnaire completed by patients and includes a patient phys-
ical function measure, global health assessment, and global pain 
score (8). All patients with RA, based on an International Statisti-
cal Classification of Diseases and Related Health Problems, Tenth 
Revision (ICD-10) billing diagnosis code in the electronic medical 
record, were given a tablet when they checked in for their rheuma-
tology visit. Patients filled out the RAPID3 questionnaire electron-
ically while in the waiting room or after entering the examination 
room, and the results of the completed questionnaire were auto-
matically uploaded in real-time to the electronic medical record. 
RAPID3 scores were reported with their raw score and catego-
rized into remission, or low, moderate, or high disease activity. 
These data were available immediately to rheumatologists during 
office visits with RA patients.

There were 22 rheumatologists who participated; 9 were 
assigned to the learning collaborative intervention and 13 to the 
wait-list control group for the study period, from June 2017 to 
August 2018. During this period, we included all patients with a 
diagnosis of RA seen during an office visit by a rheumatologist 
in the intervention or control groups. The RA diagnosis for study 
inclusion was based on ICD-10 billing diagnosis codes combined 
with manual chart review of rheumatologist office notes done by 
trained research staff (MF, EK, and ES). Patients could contribute 
>1 visit during the study period.

We analyzed 2 overlapping patient populations in this qual-
ity improvement effort. The first group of patients, used for the 
primary analysis, included RA patients with a medication change 
from June 2017 to August 2018. Medication changes were 
defined as the addition of a new medication, an increase or 
decrease in the dose or frequency, or a discontinuation of an exist-
ing medication. The second patient group, used for the secondary 
analysis, included RA patients from July 2017 to May 2018 where 
the RAPID3 score demonstrated high disease activity. Neither of 
the study team rheumatologists (SPD and DHS) nor their patients 
were included in the analyses.

Intervention. The learning collaborative was a modified 
version of the Institute for Healthcare Improvement’s model for 
quality improvement, with the goal of increasing the use of the 
TTT approach for the management of RA (9). During the 9 learning 
collaborative sessions held between August 2017 and September 
2018, a multidisciplinary group consisting of the intervention rheu-
matologists, rheumatology clinic nurses, rheumatology adminis-
trative leadership, and the study team was assembled for a series 
of 1-hour meetings. The learning collaborative content included 
introduction of the TTT strategy for RA, patient-reported out-
come measures, shared decision-making, medication adherence, 
and strategies to promote patient engagement.

Facilitated discussion during the monthly meetings allowed  
for robust debate and best-practice sharing among the intervention  

SIGNIFICANCE & INNOVATIONS
• Integrating a treat-to-target approach for rheuma-

toid arthritis management into real-world rheu-
matology practice remains a challenge despite 
promising randomized controlled trial data.

• Our study successfully measured electronic patient- 
reported outcomes using the Routine Assessment 
of Patient Index Data 3 on tablets in the waiting  
room, integrated disease activity measures into 
the electronic medical record in real-time for use 
during the office visit, and engaged in shared  
decision-making with patients when medication 
changes were made.

• A learning collaborative model provides a quality 
improvement strategy to educate rheumatologists 
and clinic staff on treat-to-target, provides data on 
performance, and debates and discusses the chal-
lenges and opportunities around a treat-to-target 
approach; our study found this model to be effec-
tive.

• We unexpectedly found that medication changes 
were not made by intervention rheumatologists, 
even when disease activity was high, but most of-
ten the reason for not changing medications was 
due to the perception by the rheumatologist that 
medication was in fact working, or due to patient 
comorbidities.
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rheumatologists. Intervention rheumatologists also received  
monthly emails with reminders encouraging TTT documentation 
in their office notes. A standardized phrase was developed in the 
electronic measure to facilitate documentation of TTT in rheuma-
tologist office notes, which included the disease activity score and 
documentation of shared decision-making. The language from 
this standardized phrase that indicated shared decision-making 
was: “We discussed the benefits, risks, and alternatives of each 
option; the patient was able to demonstrate understanding of the 
issues, and we agreed upon the plan as documented above.” We 
sent individual emails to the doctors with their own TTT implemen-
tation scores periodically and specific examples extracted from 
chart reviews of their patient visits that demonstrated shared deci-
sion-making, as well as blinded data of how their rheumatologist 
peers were performing on TTT documentation.

Outcome measures. Primary outcome. The primary out-
come was documentation of a TTT implementation score in 
rheumatology office notes at visits where a medication change 
was made. We calculated the TTT implementation score as a 
percentage completion of all 4 elements and measured at the 
visit level where medication changes were made. There were 
2 exceptions when the TTT implementation score was calcu-
lated using a percentage completion of 3 elements, excluding 
shared decision-making: 1) visits where medication changes 
were not made, and 2) visits where the same medication’s dose 
was increased or decreased, such as methotrexate or infliximab. 
The treatment target was defined based on the medical record 
note; in almost all patients this target was remission or low dis-
ease activity.

RAPID3 completion rates on the iPad questionnaires 
were measured on a weekly basis. Rates of completion were 
emailed to the front-desk staff and rheumatology clinic manage-
ment, to encourage continuous improvement in the process of 
optimizing completion rates. The study team provided additional 
support and checked in regularly with the front desk staff, medical 
assistants, rheumatology practice leadership, IT technical team, 
and patients, to continually improve the process for RAPID3 data 
collection using tablets.

Shared decision-making was characterized as the process of 
patient and physician communication around a health care deci-
sion, based on the National Quality Forum definition (10). Rheuma-
tologist office notes at patient visits with medication changes were 
reviewed in detail for the presence of: 1) information about medi-
cation options and their risks and benefits, 2) tailored information 
for the individual patient regarding their other medical comorbidi-
ties, and 3) incorporation of the patient preferences, values, and 
concerns in the treatment decision. Shared decision-making was 
defined as having been met if the office note contained either 1 
or 2 and the presence of 3. All shared decision-making docu-
mentation obtained from chart review of patient office notes was 
independently reviewed by the study team (SPD, CL, MF, ES, and 

MI), and discrepancies were resolved through discussion until 
consensus was reached.

Secondary outcome. We measured whether a medica-
tion change was made at visits where the RAPID3 indicated 
the patient had high disease activity as our secondary out-
come. This outcome measured whether a TTT approach was 
used, as evidenced by the rheumatologist deciding to change 
a medication in response to high disease activity. Chart re-
view documented the reasons why a medication change was 
not made and was recorded using the following categories: 
effectiveness, medication side effects, route of administration, 
comorbidity, patient preference, cost, or insurance cover-
age. We defined effectiveness as a rheumatologist percep-
tion that medication was in fact working despite high disease 
activity, as measured by the RAPID3, or that medication may 
need more time to take effect.

Other covariates. Other covariates of interest were col-
lected at baseline (Table 1). Patient-level covariates included 
age, sex, race, ethnicity, RA disease duration, corticosteroid use, 
C-reactive protein level, the presence of erosions on radiographs, 
periarticular osteopenia on radiographs, and seropositivity (rheu-

Table 1. Baseline information of rheumatoid arthritis patients for 
primary and secondary analyses*

Baseline
Intervention 

(n = 313)
Control 

(n = 241)
Demographics

Age, mean ± SD years 60.62 ± 14.18 60.66 ± 15.28
Female 264 (84.35) 194 (80.50)
Race

White 251 (80.19) 182 (75.52)
African American 26 (8.31) 24 (9.96)
Asian 10 (3.19) 7 (2.90)
Hispanic 14 (4.47) 18 (7.47)
Other 12 (3.83) 10 (4.15)

Disease duration, mean 
± SD years

15.69 ± 12.30 13.63 ± 10.70

Seropositive 176 (69.02) 136 (65.38)
Current smoker 12 (3.83) 13 (5.39)
Medication use

Biologic DMARDs 43 (45.26) 37 (50.00)
Glucocorticoids 171 (54.63) 145 (60.17)
DMARDs 62 (19.81) 55 (22.82)
Opioids 87 (27.80) 62 (25.73)

Laboratory results
CCP positive 167 (78.04) 125 (77.16)
RF positive 172 (72.57) 136 (69.04)
CRP positive 68 (23.37) 40 (17.62)
ESR positive 142 (55.04) 112 (47.06)

Comorbidities
Fibromyalgia 16 (5.11) 10 (4.15)
Low back pain 14 (4.47) 18 (7.47)
Osteoarthritis 60 (19.17) 46 (19.09)

* Values are the number (%) unless indicated otherwise. CCP = cyclic
citrullinated peptide; CRP = C-reactive protein; DMARDs = disease-
modifying antirheumatic drugs; ESR = erythrocyte sedimentation 
rate; RF = rheumatoid factor. 
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matoid factor, citric citrullinated peptide or both). Rheumatologist- 
level covariates included age, sex, and years in practice.

We measured treatment satisfaction using the Treatment 
Satisfaction Questionnaire for Medication (TSQM) instrument and 
shared decision-making using the Shared Decision-Making Ques-
tionnaire 9 (SDM Q-9) (11,12). Data were collected from patients 
of rheumatologists in the intervention arm at baseline, through 
phone calls made by a team of pharmacists and pharmacy stu-
dents working with the study team. Patients were contacted 
between 2 and 4 weeks following a medication change.

Statistical analysis. We measured baseline character-
istics of the study population, evaluating the patients of inter-
vention and control rheumatologists, and characteristics of the 
rheumatologists themselves. We used t-tests or chi-square tests 

as appropriate. For the primary analysis, an interrupted time-se-
ries evaluated the impact of the learning collaborative on TTT 
implementation scores, comparing the pre- and postintervention 
periods for patient-level visits among intervention versus control 
rheumatologists and their patients. Interrupted time-series analy-
ses allow for comparing the impact of the intervention in the pre- 
and postintervention periods, assessing both the slope change 
and level change of TTT implementation scores over time. TTT 
implementation scores were calculated on a biweekly basis. Anal-
yses were conducted separately for patient-level visits in the inter-
vention and control group.

An interrupted time-series analysis was performed at the 
cohort level for all patient-level visits among intervention and 
control rheumatologists. Single patients could contribute >1 visit 
with a medication change during the study period. The time of 

Figure 1. Treat-to-target (TTT) scores for patient-visit level. Study population 1, with TTT score documentation pre- and postintervention 
with learning collaborative. The time period –12 weeks to time 0 is our preintervention period. The time of the intervention (T0) was defined as 
September 1, 2017, immediately following the first learning collaborative session. Blue indicates intervention rheumatologists’ patient-level visit 
biweekly TTT implementation score; green indicates control rheumatologists’ patient-level visit biweekly TTT implementation score. Color figure 
can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24114/abstract.
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the interruption was defined as September 1, 2017 immediately 
following the first learning collaborative session. Post hoc analyses 
compared the difference in TTT scores at each visit between inter-
vention and control groups following participation in the learning 
collaborative sessions using t-tests.

For the secondary analyses, patient visits with high disease 
activity by RAPID3 were assessed to measure whether a med-
ication change was made as a reflection of the implementation 
of a TTT approach. Random effects logistic regression models 
were developed to measure the odds of a medication change 
being made, assessing patient and rheumatologist-specific fac-
tors, after adjusting for the clustered structure of the data (i.e., 
visits within patients and patients within rheumatologists).

RESULTS

We studied 554 individual rheumatology patients, 313 
in the intervention group and 241 in the control group. 
The mean ± SD age of the population was 60.6 ± 14.7 years, 
with 82.7% female, 78.1% white, with a mean disease duration 
of 14.7 years, 67.2% seropositive, and 47.6% receiving biologic 
DMARDs (Table 1). Rheumatologists in the intervention group 
had a mean ± SD age of 52.0 ± 13.1 years, had been in prac-
tice for 25.0 ± 15.4 years, and were 55.6% female. Rheumatol-
ogists in the control group had a mean ± SD age of 48.0 ± 14.3 
years, had been in practice for 19.0 ± 16.3 years, and were 
52.6% female. From June 2017 to August 2018, 2,956 RAPID3 
surveys were completed by RA patients, with a mean monthly 
completion rate of 70%. We completed initial phone calls with 
114 patients in the intervention group to assess TSQM and 
SDM Q-9 scores. We found average baseline TSQM scores of 
72.8 for effectiveness, 85.0 for side effects, 89.5 for conve-
nience, and 77.5 for global satisfaction, and an average base-
line SDM Q-9 score of 90.7.

We completed chart reviews on 709 patient-level visits for the 
primary analysis. In this cohort of patients, the mean age was 59.8 
years, mean disease duration was 13.6 years, and 61.0% had 
seropositive RA (Table 1). At baseline, TTT implementation scores 
were 24.3% in the intervention group and 28.6% in the control 
group (P = 0.21). In our primary analysis with interrupted time- 
series, there was no significant difference found when comparing the  
pre- and postintervention slope or level change among the control  
or intervention groups. Post hoc analyses of TTT implementation 
scores at patient-level visits among rheumatologists who par-
ticipated in the learning collaborative were 12.4% higher than in 
the control group (44.6% versus 32.2%, respectively; P < 0.01) 
(Figure 1). For each component of the TTT implementation score, 
we observed differences in the documentation of TTT in the inter-
vention group after participation in the learning collaborative, 
compared to the control group: treatment target 9.0% versus 
0.4% (P < 0.01); disease activity score present 77.2% versus 
68.0% (P = 0.02); disease activity score used in decision to make 

a medication change 45.2% versus 30.0% (P < 0.01); and shared 
decision-making 46.9% versus 30.0% (P < 0.01).

In our secondary analysis, we identified 294 patient-level 
visits with high RAPID3 scores, and our primary outcome was 
whether medication changes were made (Figure 2). We found 
that medication changes were 54% less likely in patients of the 
intervention rheumatologists compared to the control rheu-
matologists’ patients (OR 0.46 [95% confidence interval (95% 
CI) 0.26–0.79], P = 0.005). In logistic regression using random 
effects models, we found that having a diagnosis of osteoarthritis 
was associated with a decreased odds of having a medication 
change (odds ratio [OR] 0.37 [95% CI 0.18–0.75], P = 0.006), 
but other rheumatologist-specific factors such as sex and years 
in practice as well as patient-specific factors, including disease 
duration and glucocorticoid use, were not found to be significant 
(Table 2). At patient visits with high disease activity where medica-
tion changes were not made, we found that in both the interven-
tion and control groups, the most frequently cited reason for not 
changing the medication was medication effectiveness, followed 
by patient comorbidities (Figure 3).

DISCUSSION

This nonrandomized, interrupted time-series study in a large 
academic rheumatology practice demonstrated an increase in the 
documentation of a TTT approach among patient-level visits for 
intervention rheumatologists. Although the interrupted time-series 
analysis was not statistically significant, in post hoc analyses, we 
found a 12% increase in the documentation of the TTT imple-
mentation score following learning collaborative participation. We 
also found an increase in documentation of each component of 
the TTT implementation score: treatment target, use of disease 
activity score in the decision to change a medication, and use of 
shared decision-making. In addition, we were able to engage our 
intervention rheumatologists in a set of robust discussions around 
the challenges and opportunities in implementing a TTT approach.

Implementing a successful, sustainable TTT approach in 
day-to-day rheumatology practice remains a challenge. This first 

Table 2. Secondary outcome of medication changes at patient-
level visits with high disease activity: predictors of medication 
changes at clinical visits among patients with high disease activity*

OR (95% CI)
Intervention group 0.46 (0.27–0.79)
Rheumatologist sex 1.68 (0.98–2.86)
Rheumatologist years in practice  

>10 years
1.23 (0.56–2.98)

Osteoarthritis 0.37 (0.18–0.75)
RA disease duration >10 years 1.94 (0.68–5.57)
Glucocorticoid use, current 1.73 (0.97–3.09)
Opioid use, current 1.40 (0.82–2.43)
Patient education college or above 0.61 (0.33–1.13)

* 95% CI = 95% confidence interval; OR = odds ratio; RA = rheumatoid 
arthritis. 
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step in adopting a TTT approach is to measure RA disease activity 
to help engage patients, and to provide rheumatologists with real-
time data during office visits to help manage RA. We success-
fully incorporated the routine collection of RAPID3, an RA disease 
activity measure, using tablets in the waiting room and integrating 
this information in real-time with our electronic medical record. 
RAPID3 completion rates by patients have remained steady at 
approximately 70% through May 2019, after we began this pro-
cess in May 2017.

In our electronic medical record, we have both the Clinical 
Disease Activity Index (CDAI) score and the RAPID3. From the 
standpoint of implementing a routine, standardized approach 
to measuring RA disease activity, the RAPID3 allows the ques-
tions to be programmed onto a tablet, filled out by the patients 
in the waiting room, and then uploaded to the electronic medical 
record for use during clinic visits. We found that to introduce a 
TTT strategy, we needed to have a reliable way to collect dis-
ease activity measures on each patient. Although the RAPID3 
has limitations and the CDAI is preferable, we do use the CDAI 

routinely in clinical practice. In our learning collaborative sessions 
and with our quality improvement team, we explored the con-
cept of shared decision-making in RA management (Table 3). 
Although our assessment of shared decision-making through 
chart review of rheumatologist office notes only reached 46.9% 
in the intervention group (versus 30.0% in the control group), 
our phone calls to patients to measure shared decision-making  
using the SDM Q-9 score demonstrated high scores of 90.7%. 
These findings highlight the challenges in measuring whether 
shared decision-making is truly occurring during office visits,  
but also highlight the fact that in our intervention patient pop-
ulation, the perception from patients around shared decision- 
making was quite positive. The questions that remain are 
whether shared decision-making should be mea sured solely 
based on the patient perspective and whether there truly is a 
gap in the quality of care around shared decision-making in 
RA management.

In our secondary analyses of 294 patient-level visits, we  
explored whether medication changes were made or not 

Figure 3. Pie charts of study population 2, with reasons why treat-to-target strategy was not implemented at patient-level visits with high 
disease activity. A, Intervention; B, Control. The most common reasons in both intervention and control groups were effectiveness followed by 
patient comorbidities. We defined effectiveness as a rheumatologist perception that medication was in fact working despite high disease activity 
as measured by the Routine Assessment of Patient Index Data 3, or a perception that medication may need more time to take effect. Patient 
comorbidities indicated medical conditions that precluded a change in medication (for example, liver disease precluding use of methotrexate).
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among patients with high RAPID3 scores, as a reflection of the 
implementation of a TTT approach. Unexpectedly, we found that 
a TTT approach was less likely to be used with intervention rheu-
matology patients compared to control rheumatology patients. 
When medication changes were not made, the primary reasons 
provided in office notes were current medication effectiveness and 
concern about patient comorbidities and their impact on med-
ication options, which is consistent with clinical practice. Our 
rheumatology practice tends to see more complex patients who 
have multiple comorbidities such as cardiac disease, pulmonary 
disease, and liver disease, and patients with long-standing RA 
(mean disease duration of 16.2 years). In general, these patients 
have experience with many medications, with approximately 50% 
receiving biologics, and have more limited options regarding safe 
yet effective RA treatment options. However, we were surprised 
to see such a difference in the rate of medication changes among 
rheumatologists who did and did not participate in our learning 
collaborative.

Additionally, we found that patients with osteoarthritis were 
less likely to have RA medication changes made when RAPID3 
scores were high. This finding is consistent with the knowledge that 
since RAPID3 is a completely patient-reported outcome measure 
for RA disease activity, patients who have OA-related pain may 
have increased RAPID3 scores (13). Additionally, patients taking 
glucocorticoids were more likely to have a medication change. 
This finding is not surprising, because RA management has moved 

away from the use of chronic glucocorticoid use, and hence mak-
ing medication changes in this context is consistent with current 
RA management guidelines. In our logistic regression models, hav-
ing a female rheumatologist increased the odds of having a medi-
cation change when disease activity was high, although this finding 
did not reach statistical significance.

The main limitations of our study include the nonrand-
omized study design and the single-center experience. In quality 
improvement work, interrupted time-series is an accepted quasi- 
experimental approach that is often used when true randomiza-
tion cannot feasibly be achieved, allowing comparison of both 
pre- and postintervention time periods between the intervention 
and control groups. Although we described only 1 academic 
rheumatology practice, we were able to review 848 RA patient-
level visits, spanning care provided by 22 different rheumatology 
health care professionals.

Quality improvement efforts in the management of RA often 
focus on adherence to guidelines (14). We found that by integrat-
ing continuous quality improvement techniques, to implement a 
system to routinely collect RA patient-reported outcomes with the 
RAPID3 on tablets and to use a learning collaborative model with 
our rheumatologists and clinic staff, we were better able to create 
stakeholder engagement and trust to adopt a TTT approach (15). 
The optimal target for treating RA remains elusive, but our goal is 
to spread our learning to our control rheumatologists and trainees 
to continue to adopt TTT in our care of RA patients (16).

Table 3. Rheumatoid arthritis learning collaborative content*

Learning 
collaborative session Content and discussion
Session 1 Introduction of TTT concepts

Measuring RA disease activity through RAPID3 collection via tablets in clinic
Measuring shared decision-making through patients’ perspective

Session 2 Baseline pilot data from intervention rheumatologists
Discussing variable performance between rheumatologists on TTT implementation scores
Developing an approach to documentation of TTT implementation score in office notes

Session 3 Overview of patient engagement in RA management
Increasing patient education through newly developed RA patient packets
Improving the prior authorization process for biologics and small molecule therapies
Integrating RAPID3 scores with electronic medical record for use in office visits

Session 4 TTT implementation score explanations and documentation
Reviewing examples of office note documentation which meet and do not meet TTT implementation score 

criteria
Session 5 TTT implementation score using standardized phrases in electronic medical record

Reviewing strengths and limitations of use of standardized language to denote TTT in office notes
Session 6 Disease activity measurement

Debating RAPID3 versus CDAI as disease activity measure
Discussing limitations of RAPID3 in OA and FM

Session 7 Shared decision-making in RA
Listening to guest speaker with expertise in shared decision-making and experience as RA patient
Engaging in an interactive discussion with rheumatologists on how to truly incorporate patient preferences in 

medication decision-making
Session 8 Documenting versus implementing TTT in real-life practice

Reviewing when medication changes are made or not made when RAPID3 score is high, and the caveats that arise 
in clinical practice

Session 9 Review of preliminary results of study and summary of study accomplishments
* CDAI = Clinical Disease Activity Index; FM = fibromyalgia; OA = osteoarthritis; RA = rheumatoid arthritis; RAPID3 = Routine Assessment of Patient 
Index Data 3; TTT = treat-to-target. 
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Psoriasis Associated With Tumor Necrosis Factor Inhibitors 
in Children With Inflammatory Diseases
Lisa H. Buckley,1  Rui Xiao,2 Marissa J. Perman,3  Andrew B. Grossman,4 and Pamela F. Weiss3

Objective. To estimate the incidence rate (IR) of psoriasis in children with inflammatory bowel disease (IBD), 
juvenile idiopathic arthritis (JIA), and chronic noninfectious osteomyelitis (CNO) with tumor necrosis factor inhibitor 
(TNFi) exposure as compared to children without TNFi exposure and to the general pediatric population.

Methods. This was a single-center retrospective cohort study of children with IBD, JIA, or CNO from 2008 to 2018. 
TNFi exposure was defined as a prescription for adalimumab, etanercept, infliximab, certolizumab, or golimumab, 
and the primary outcome was incident psoriasis. IRs and standardized incidence ratios (SIRs) were calculated. Cox 
proportional hazards models were used to assess the association of psoriasis with TNFi exposure and other risk 
factors.

Results. Of the 4,111 children who met inclusion criteria, 1,614 (39%) had TNFi exposure and 2,497 (61%) did not, 
with 4,705 and 6,604 person-years of follow-up, respectively. There were 58 cases (IR 12.3 per 1,000 person-years) 
and 25 cases (IR 3.8 per 1,000 person-years) of psoriasis in children with and without TNFi exposure, respectively. 
The SIR was 18 (95% confidence interval [95% CI] 15–22) overall, 30 (95% CI 23–39) for children with TNFi exposure, 
and 9.3 (95% CI 6.3–14) for children without TNFi exposure. The hazard ratio of psoriasis comparing TNFi exposure 
to no TNFi exposure was 3.84 (95% CI 2.28–6.47; P < 0.001).

Conclusion. Children with IBD, JIA, and CNO had an increased rate of psoriasis compared to the general pediatric 
population, with the highest rate in those with TNFi exposure.

INTRODUCTION

Tumor necrosis factor (TNF) has been repeatedly impli-
cated in the pathogenesis of several inflammatory conditions, 
including inflammatory bowel disease (IBD), juvenile idiopathic 
arthritis (JIA), chronic noninfectious osteomyelitis (CNO), 
and psoriasis (1–5). TNF inhibitors (TNFi) have consequently 
become a cornerstone of therapy for these conditions, result-
ing in improved disease control and quality of life (6–8). As their 
use has become more widespread, there have been increas-
ing reports of cutaneous adverse reactions to TNFi, including 
paradoxical, new-onset psoriasis in adults and children (9–14). 
Psoriasis has a substantial negative impact on health-related 
quality of life (15–18) and mental health (19). Furthermore, 
individuals with TNFi-associated psoriasis often require TNFi 
discontinuation, placing them at risk of disease reactivation. 
Understanding the epidemiology and risk factors of psoriasis 

associated with TNFi exposure has important implications for 
the counseling, identification, and management of this adverse 
event.

The incidence rate (IR) and risk factors of psoriasis in children 
with IBD, JIA, or CNO who are exposed to TNFi are unknown. 
Additionally, there is a well-established association between these 
inflammatory conditions and psoriasis development (20–23). Yet 
because TNFi can both treat and trigger psoriasis (9–14), how 
TNFi exposure affects this relationship is not clear. To date, the 
pediatric literature primarily consists of case reports and series 
without the use of a comparison group. The primary aim of this 
study was to determine the IR of psoriasis in children with IBD, 
JIA, or CNO with TNFi exposure as compared to children without 
TNFi exposure and to the general pediatric population. The sec-
ondary aim was to measure the strength of association between 
TNFi exposure and incident psoriasis and to identify clinical risk 
factors for psoriasis development.
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PATIENTS AND METHODS

Data source. The primary data source was the Children’s 
Hospital of Philadelphia electronic health record data warehouse. 
This database includes patient-level demographic data, vis-
it-level medical data, prescription drug data, and visit-level billing 
data in the form of International Classification of Diseases, Ninth 
Revision (ICD-9) and International Statistical Classification of Dis-
eases and Related Health Problems, Tenth Revision (ICD-10) diag-
nosis codes. The study complied with the Declaration of Helsinki. 
The research protocol was approved by the institutional review 
board, and a waiver of documentation of consent was granted.

Study population. Children with IBD, JIA, or CNO who 
were evaluated at the Children’s Hospital of Philadelphia between 
January 1, 2008 until October 1, 2018 and who met the following 
criteria were included: 1) a first diagnosis code for JIA, IBD, or CNO 
prior to age 19 years; 2) at least 2 diagnosis codes for IBD (555.
xx, 556.xx, 558.9, K50.xx, K51.xx, K52.3, K52.89, or K52.9), JIA 
(713.1, 714.xx, 721.9, M08.xx, M45.x, or L40.5), or CNO (730.1x 
or M86.3x); and 3) at least 2 visits with a study center gastroen-
terologist or rheumatologist. Subjects with a past medical history 
or diagnosis code for psoriasis prior to the start of follow-up were 
excluded. If a subject had diagnosis codes for >1 underlying diag-
nosis, they were analyzed as having the initial diagnosis only. Man-
ual chart review on a subset of subjects (n = 40) was performed to 
validate the method of cohort identification.

Outcome. Incident psoriasis was the primary outcome of 
interest and was defined as the first ICD-9 code (696.1) or ICD-10 
code (L40.0–40.4, L40.8, or L40.9) for psoriasis during an outpa-
tient visit with a study center rheumatologist, gastroenterologist, 
or dermatologist.

Medication exposure and other covariates. TNFi 
exposure was defined as the first prescription for adalimumab, 
etanercept, infliximab, certolizumab, or golimumab, and subjects 
were dichotomized as “ever” or “never” having TNFi exposure. 
All TNFi were considered collectively as a single exposure group. 

Additional covariates included sex, age at the time of first diagno-
sis code for IBD, JIA, or CNO, race, body mass index (BMI), family 
history of psoriasis in a first- or second-degree relative, methotrex-
ate exposure, and underlying diagnosis. Age- and sex-adjusted 
BMI Z score (24) and family history were considered at the time of 
study entry. In the event that BMI was not calculated at that visit, 
BMI from the closest visit was used. The BMI Z score was dichot-
omized to nonobese (<2) and obese (≥2). A subject was consid-
ered exposed to methotrexate if they had at least 1 prescription at 
any point during their follow-up.

Study follow-up. Study entry occurred at the first diagnosis 
code for JIA, IBD, or CNO in children without TNFi exposure or the 
first prescription for a TNFi in children with TNFi exposure. Follow-up 
for all subjects continued until either the first diagnosis code for pso-
riasis, or the final recorded visit. Subjects who had not developed 
psoriasis by their final recorded visit were considered censored.

SIGNIFICANCE & INNOVATIONS
• Children with inflammatory bowel disease, juve-

nile idiopathic arthritis, or chronic noninfectious 
osteomyelitis had an increased rate of psoriasis 
compared to the general pediatric population, with 
the highest rate in those with tumor necrosis factor 
inhibitor (TNFi) exposure (incidence rate 12.3 per 
1,000 person-years and 3.8 per 1,000 person-years 
in children with and without TNFi exposure, respec-
tively).

• TNFi exposure was significantly associated with 
 incident psoriasis.

Figure 1. Flowchart of cohort identification. CNO = chronic 
noninfectious osteomyelitis; IBD = inflammatory bowel disease; JIA =  
juvenile idiopathic arthritis; TNFi = tumor necrosis factor inhibitor.
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Statistical analysis. Descriptive analyses were reported 
as means ± SDs and percentages for continuous and categori-
cal variables, respectively. Categorical variables were compared 
using the chi-square test, and continuous variables were com-
pared using Wilcoxon’s rank sum test. IRs were calculated as the 
number of psoriasis cases per 1,000 person-years of follow-up. 
Standardized incidence ratio (SIRs) were calculated as a ratio of 
observed to expected number of psoriasis cases in the general 
pediatric population. The IR of psoriasis in the general pediatric 
population was estimated from the reported incidence of 0.408 
cases per 1,000 people per year and was used to determine 
the expected number of psoriasis cases in the study cohort 
(25). The reported incidence of psoriasis in the general popula-
tion was determined from a cohort in the Midwest that included 
children at multiple levels of care with dermatologist-diagnosed 
and/or confirmed psoriasis. Cox proportional hazards models 
determined by stepwise selection with a P value of less than 0.20 
were used to estimate the strength of association between TNFi 
exposure and incident psoriasis and to evaluate risk factors asso-
ciated with psoriasis development. Clinically important covariates 
(obesity and methotrexate exposure) determined a priori were 
forced into the final model. Univariate and multivariate Cox pro-
portional hazards models were performed to analyze the main 

effect of TNFi exposure on incident psoriasis across all underlying 
diagnoses.

An additional multivariate model was performed to test inter-
action between underlying diagnosis and TNFi exposure to eval-
uate the disease-specific effect of TNFi exposure on psoriasis 
development. Due to a small sample size and rare events, CNO 
was excluded from all models. The model assumption of propor-
tional hazards was checked using a log-minus-log plot.

Because children age <19 years were included in the initial 
cohort, a sensitivity analysis was performed, excluding patients 
with a diagnosis of JIA at age ≥16 years in accordance with Inter-
national League of Associations for Rheumatology (ILAR) diagnos-
tic criteria (26). Age at diagnosis was used as a surrogate for age at 
symptom onset because the latter was not consistently available.

RESULTS

Between January 2008 and October 2018, 4,111 children  
met inclusion criteria, of which 1,614 (39%) had TNFi exposure 
and 2,497 (61%) had no TNFi exposure (Figure 1). The median 
duration of follow-up was 2.47 (interquartile range [IQR] 1.11–4.35) 
and 1.94 (IQR 0.73–3.99) person-years in the TNFi-exposed and 
TNFi-unexposed groups, respectively. The majority of the cohort 
had IBD (74%), followed by JIA (24%), and CNO (2%). Manual 
chart review of 40 random subjects demonstrated a positive pre-
dictive value of the cohort identification method of 100%. Patient 
characteristics for each group are summarized in Table 1. There 
were statistically significant differences in age, sex, race, obesity, 
and methotrexate use between groups. A total of 83 cases of inci-
dent psoriasis were identified, 58 in TNFi-exposed children and 25 
in TNFi-unexposed children.

IRs for the entire cohort and for each condition are shown in 
Table 2. The IR of psoriasis in all children with IBD, JIA, or CNO 
regardless of TNFi exposure was 7.3 per 1,000 person-years. 
The IR was higher in children with TNFi exposure (12.3 per 1,000 
person-years) compared to those without TNFi exposure (3.8 
per 1,000 person-years). Similarly, TNFi-exposed children with 
IBD had a higher IR of psoriasis (10.9 per 1,000 person-years) 
than those without TNFi exposure (2.6 per 1,000 person-years), 
and TNFi-exposed children with JIA had a higher IR (14.7 per 
1,000 person-years) than those without TNFi exposure (5.5 per 
1,000 person-years). The IRs of psoriasis in children with CNO 

Table 1. Patient characteristics by TNFi exposure*

Characteristic TNFi unexposed TNFi exposed P
No. of subjects 2,497 1,614 –
IBD 1,822 (73) 1,213 (75) 0.12
JIA 626 (25) 366 (23) 0.08
CNO 49 (2) 35 (2) 0.65
Age, mean ± SD† 11 ± 5 12 ± 4 0.01
Female 1,290 (52) 777 (48) 0.03
Race 0.02

White 1,949 (78) 1,247 (77) –
African American 220 (9) 182 (11) –
Other/unknown 328 (13) 185 (11) –

Obesity‡ 101 (4) 40 (2) 0.01
Psoriasis family  
 history

180 (7) 135 (8) 0.17

Methotrexate§ 347 (14) 590 (37) <0.001
* Values are the number (%) unless indicated otherwise. CNO = 
chronic noninfectious osteomyelitis; IBD = inflammatory bowel 
disease; JIA = juvenile idiopathic arthritis; TNFi = tumor necrosis 
factor inhibitor. 
† Age at first diagnosis code for IBD, JIA, or CNO. 
‡ Body mass index Z score ≥2. 
§ Any time during follow-up period. 

Table 2. Incidence rates of psoriasis in entire cohort and by disease*

Follow-up, person-years Cases of psoriasis, no. IR, per 1,000 person-years

All No TNFi TNFi All No TNFi TNFi All No TNFi TNFi
All 11,309 6,604 4,705 83 25 58 7.3 3.8 12.3

IBD 8,433 5,040 3,393 50 13 37 5.9 2.6 10.9
JIA 2,684 1,462 1,222 26 8 18 9.7 5.5 14.7
CNO 193 103 90 7 4 3 36.4 38.9 33.5

* CNO = chronic noninfectious osteomyelitis; IBD = inflammatory bowel disease; IR = incidence rate; 
JIA = juvenile idiopathic arthritis; TNFi = tumor necrosis factor inhibitor. 
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with and without TNFi exposure were similar (33.5 and 38.9 per 
1,000 person-years, respectively).

SIRs for the cohort and for each condition are shown in 
Table 3. The SIR for children with IBD, JIA, or CNO was 18 (95% 
confidence interval [95% CI] 15–22) and for children with TNFi 
exposure was 30 (95% CI 23–39) compared to 9.3 (95% CI 6.3–
14) in children without TNFi exposure. The SIR associated with
TNFi exposure was 27 (95% CI 19–37) compared to 6.3 (95% CI 
3.7–11) in children with IBD, and in children with JIA, the SIR was 
36 (95% CI 23–57) compared to 13 (95% CI 6.7–27).

Log-minus-log plots demonstrated that the assumption of 
proportional hazards was not violated. The hazard of psoriasis was 
significantly different for children exposed to TNFi compared to 
those not exposed to TNFi. The results of the univariate and multi-
variate Cox proportional hazards models are summarized in Table 4. 
The unadjusted hazard ratio (HR) for TNFi exposure versus no TNFi 
exposure was 3.26 (95% CI 2.03–5.21; P < 0.001). When holding 
all other covariates constant, the HR for psoriasis was 3.84 (95% 
CI 2.28–6.47; P < 0.001) for children exposed to TNFi compared 
to not exposed to TNFi. A family history of psoriasis was also asso-
ciated with a significantly higher hazard of psoriasis, with an HR of 

3.11 (95% CI 1.79–5.41; P < 0.001). Additional covariates, includ-
ing age, sex, race, obesity, methotrexate exposure, and underly-
ing diagnosis, were not significantly associated with psoriasis in 
the multivariate model. Within each disease group (IBD or JIA), the 
hazard of psoriasis remained significantly different for children with 
TNFi exposure compared to no TNFi exposure. In children with 
IBD, the HR was 4.52 (95% CI 2.37–8.63; P < 0.001), and in chil-
dren with JIA, the HR was 2.90 (95% CI 1.24–6.77; P = 0.01) when 
comparing TNFi exposure to no TNFi exposure.

As a sensitivity analysis, data were analyzed following the 
removal of children with JIA diagnosed at age ≥16 years. The IR 
and SIR of psoriasis in the entire cohort were unchanged. The 
association between TNFi exposure and psoriasis remained sig-
nificant, with an HR of 4.20 (95% CI 2.44–7.20; P < 0.001).

DISCUSSION

We concluded from this study that children with IBD, JIA, or 
CNO had an increased rate of psoriasis compared to the general 
pediatric population, with the highest rate in those with TNFi expo-
sure. In this cohort from a large pediatric tertiary care center, the 
IR of psoriasis in children with IBD, JIA, or CNO was 7.3 per 1,000 
person-years, with an IR of 12.3 and 3.8 per 1,000 person-years in 
those with and without TNFi exposure, respectively. Children with 
IBD, JIA, or CNO, regardless of TNFi exposure, had a rate of pso-
riasis higher than that of the general pediatric population (SIR 18 
[95% CI 15–22]), with the highest rate in those exposed to TNFi 
(SIR 30 [95% CI 23–39]) versus those not exposed to TNFi (SIR 
9.3 [95% CI 6.3–14]). These data reflect the established associa-
tion between inflammatory conditions and psoriasis development 
(20–23) and suggest that TNFi exposure further increases the risk 
of psoriasis. There are currently no other estimates of the IR of 
TNFi-associated psoriasis in children to which our findings can be 
compared.

Table 3. Standardized incidence ratios (SIRs) in entire cohort and 
by disease*

All No TNFi TNFi
All 18 (15–22) 9.3 (6.3–14) 30 (23–39)

IBD 15 (11–19) 6.3 (3.7–11) 27 (19–37)
JIA 24 (16–35) 13 (6.7–27) 36 (23–57)
CNO 89 (43–187) 95 (36–254) 82 (26–254)

* Values are the ratio (95% confidence interval). SIRs were calculated 
as the ratio of observed to expected number of psoriasis cases as 
estimated by the incidence in the general pediatrics population 
(0.408 per 1,000 [ref. 25]). A SIR >1 indicates that more cases were 
observed than expected. CNO = chronic noninfectious osteomyelitis; 
IBD = inflammatory bowel disease; JIA = juvenile idiopathic arthritis; 
TNFi = tumor necrosis factor inhibitor. 

Table 4. Hazard ratios from univariate and multivariate Cox proportional hazards models*

Variable

Univariate model Multivariate model

HR (95% CI) P HR (95% CI) P
TNFi exposure 3.26 (2.03–5.21) <0.001 3.84 (2.28–6.47) <0.001
Female 1.31 (0.85–2.03) 0.22 – –
Race†

African American 0.34 (0.11–1.08) 0.07 0.25 (0.06–1.04) 0.06
Other/unknown 0.73 (0.34–1.60) 0.44 0.75 (0.33–1.74) 0.51

Age‡ 1.01 (0.96–1.06) 0.63 – –
Family history of psoriasis 3.74 (2.28–6.14) <0.001 3.11 (1.79–5.41) <0.001
Obesity§ 1.45 (0.53–3.96) 0.47 1.49 (0.47–4.74) 0.50
Methotrexate 1.54 (0.98–2.40) 0.06 – –
Diagnosis of JIA¶ 1.63 (1.01–2.62) 0.04 – –

* 95% CI = 95% confidence interval; HR = hazard ratio; IBD = inflammatory bowel disease;
JIA = juvenile idiopathic arthritis; TNFi = tumor necrosis factor inhibitor. 
† Reference is White. 
‡ At first diagnosis code for IBD or JIA. 
§ Body mass index Z score ≥2. 
¶ Reference is IBD; chronic noninfectious osteomyelitis was excluded from models due to 
small sample size and low event rate. 
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This study also helps establish an association between TNFi 
exposure and incident psoriasis in children independent of potential 
confounders, including age, sex, race, obesity status, family history 
of psoriasis, methotrexate exposure, and underlying diagnosis (HR 
3.84 [95% CI 2.28–6.47]). Although cases of TNFi-associated pso-
riasis have been increasingly reported in children (9–14,27–32), this 
is the first study to formally evaluate and establish the relationship 
between TNFi exposure and psoriasis. A family history of psoriasis 
was also identified as an independent risk factor for the develop-
ment of psoriasis in multivariate analysis, which is consistent with 
established literature (33–35). Yet the rate of having a family his-
tory of psoriasis was comparable between groups, indicating that 
the increased rate of psoriasis in the TNFi-exposed individuals is 
unlikely to be attributable to their family history alone. We did not 
identify any additional risk factors, including age, sex, race, obe-
sity, methotrexate exposure, or underlying diagnosis (IBD versus 
JIA). Although findings have been variable, some adult studies 
have proposed female sex, younger age at diagnosis, and obesity 
as potential risk factors, but there are no pediatric studies available 
for comparison (36–39).

To the best of our knowledge, this is the largest pediatric 
study evaluating TNFi-associated psoriasis and the first to use 
a retrospective cohort study design with a comparison group. 
Pediatric literature describing TNFi-associated psoriasis remains 
sparse and consists primarily of case reports and series in children 
with IBD (9,10,12–14,27–29) and less commonly JIA (10,30–32) 
and CNO (11). An additional strength and novelty of the study is 
the use of statistical analyses to account for right-censored data, 
particularly because the time to development of psoriasis is highly 
variable (9–11,12–14,27–32).

There are several important limitations to consider. First, the 
retrospective nature of the study confers the risk of selection, mis-
classification, and indication biases. There were differences in 
the baseline characteristics across groups, most notably obesity 
and methotrexate use. Obesity is an established risk factor for the 
development of psoriasis that could potentially influence the out-
come. Yet, the higher incidence of obesity occurred in the TNFi- 
unexposed group, which would reassuringly bias the results 
toward the null hypothesis. Additionally, as methotrexate is con-
sidered an efficacious treatment of primary psoriasis, we postulate 
that its higher rate of use in the TNFi-exposed group would also 
bias the results toward the null hypothesis.

We relied on visit-level diagnosis codes for the identification 
of psoriasis cases and were unable to verify the accuracy of the 
diagnosis, particularly because many patients received dermato-
logic care outside of the study center. Reassuringly, this lack of 
verification could result in misclassification to either group, and 
the same technique was used to identify cases of psoriasis in the 
TNFi-exposed and TNFi-unexposed groups so that individuals in 
both groups were equally at risk of misclassification.

The inability to fully control for disease activity raises the con-
cern for confounding by indication. While children with high IBD, 

JIA, or CNO disease activity are probably more often treated with 
TNFi, there is no well-established association between high dis-
ease activity and psoriasis development. Conversely, individuals 
who develop psoriasis while receiving a TNFi are more likely to be 
in remission with low disease activity (9,40).

Second, children age ≥18 years at the time of diagnosis 
were included in the analysis because our goal was to gen-
erate data relevant to patient care provided by most pediatric 
gastroenterology, rheumatology, and dermatology practices. 
Reassuringly, sensitivity analysis removing children with a diag-
nosis of JIA at age ≥16 years in accordance with ILAR diag-
nostic criteria did not significantly alter study results. Finally, 
the results of this study reflect a 10-year experience of a single 
large tertiary-care center, which may not be generalizable to 
the general population.

In conclusion, this study demonstrates that children with IBD, 
JIA, and CNO had an increased rate of psoriasis compared to 
the general pediatric population, with the highest rate in children 
with TNFi exposure. This is the first study to estimate the IR of 
TNFi-associated psoriasis and to formally evaluate the strength 
of association between TNFi exposure and psoriasis. There is a 
paucity of data regarding this adverse cutaneous event in chil-
dren; therefore, this study contributes significantly to the current 
literature. Despite limitations, the results are highly significant and 
indicate the need for additional studies to include long-term data 
from large observational registries.
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Treatment Satisfaction With and Adherence to  
Disease-Modifying Antirheumatic Drugs in Adult 
Patients With Juvenile Idiopathic Arthritis
Anita Tollisen,1  Berit Flatø,2 Anne M. Selvaag,3 Astrid Aasland,3 Trude Ingebrigtsen,3 Joachim Sagen,4 and 
Anners Lerdal5

Objective. To examine medication satisfaction and adherence and their relationships to disease variables and 
health-related quality of life (HRQoL) in adults with juvenile idiopathic arthritis (JIA).

Methods. Patients (n = 96, mean age 25 years, 67% female) completed questionnaires about their health status 
19 years after disease onset. Patients receiving biologic disease-modifying antirheumatic drugs (bDMARDs) or 
methotrexate (MTX) were assessed with the 8-item Morisky Medication Adherence Scale (MMAS-8) and the Treatment 
Satisfaction Questionnaire for Medication (TSQM), including dimensions of effectiveness, side effects, convenience, 
and global satisfaction.

Results. DMARDs were received by 52 patients (54%) (mean age 25 years, 75% female), of which 28 received 
MTX and 37 received bDMARDs. Patients receiving combination therapy of MTX and bDMARDs (n = 15) reported 
higher satisfaction with bDMARDs than MTX in the dimensions of side effects and global satisfaction (mean ± SD 
92.9 ± 15.5 versus 56.2 ± 30.9, and mean ± SD 67.6 ± 19.8 versus 47.1 ± 21.7; P < 0.001 and P = 0.016, respectively). 
Patients receiving either bDMARDs (n = 22) or MTX (n = 13) reported higher satisfaction with bDMARDs than MTX for 
the dimensions of effectiveness and global satisfaction (mean ± SD 78.7 ± 15.4 versus 60.2 ± 19.9, and mean ± SD 
73.6 ± 17.7 versus 52.3 ± 23.9; P = 0.004 and P = 0.005, respectively). Nearly one-half of patients (46%) reported low 
adherence (MMAS-8 score <6) and 25% high adherence (MMAS-8 score = 8). Higher levels of pain, psychological 
distress, more active joints, and current MTX use were the strongest correlates of lower medication satisfaction. 
Perceived medication effectiveness and global satisfaction correlated positively with physical and mental HRQoL.

Conclusion. Patients with JIA were more satisfied with bDMARDs than MTX, and 46% reported low adherence. 
Higher medication satisfaction was associated with better HRQoL.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is a chronic inflammatory 
rheumatic disease (1). The disease is not confined to childhood, 
and 40–60% of patients have continuous and recurrent disease 
activity after entering adulthood (2,3). Significant advanced and 
effective treatments for JIA patients have been developed in 
recent decades, and several alternative treatments currently 
exist (4). Disease-modifying antirheumatic drugs (DMARDs) are 
a group of medications used in JIA to inhibit the immune cells 
and mechanisms underlying the symptoms of the disease, and 

several studies have demonstrated the efficacy of both synthetic 
DMARDs (sDMARDs) and biologic DMARDs (bDMARDs) (5–8). 
Methotrexate (MTX) is an sDMARD that has been essential in the 
treatment of JIA since 1980, while bDMARDs were introduced 
as a treatment option for JIA in 2000. Increased numbers of 
new DMARDs have made treatment decisions more complex, 
as different DMARDs offer different choices for route of admin-
istration, possible side effects, and efficacy, which may impact 
patients’ satisfaction with the medication. In this study, satisfac-
tion refers to the specific medication rather than the broader treat-
ment experience and is defined as the patient’s evaluation of the 
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process of taking the medication and the outcomes associated 
with the medication (9). In order to foster success in treatment, 
patients’ preferences and experience of available medication need 
to be incorporated when evaluating the benefits and drawbacks of 
treatment alternatives. However, such information is scarce, and 
information regarding patients’ satisfaction with different medica-
tions is needed.

Patients with JIA are encouraged to follow prescribed treat-
ment regimens over a long period of time, and adherence to med-
ication represents a key requirement for successful treatment, 
as poor adherence can significantly compromise the efficacy of 
the medication (10). Adherence can be defined as the extent to 
which a person’s behavior (in this respect, taking a medication) 
corresponds with agreed-upon recommendations from a health 
care provider (11). A systematic literature review has estimated 
that only 66% of adult patients with rheumatoid arthritis (RA) 
were adherent to their DMARD regimen (12). Published data on 
DMARD treatment adherence in JIA are limited and restricted to 
children (13). Thus, there is a need to provide information regard-
ing adherence to DMARDs among adults with JIA.

The goal of medical treatment for patients with JIA is to achieve 
remission, reduce symptoms, and maximize patients’ health- 
related quality of life (HRQoL). HRQoL is often measured through 
individuals’ subjective appraisals of physical and psychosocial 
health, as defined by the World Health Organization (14). Previous 
studies have found associations between perceived adherence 
and HRQoL, and between subjective burden of medication use 
and HRQoL in children and adolescents with JIA (15,16). Little 
is known, however, about the association between medication 
treatment satisfaction and adherence as well as their impact on 
HRQoL in adults with JIA. In Norway, excellent opportunities exist 
for studies regarding long-term treatment satisfaction and adher-
ence, as the health care system is largely tax funded, with equal 
access to specialist care and treatment for all JIA patients.

In order to address gaps in the research literature, the objec-
tive of our study was to examine treatment satisfaction and per-
ceived adherence to MTX and bDMARDs and to describe the 
associations between medication satisfaction, adherence, and 
HRQoL in patients with JIA a mean of 19 years after disease onset.

PATIENTS AND METHODS

Study population. The sample was recruited from a 
cohort of 197 patients with JIA (with <18 months disease dura-
tion) who participated in a longitudinal study at Oslo Univer-
sity Hospital (OUH) from 1995 to 2003 in which patients were 
prospectively examined by a pediatric rheumatologist every 
6 months for 3 years (17). Disease onset was defined as the 
day that a physician documented symptoms or signs of JIA. 
All patients met the International League of Associations for 
Rheumatology criteria for classification of JIA based on physi-
cians’ clinical examinations during the first 3 years of follow-up, 
as prospectively documented in the patients’ medical records 
(1). Invitations to participate in this follow-up study were sent 
by mail, and informed consent was obtained in accordance with 
the Declaration of Helsinki. The Regional Committees for Med-
ical and Health Research Ethics approved the study (approval 
number 2015/532).

Measures. Information regarding current and previous use 
of medication was obtained from patients’ medical records and 
self-report questionnaires. All self-report questionnaires were pro-
cessed by mail. Demographic information including age, sex, and 
formal education was assessed using a multiple-choice ques-
tionnaire. Patients were asked to report their numbers of active 
joints on a manikin figure (18). Additionally, the following structured 
self-report questionnaires were used.

Medication satisfaction was measured with the validated 
14-item Treatment Satisfaction Questionnaire for Medica-
tion (TSQM), assessing 4 key dimensions of treatment satis-
faction with medication: effectiveness (3 items), side effects 
(5 items), convenience (3 items), and global satisfaction (3 
items) (19). The score on each dimension ranges from 0 to 
100, with a higher score representing higher satisfaction. In 
this study, the TSQM dimensions demonstrated satisfactory 
internal consistency reliability, with Cronbach’s α between 0.78 
and 0.90 on the 4 dimensions. The patients completed the 
TSQM for each medication, except patients using sulfasala-
zine. Unfortunately, medication satisfaction was not assessed 
for sulfasalazine.

Medication adherence was assessed using the 8-item Morisky 
Medication Adherence Scale (MMAS-8) (20–22). Scores range from 
0 to 8, with higher scores representing higher levels of adherence 
(8 = high adherence, 6 to <8 = medium adherence, and <6 = low 
adherence). The validity and reliability of the MMAS-8 have been 
demonstrated in previous studies (20,21), and in this study, Cron-
bach’s α was 0.76. Permission for use of the MMAS is required. A 
license agreement is available from: MMAS Research 14725 NE 
20th Street, Bellevue, WA 98007, or dmorisky@gmail.com.

Physical and mental HRQoL were assessed using the 
12-item Short-Form health survey (SF-12), version 2 (23). The 
SF-12 covers a broad range of health dimensions in 8 subscales, 

SIGNIFICANCE & INNOVATIONS
• This study adds important information to the scarce 

data on medication satisfaction with disease- 
modifying antirheumatic drugs (DMARDs) in adult 
patients with juvenile idiopathic arthritis (JIA).

• Adult patients with JIA were more satisfied with bio-
logic DMARDs than with methotrexate.

• Low adherence was reported by approximately
one-half of the patients.

• Higher medication satisfaction was associated with
better health-related quality of life.

mailto:dmorisky@gmail.com
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with higher scores indicating better HRQoL. Physical and men-
tal HRQoL are measured with 2 subscales: the physical compo-
nent summary and the mental component summary, respectively. 
SF-12 scores are standardized to a mean ± SD value of 50 ± 10 
based on the average score of the US general population (23).

Physical disability was assessed with the Health Assessment 
Questionnaire (HAQ) disability index. The HAQ has 8 sections 
assessing various areas of disability and a score ranging from 0 to 
3, with a score of 0 indicating no physical disability (24).

Pain intensity was assessed with 10-cm visual analog scales 
(25). Pain severity and pain interference based on the last 24 hours 
were assessed using the Brief Pain Inventory (BPI) short form 
(26). The pain severity score is the mean of 4 items, and the pain 
interference score is the mean of 7 items, rated on numeric rating 
scales (range 0–10), with higher scores indicating more pain (26).

Symptoms of psychological distress were assessed with the 
Hopkins Symptom Checklist 5 (SCL-5). Scores range from 1 to 
4, with higher scores indicating more psychological distress (27). 
Cronbach’s α for the SCL-5 was 0.90.

Statistical analysis. Descriptive statistics were reported 
in terms of absolute frequencies and percentage for categori-
cal variables and mean, median, range, and SD for continuous 
variables. Chi-square tests, independent sample t-tests, and 
Wilcoxon-Mann-Whitney tests were performed to compare 
independent groups of patients, and paired sample t-tests were 
performed to compare treatment satisfaction in patients using 2 
DMARDs. Correlations were expressed by Spearman’s rank cor-
relation (rs) for nonnormally distributed variables. Linear regres-
sion analyses were conducted to identify correlates of medication 
satisfaction and HRQoL. Variables from the univariate analyses 

with P < 0.10 were included in the multiple regression analyses 
(manual backwards regression method) with correction for age 
and sex. In the regression analyses (Tables 1, 2, and 3), patients 
using combination therapy of bDMARDs and MTX answered the 
TSQM twice, and the mean of the 2 TSQM scores was used 
as the measure of patients’ medication satisfaction in the analy-
ses. Since DMARDs are not prescribed for daily use, 1 of the 
items of the MMAS-8 (“Did you take your medication yesterday”) 
was treated as a missing item in patients who did not have any 
prescribed medication “yesterday” (n = 18). For these individu-
als, the median value of all nonmissing values was substituted 
for the missing item. Statistical analyses were performed using 
SPSS software, version 22. P values less than 0.05 (2-tailed) 
were considered significant.

RESULTS

Study participants. From a cohort of 197 patients who 
participated in a study at OUH between 1995 and 2003, 192 
were eligible for this study, of which 96 (50%) agreed to parti-
cipate a mean of 15.7 years after completion of the initial 3-year  
follow-up (Figure 1). No significant differences were found between 
the 96 participating patients and the 96 nonparticipants regarding 
age at disease onset, time with symptoms prior to diagnosis, sex, 
and polyarticular course JIA after 3 years (data not shown).

At the 19-year follow-up, 52 patients (54%) received 
sDMARDs and/or bDMARDs (Table 4). A total of 37 patients 
(39%) received bDMARDs (20 as monotherapy, 15 in combination 
with MTX, and 2 in combination with sulfasalazine), a total of 28 
(29%) received MTX (12 as monotherapy, 15 in combination with 
bDMARDs, and 1 in combination with sulfasalazine), and a total 

Table 3. The relationship between medication satisfaction (assessed by the Treatment Satisfaction Questionnaire for Medication 
[TSQM]) and health-related quality of life (HRQoL) in 50 patients with juvenile idiopathic arthritis treated with methotrexate and/or 
biologic disease-modifying antirheumatic drugs*

Independent 
variables

Physical HRQoL (SF-12 PCS)† Mental HRQoL (SF-12 MCS)†

Univariate 
regression 
analyses P

Multiple 
regression 
analysis‡ P

Univariate 
regression 
analyses P

Multiple 
regression 
analysis§ P

Female sex 0.1 (–4.3, 9.3) 0.47 0.1 (–4.0, 8.1) 0.50 –0.2 (–9.5, 2.8) 0.28 –0.1 (–8.7, 3.5) 0.39
Age at follow-up, 

years
0.2 (0, 1.2) 0.06 0.2 (–0.1, 1.1) 0.11 0.2 (–0.1, 1.0) 0.12 0.2 (–0.3, 1.0) 0.25

Dimensions of the 
TSQM¶

Effectiveness 0.5 (0.2, 0.5) <0.001 0.5 (0.1, 0.4) <0.001 0.3 (0, 0.3) 0.07
Side effects 0.1 (–0.1, 0.2) 0.32 0.2 (0, 0.2) 0.24
Convenience –0.1 (–0.2, 0.1) 0.53 0 (–0.2, 0.2) 0.99
Global satisfaction 0.4 (0, 0.3) 0.012 0.3 (0, 0.3) 0.020 0.3 (0, 0.3) 0.025

* Values are the β (95% confidence interval) unless indicated otherwise. Beta values are standardized regression coefficients. Results 
are from the linear regression analyses with HRQoL as the dependent variable and the TSQM dimensions of effectiveness, side effects, 
convenience, and global satisfaction as independent variables. All multiple regression analyses used backward regression and adjusted 
for age and sex. MCS = mental component summary; PCS = physical component summary; SF-12 = Short-Form 12 health survey, version 
2. 
† Norm-based score mean ± SD 50 ± 10. 
‡ R2 = 30%. 
§ R2 = 15%. 
¶ Range 0–100. 
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of 5 patients (5%) received sulfasalazine (2 as monotherapy, 2 in 
combination with bDMARDs, and 1 in combination with MTX). Of 
the 37 patients taking bDMARDs, 29 (78%) used tumor necrosis 
factor inhibitors, and 6 (16%) used an interleukin-6 inhibitor. Of the 
52 patients currently using DMARDs at the 19-year follow-up, 37 
patients (71%) had taken MTX, and 6 (12%) had taken bDMARDs 
during the first 3 years of follow-up.

At the 19-year follow-up, no significant differences were 
found regarding age at disease onset, scores on SF-12, SCL-5, 
or BPI pain severity between the participants currently receiving 
DMARDs and those not receiving DMARDs; but patients receiving 
DMARDs had worse scores on the HAQ and BPI pain interfer-
ence, and a higher percentage had polyarticular course JIA and 
currently active joints (Table 4).

Treatment satisfaction. Among patients receiving either 
MTX or bDMARDs (but not in combination), higher medication 
satisfaction on the dimensions of effectiveness (mean ± SD 
78.7 ± 15.4 versus 60.2 ± 19.9; P = 0.004) and global satis-
faction (mean ± SD 73.6 ± 17.7 versus 52.3 ± 23.9; P < 0.005) 
were found in patients using bDMARDs compared to patients 
using MTX (Table 5). In patients receiving combination ther-
apy of MTX and bDMARDs, higher medication satisfaction with 
bDMARDs than MTX was reported with respect to side effects 
(mean ± SD 92.9 ± 15.5 versus 56.2 ± 30.9; P < 0.001) and 
global satisfaction (mean ± SD 67.6 ± 19.8 versus 47.1 ± 21.7; 
P = 0.016). Among the 37 patients receiving bDMARDs, 7 
patients (19%) reported side effects, including tiredness (n = 3), 
weakened immune system (n = 2), itching (n = 2), fungal skin 

Figure 1. Participant flow chart. DMARDs = disease-modifying antirheumatic drugs.
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infections (n = 1), headache (n = 1), and discomfort at the 
injection site (n = 1). A total of 15 (54%) of the 28 patients 
receiving MTX reported side effects, including nausea (n = 13), 
headache (n = 4), tiredness (n = 2), hair loss (n = 1), oral ulcer-
ation (n = 1), and suppressed immune system (n = 1). A total 
of 7 patients reported >1 side effect. Two patients receiving 
sulfasalazine in combination with bDMARDs reported nau-
sea as a side effect to sulfasalazine. In patients taking MTX, 
lower scores on effectiveness were reported by males (n = 6) 
compared to females (n = 22) (mean ± SD 44.4 ± 22.2 versus 
64.0 ± 17.5; P = 0.027).

Associations between demographic and health  
status variables and treatment satisfaction. In the multiple 
regression analyses (adjusted for age and sex) of the 50 patients 
taking bDMARDs and/or MTX (excluding the 2 patients receiving 
sulfasalazine monotherapy), a higher level of pain intensity was the 
strongest correlate of lower medication satisfaction with respect to 
effectiveness and side effects (P = 0.001 and 0.028, respectively) 
(Table 1). More psychological distress was the strongest correlate 
of lower global satisfaction with medication (P = 0.003). Levels of 
education were positively associated, while physical disability and 
psychological distress were negatively associated with patients’ 

Table 4. Demographic, clinical, and health characteristics at 19-year follow-up of 96 patients with juvenile idiopathic arthritis (JIA) 
taking or not taking disease-modifying antirheumatic drugs (DMARDs)*

Variables
All patients 

(n = 96)

Patients not 
taking DMARDs 

(n = 44)

Patients taking 
DMARDs 
(n = 52) P

Demographic variables
Sex, female 64 (67) 25 (57) 39 (75) 0.06
Age, mean ± SD years 25.1 ± 4.2 25.1 ± 4.2 25.1 ± 4.6 0.97
College/university level education 42 (44) 17 (39) 25 (48) 0.35
Full-time study or job 74 (77) 36 (82) 38 (73) 0.48
Receiving disability/social benefit 12 (13) 3 (7) 9 (17) 0.12

Clinical and health-related variables
Disease duration, mean ± SD years 18.9 ± 1.5 18.9 ± 1.5 18.7 ± 1.6 0.25
Age at disease onset, mean ± SD years 6.1 ± 4.0 6.1 ± 4.0 6.3 ± 4.4 0.63
Physical HRQoL, mean ± SD SF-12 PCS score 49.6 ± 9.8 51.2 ± 8.8 48.3 ± 10.5 0.15
Mental HRQoL, mean ± SD SF-12 MCS score 48.5 ± 10.0 48.3 ± 10.5 48.6 ± 9.6 0.90
Physical disability, HAQ median (range) score (range 0–3) 0 (0–2.13) 0 (0–1.75) 0.13 (0–2.13) 0.003
Pain severity, BPI median (range) score (range 0–10) 1.25 (0–9) 1.25 (0–7) 1.75 (0–9) 0.25
Pain interference, BPI median (range) score (range 0–10) 0.57 (0–8.4) 0.29 (0–8.4) 1.14 (0–7.43) 0.046
Psychological distress, SCL-5 median (range) score (Likert  

 scale 1–4)
1.4 (1–4) 1.4 (1–4) 1.3 (1–4) 0.80

Patients with active joints 57 (59) 18 (41) 39 (75) 0.001
Self-reported no. of active joints, median (range) 0 (0–29) 0 (0–17) 2 (0–29) <0.001
Polyarticular course JIA 41 (43) 12 (27) 29 (56) 0.005

JIA subtypes (ILAR classification)
Systemic arthritis 7 (7) 5 (11) 2 (4)
Polyarticular rheumatoid factor negative 24 (25) 8 (18) 16 (31)
Polyarticular rheumatoid factor positive 1 (1) 0 1 (2)
Oligoarticular persistent 36 (38) 23 (52) 13 (25)
Oligoarticular extended 10 (10) 3 (7) 7 (14)
Enthesitis-related arthritis 5 (5) 3 (7) 2 (4)
Psoriatic arthritis 4 (4) 0 4 (8)
Undifferentiated arthritis 9 (9) 2 (5) 7 (14)

Current use of synthetic DMARDs† 30 (31) 30 (58)
Methotrexate‡ 28 (29) 28 (54)
Sulfasalazine 5 (5) 5 (10)

Current use of biologic DMARDs§ 37 (39) 37 (71)
Etanercept 13 (14) 13
Adalimumab 8 (8) 8
Tocilizumab 6 (6) 6
Other biologic DMARDs¶ 10 (10) 10

* Values are the number (%) unless indicated otherwise. BPI = Brief Pain Inventory Short Form; HAQ = Health Assessment 
Questionnaire; HRQoL = health-related quality of life; ILAR = International League of Associations for Rheumatology; MCS = mental 
component summary of the Short-Form 12 (SF-12) health survey, version 2 (norm-based score mean ± SD 50 ± 10); PCS = physical 
component summary of the SF-12, version 2 (norm-based score mean ± SD = 50 ± 10); SCL-5 = Hopkins Symptom Checklist 5. 
† 18 patients received a combination of 2 DMARDs. 
‡ Oral medication (n = 15) and injections (n = 13). 
§ Intravenous infusion (n = 5) and injections (n = 32).
¶ Infliximab (n = 3), certolizumab (n = 3), golimumab (n = 2), anakinra (n = 1), and rituximab (n = 1). 
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satisfaction with medication effectiveness in the univariate analy-
ses (P = 0.003–0.022) but not in the multiple regression analysis. 
Physical disability and pain intensity were negatively associated 
with patients’ global satisfaction with medication in the univariate 
but not the multiple regression analyses (P = 0.009–0.03).

Associations between disease-related variables and 
treatment satisfaction. In the multiple regression analyses, 
current use of MTX and number of active joints correlated with 
less medication satisfaction with respect to effectiveness and 
global satisfaction (P < 0.001–0.038) (Table 2). Current use of MTX 
was associated with less satisfaction with side effects (P = 0.038). 
No associations were found between medication satisfaction 
assessed by the TSQM and polyarticular disease course JIA or 
disease duration (data not shown).

Associations between medication satisfaction and 
HRQoL. In the multivariate analysis, lower satisfaction with effec-
tiveness of medication was strongly associated with lower physical 
HRQoL (P < 0.001), and lower global satisfaction with medication 
was associated with lower mental HRQoL (P = 0.025) (Table 3). 
An association was also found between lower global satisfaction 
with medication and lower physical HRQoL in the univariate analy-
sis (P = 0.012) but not in the multivariate analysis.

Medication adherence. The median MMAS-8 score was 
6.0 (range 0.5–8.0), and 46% of the participants in this study pop-
ulation reported low adherence (score <6.0) to DMARDs, while 
15 patients (29%) reported medium adherence (score range 
6–7.9), and 13 (25%) reported high adherence (score = 8). No 
associations were found between medication adherence and age, 
sex, disease duration, polyarticular disease course, self-reported 
number of active joints, or the medication satisfaction dimensions 
of effectiveness, side effects, and global satisfaction (data not 
shown). However, a correlation was found between medication 
adherence and the convenience dimension (rs = 0.327, P = 0.03). 
Among the 28 patients taking MTX, 13 (46%) reported problems 
with nausea in connection with taking the medication; however, 

this did not correlate significantly with the MMAS-8 adherence 
score (data not shown).

DISCUSSION

In our cohort of adults with JIA, 52 patients (54%) were using 
sDMARDs and/or bDMARDs a mean of 19 years after disease 
onset. Patients were more satisfied with bDMARDs than MTX as 
assessed by the TSQM dimensions of effectiveness, side effects, 
and global satisfaction. Higher levels of physical disability, pain inten-
sity, psychological distress, active joints, current use of MTX, and 
lower education level correlated with poorer medication satisfaction. 
Forty-six percent reported low adherence to medication, and a cor-
relation was found between adherence to medication and the patient 
satisfaction convenience score. Among patients using DMARDs, 
associations were found between satisfaction with medication 
effectiveness and physical HRQoL, and between global  medication 
 satisfaction and both physical and mental HRQoL.

We found that patients in our study reported higher medica-
tion satisfaction with bDMARDs compared to MTX. To our know-
ledge, comparisons of JIA patients’ experiences with bDMARDs 
and MTX have not previously been explored. Our results con-
trast with a study by Wolfe and Michaud on patients with RA 
(28), which found greater treatment satisfaction with medication 
among those treated with nonbiologic drugs versus biologics. 
However, these results were related to nonmedical factors (cost 
and inconve nience), and the participants were older (median 62.7 
years) than those in our study. Younger adults may have other 
treatment preferences than older adults. In Norway, medication 
costs are covered by public health and therefore have no major 
impact on the results in this study.

Patients also reported higher scores on global satisfaction 
with bDMARDs compared with MTX. We found a strong corre-
lation between the effectiveness score and global satisfaction 
score (rs = 0.8), indicating that effectiveness has a great impact on 
patient overall satisfaction with a medication.

Patients receiving either MTX or bDMARDs (but not in com-
bination) were more satisfied with the effectiveness of bDMARDs 

Table 5. Medication satisfaction (measured by the Treatment Satisfaction Questionnaire for Medication [TSQM]) in 50 
patients taking methotrexate (MTX) and/or biologic disease-modifying antirheumatic drugs (bDMARDs)*

Dimensions of medication 
satisfaction (range 0–100)

Medication satisfaction in patients 
taking either MTX or bDMARDs 

(but not in combination) (n = 35)

Medication satisfaction in patients 
taking MTX and bDMARDs 

in combination (n = 15)

MTX 
(n = 13)

bDMARDs 
(n = 22) P†

MTX 
(n = 15)

bDMARDs 
(n = 15) P‡

Effectiveness 60.2 ± 19.9 78.7 ± 15.4 0.004 59.5 ± 20.1 69.6 ± 15.3 0.11
Side effects 73.5 ± 28.6 88.7 ± 23.4 0.10 56.2 ± 30.9 92.9 ± 15.5 <0.001
Convenience 65.0 ± 18.5 67.4 ± 14.6 0.66 69.2 ± 18.8 71.5 ± 11.3 0.67
Global satisfaction 52.3 ± 23.9 73.6 ± 17.7 0.005 47.1 ± 21.7 67.6 ± 19.8 0.016

* Values are the mean ± SD unless indicated otherwise. TSQM score was not assessed for sulfasalazine (n = 5). 
† Independent sample t-test. 
‡ Paired sample t-test. 
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than with MTX. A possible reason for this could be that bDMARDs 
have a faster onset of action than MTX. Another factor could be 
that patients with inadequate response to MTX are likely to start 
with bDMARDs to achieve adequate treatment response. For 
patients using combination therapy, evaluating satisfaction with 
the effect of 2 medications used simultaneously may be difficult 
to interpret. Previous studies have emphasized the importance of 
early initiation of medication to achieve the best effect and clin-
ical remission (6,29). The patients in our study were diagnosed 
in the prebiologic era. Although only 6 (12%) of the 52 patients 
currently using DMARDs received bDMARDs during the first 3 
years of follow-up, 37 patients (71%) received MTX. The approach 
to medication treatment in JIA is generally based on the severity of 
disease and symptoms according to treatment guidelines (30,31), 
indicating that our patients treated with combination therapy of 
MTX and bDMARDs could possibly have more severe disease 
than those not using MTX and bDMARDs in combination. How-
ever, no correlations were found between polyarticular versus oli-
goarticular course and patients’ satisfaction with the effectiveness 
of bDMARDs and/or MTX.

In our study, patients using combination therapy of MTX and 
bDMARDs were less satisfied with MTX than with bDMARDs with 
respect to side effects (P < 0.001). We found MTX-induced nausea 
in 46% of the patients. Side effects associated with MTX are well 
known and have significant implications for patients with JIA and 
RA (32–34). Patil et al reported higher prevalence of MTX-induced 
nauseas in adolescents and younger adults than in older patients 
with RA (34), and in a study of JIA patients treated with MTX, 64% 
experienced MTX-induced nausea, and 27% experienced vomit-
ing (33). With respect to side effects as measured by the TSQM, 
greater SD was found with MTX compared to bDMARDS, indicat-
ing that greater differences in patients’ experiences exist for MTX. 
However, the gastrointestinal effects of MTX, including nausea, 
should warrant consideration in clinical practice.

We found no differences between MTX and bDMARDs in the 
convenience dimension of patient satisfaction. Previous studies of 
adults with RA have found that patients prefer to receive treatment 
at home (35,36). Among the 37 patients taking bDMARDs in our 
cohort, 32 (86%) took self-administered medication at home. Infor-
mation regarding prevalence of current use of DMARDs in adults 
with JIA has been scarce; however, the number of patients treated 
with DMARDs in our study corresponds with those in other stud-
ies of adults with JIA (2,3), and the spectrum of sDMARDs and 
bDMARDs received was similar to that received by JIA patients in 
previous studies (8,37,38). The number of patients without med-
ication in our study is also comparable to the number of patients 
without medication in other studies (2,3).

The strongest correlates of low treatment satisfaction in our 
study were high levels of pain, psychological distress, more active 
joints, and current use of MTX. Since DMARDs are typically taken 
for their curative effects, it is likely that patients with more pain 
and more active joints are less satisfied with their medication 

treatment. Pain has been reported as a significant burden of 
JIA (39,40), and in a study by Arkela-Kautiainen et al (41), it was 
reported to be the most important preference for improvement 
in young adults with active JIA. In our study, an association was 
found between more psychological distress and lower global sat-
isfaction with medication. Whether poor medication satisfaction 
leads to psychological distress or psychological distress nega-
tively impacts patients’ view of medication satisfaction warrants 
further study.

In the univariate analysis, an association was found between 
the level of formal education and patients’ satisfaction with 
their medication’s effectiveness, although no correlation was 
found between age and effectiveness. A possible reason for this 
could be that patients with higher education have better commu-
nication with doctors, which may lead to better management of 
the patient’s disease and side effects. In adults with RA, Kjeken et 
al found that patients’ satisfaction with care was associated with 
current involvement in medical decisions and that higher level of 
education was associated with patients’ involvement in medical 
decisions (42).

We found an association between satisfaction with medica-
tion effectiveness and HRQoL. Previous studies have reported that 
DMARDs increase HRQoL in children with JIA. Cespedes-Crux et 
al found MTX to have a positive impact on HRQoL (43). Similarly, 
Lovell et al reported improved quality of life in children treated with 
abatacept (44). We found no association between side effects and 
HRQoL, which is in contrast to the study of Mulligan et al (45), who 
reported that patients who experience side effects with MTX had 
lower HRQoL. However, the lack of correlation between HRQoL 
and side effects in our study may be linked to low statistical power.

In our study, approximately one-half of the patients reported 
low adherence. Rates of adherence to medication in patients with 
JIA and RA have been highly variable across studies (46–48). In 
a review article on adults with RA, Salt and Frazer reported rates 
of adherence to DMARDs from 30% for patients taking more 
than the prescribed amount of medication (47). In a study of chil-
dren with JIA, Feldman et al found caregiver-reported adherence 
to medication to be between 86% and 90% (10). The administra-
tion frequency of DMARDs with simpler treatment regimens pre-
scribed for weekly or monthly use may facilitate adherence (49). 
We found a positive association between the medication conve-
nience dimension and adherence but not with other dimensions 
of the TSQM. The convenience dimension of the TSQM is derived 
from 3 questions: convenience of administration, ease or difficulty 
planning, and following schedules. In a systematic review assess-
ing the link between treatment satisfaction and adherence in 
chronic diseases, greater treatment satisfaction, lower treatment 
regimen complexity, and lower treatment burden were associated 
with better adherence (50).

This study has some limitations. Clinically relevant differ-
ences may be undetected due to a moderate sample size with 
insufficient statistical power. In the regression analyses, we 
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used the mean of bDMARD and MTX scores from the TSQM 
for patients on combination therapy of bDMARDs and MTX. 
However, it may be difficult for patients to isolate their expe-
rience of each medication when they are taking combination 
therapy, and the mean score may not accurately represent 
their overall satisfaction with their medication regimen. More-
over, since these patients (n = 15) were generally more satisfied 
with bDMARDs than MTX, this approach may have influenced 
the results. At 19-year follow-up, no clinical examination was 
performed, and information about patients’ medication treat-
ment was obtained solely through self-report, not from med-
ical records. More detailed information on patients’ previous 
(between 3- and 19-year) and current disease status and treat-
ment may have improved the interpretation of our results. On 
the other hand, patient and disease characteristics were well 
documented by repeated clinical examinations during the first 
3 years of follow-up.

JIA is a heterogeneous disease, and it is not clear under 
which circumstances one DMARD will yield better outcomes than 
another. Hence, the relative effect of one DMARD compared to 
another is difficult to measure; thus, our results must be interpreted 
with caution. However, patients’ satisfaction with medical treat-
ment may represent more issues than disease control, highlighting 
the necessity to incorporate patients’ experience with medication 
treatment in the decision-making process. It should also be noted 
that one item of the MMAS-8 (“Did you take your medication yes-
terday”) was treated as a missing item for patients who did not 
have any prescribed medication “yesterday” (n = 18). However, 
the substitution of the median value made no changes to the total 
MMAS-8 score.

In conclusion, JIA patients’ medication satisfaction was 
higher with bDMARDs than MTX 19 years after disease onset. 
Adherence scores were low in 46% of the patients. Higher med-
ication satisfaction was associated with better HRQoL. Knowl-
edge and incorporation of patients’ experience with medication is 
important to promote patient-centered care and achieve the best 
possible HRQoL. Further studies, however, with larger samples 
are required.
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Effects of Neurodynamic Mobilizations on Pain 
Hypersensitivity in Patients With Hand Osteoarthritis 
Compared to Robotic Assisted Mobilization: A Randomized 
Controlled Trial
Paolo Pedersini,1 Kristin Valdes,2 Raquel Cantero-Tellez,3 Joshua A. Cleland,4 Mark D. Bishop,5  
and Jorge H. Villafañe1

Objective. To evaluate the effectiveness of the neurodynamic mobilization techniques compared with passive 
robotic physiologic movement in patients with hand osteoarthritis (OA).

Methods. We conducted a randomized controlled trial. A total of 72 patients (mean ± SD age 71 ± 11 years) with 
dominant symptomatic hand OA were randomized in 2 groups, and both received 12 treatment sessions over 4 
weeks. The experimental group received neurodynamic mobilization of the median, radial, and ulnar nerves, and the 
control group received robotic-assisted passive movement treatment. Both groups also participated in a program of 
hand stability exercises. Outcome measures included pain intensity, pressure pain thresholds (PPTs), and strength 
measurements. Group-by-time effects were compared using mixed-model analyses of variance.

Results. After the intervention, the experimental group had statistically significant, higher PPTs than the control 
group at the thumb carpometacarpal joint by 0.7 kg/cm2 (95% confidence interval [95% CI] 0.6, 0.8), the median nerve 
by 0.7 kg/cm2 (95% CI 0.6, 0.7), and the radial nerve by 0.5 kg/cm2 (95% CI 0.3, 0.6); however, the difference was 
not statistically significant at 3 months postintervention. Although mean values in the experimental group were higher 
than in the control group at all PPT sites at both assessments, these differences were not statistically significant. 
The experimental group experienced a statistically significant reduction in pain immediately postintervention, but this 
was not present at the 3-month follow-up. There were no statistically significant differences in pinch or grip strength 
between groups.

Conclusion. We found that neurodynamic mobilizations decreased hypersensitivity in patients with hand OA 
immediately after the intervention; however, differences were no longer present at 3 months. The results suggest that 
these techniques may have some limited value in the short term but do not have lasting effects.

INTRODUCTION

The prevalence of symptomatic osteoarthritis (OA) of the 
hand is ~67% in the general population (1). The carpometacar
pal (CMC) joint of the thumb is most commonly affected by OA, 
followed by the interphalangeal (IP) joints (2,3). The magnitude of 
damage or inflammation present in OA is not directly correlated 
to the pain intensity reported by individuals with OA, particularly 
those with chronic pain. In individuals with chronic OA pain, the 
experience is more likely related to central nervous system (CNS) 

involvement (4,5), and recent studies suggest that OA is a mixed 
pain state and that in some individuals, CNS factors play an 
important role (6,7).

For example, individuals with hand OA who underwent func
tional magnetic resonance imaging analysis showed increased 
activation in the thalamus, cingulate, and the frontal and so mato
sensory cortex, which are the brain’s pain processing centers and 
have been implicated in central sensitization (8). Chronic OA pain 
may also lead to allodynia, in which nonpainful stimuli may pro
duce the sensation of pain, or a painful stimulus may be perceived 
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as more intense compared to the experience in asymptom
atic  individuals (8,9). To examine the presence of this sensitivity, 
assessing pressure pain threshold (PPT) (i.e., tenderness to pal
pation) has been shown to be a reliable and valid method for iden
tifying individuals with central sensitization (10).

The European League Against Rheumatism published a 
systematic literature review that summarized the current non
pharmacologic, pharmacologic, and surgical approaches for 
the management of hand OA (11). The review identified 28 studies 
that evaluated nonpharmacologic treatments of hand OA, includ
ing exercise, joint protection, splints, assisted devices, and com
binations of the interventions (11). However, none of the reviewed 
studies considered interventions that specifically targeted redu
cing pain sensitivity (11). Identifying nonpharmacologic interven
tions to reduce local and widespread pain sensitivity in hand OA 
could address a missing component of management for individ
uals who present with signs and symptoms of nervous system 
sensitization.

Neurodynamic mobilization techniques are a form of man
ual therapy aimed at influencing the neural structures through 
positioning and movement of multiple joints to reduce pain (12). 
Numerous studies by Wolney and Linek have shown that neu
rodynamic mobilization has been effective in reducing pain and 
improving functional status and nerve conduction velocity when 
compared to both a control group and a sham (13–15). However, 
a limited number of studies have examined the effects of neu
rodynamic techniques on individuals with joint pathology in the 
hand. Previous work (16) has shown that neurodynamic mobili
zation techniques may modify PPTs by potentially reducing pain 
sensitivity in individuals with hand OA and might potentially be 
an appropriate management strategy in the presence of central 
sensitization. Considering that neurodynamic techniques have 
been beneficial for individuals with carpal tunnel syndrome, and 
that preliminary evidence suggests that they may be beneficial for 
patients with OA of the CMC thumb joint, further research is war
ranted to determine the clinical effectiveness of these techniques 
compared to other interventions (13–15,17,18).

Additionally, robotic physiologic movements have recently 
been introduced as a method to assist with the completion of 
exercise (19,20). Recent technologies have developed robots to 
serve to assist patients in the rehabilitation process, thus max
imizing patient outcomes (21). Actually, the focus of research 
using robotic devices has been on interventions to improve upper 

extremity functionality in neurologic populations, particularly 
patients with a history of stroke (22). To our knowledge, robotic 
physiologic movement in orthopedic patients has not been well 
explored in clinical research beyond passive movement after 
joint arthroplasty, although it has already demonstrated benefi
cial effects on the CNS and sensorimotor deficits in neurologic 
patients (23,24). These robotic tools assist the patient with carry
ing out exercise protocols. Among these devices, the glove pro
vides computercontrolled, repetitive, and passive mobilization of 
the fingers with multisensory feedback (25). However, the effects 
of robotic physiologic movement have not been compared to neu
ral mobilization in a patient population with hand OA. Therefore, 
the aim of the current study was to evaluate the effectiveness of 
the neurodynamic mobilization techniques compared with passive 
robotic physiologic movement in patients with hand OA.

SUBJECTS AND METHODS

Study design. We conducted a randomized controlled trial. 
Informed consent was obtained from all patients, and procedures 
were conducted according to the Declaration of Helsinki and 
approved by a local ethics committee. The study was registered 
at ClinicalTrials.gov (NCT02701335). The IRCCS Fondazione Don 
Carlo Gnocchi Ethics Committee approved the study on February 
24, 2016. All participants gave written informed consent before 
data collection began.

Subjects. From July 2016 to April 2018, all patients present
ing to the IRCCS Fondazione Don Carlo Gnocchi clinic in Italy and 
diagnosed with dominant hand OA were screened for eligibility. 
Inclusion criteria for the study were ages between 50 and 90 years 
and symptoms of OA in the dominant hand; only the dominant 
hand received the treatment intervention. OA was confirmed by 
the treating physician and by radiographic findings (OA severity 
of 3 to 4 on the Kellgren/Lawrence scale). Exclusion criteria were 
subjects scoring >6 points on the Beck Depression Inventory 
or >30 points in the StateTrait Anxiety Inventory. Patients with 
a medical history of carpal tunnel syndrome, surgical interven
tions to the hand, or DeQuervain’s tenosynovitis, and those with 
degenerative or nondegenerative neurologic conditions in which 
pain perception could be altered, were also excluded.

Randomization. Participants were randomly assigned 
to either neurodynamic mobilization or passive robotic physi
ologic movements using simple randomization with a random 
number generator created by an individual not involved in sub
ject recruitment. Randomization was conducted using a random 
sequence generator program (http://www.random.org).

An assessor (JHV) blinded to the patients’ allocated group 
obtained measurements at baseline, immediately after the 4week 
treatment period, and at 3 months after the treatment. Interventions 
in both groups were applied by the same physical therapist, who 

SIGNIFICANCE & INNOVATIONS
• Neurodynamic mobilizations (sliding techniques)

immediately decreased hypersensitivity in patients 
with hand osteoarthritis (OA). This effect was not 
maintained at the 3-month follow-up.

• The results suggest that these techniques may be
useful in the short term for patients with hand OA.

http://www.random.org
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had 3 years of experience in manual therapy and the management 
of musculoskeletal pain disorders. Both groups were provided with 
the same instructions regarding effectiveness of the treatment.

Interventions. Neurodynamic intervention group (NIG). 
The experimental group received a neurodynamic nerve slider 
technique targeted to the median, radial, and ulnar nerves 
of the symptomatic extremity for 12 sessions over a 4week 
timeframe (26). The technique was applied with the physio
therapist standing and the patient positioned in supine. These 
techniques aim to produce neural sliding in relation to adjacent 
tissues (12). In order not to produce pain, speed and ampli
tude of movements were adjusted. These movements were 
alternated at a rate of ~2 seconds per cycle (1 second into 
extension, and 1 second into flexion). At each session, the 
techniques were applied 3 times for 3 minutes separated by 
1minute rest periods. These techniques originated in the work 
of Butler et al (27).

Median nerve technique. The patient was placed in the fol
lowing position prior to performing the median nerve slider tech
nique: shoulder girdle depression; glenohumeral abduction and 
external rotation; supination of the forearm; and wrist, thumb, 
and finger extension. The neurodynamic technique for the medi
an nerve consisted of the following alternating movements: the 
combination of elbow extension (which increases tension) and 
wrist flexion (which decreases tension) movement with the com
bination of elbow flexion (decreasing tension) and wrist exten
sion (increasing tension) movement (28).

Radial nerve technique. The patient was placed in the fol
lowing position prior to the performance of the radial nerve slid
er technique: shoulder girdle depression; glenohumeral internal 
rotation; pronation of the forearm; elbow extension; and wrist, 
thumb, and finger flexion. The neurodynamic technique for the 
radial nerve involved alternating the following movements: the 
combination of elbow flexion–wrist flexion (unloads the radial 
nerve) with elbow extension–wrist extension (loading) (16,29).

Ulnar nerve technique. For the ulnar nerve, the wrist was 
placed in extension, the elbow was flexed, and the shoulder ab
ducted. The slider neurodynamic technique for the ulnar nerve in
volved alternating the following movements: elbow flexion (unloads 
the ulnar nerve) and shoulder abduction (loads the ulnar nerve) was 
alternated with elbow extension (loading) and shoulder adduction 
(unloading) throughout the sliding technique; the wrist was main
tained in 60° extension and the forearm in supination (30).

Passive physiologic movement group. Participants re
ceived half an hour of robotic passive movement treatment 
using a Gloreha Workstation (Idrogenet) for 12 sessions over 
4 weeks. The patients wore a glove, and every finger was 
attached to individual thimbles connected through a nylon 
thread to a device interfaced with a hybrid system (com
pressed air and oil) that performed the passive movement of 
flexion–extension of the fingers (Figure 1). Further details of 

the intervention are available elsewhere (31). Patients in both 
groups also received additional standardized exercises, as de
scribed by Villafañe et al (32).

Outcome measures. Pain intensity was assessed using a 
visual analog scale (VAS; 0 = no pain, 10 = maximum pain) for 3 
separate pain status conditions: 1) level of pain while executing a 
key pinch between the thumb and index finger; 2) average level of 
pain over the last 24 hours; and 3) average level of pain over the 
last week (31).

The PPT test is a quantitative sensory test of tissue sensi
tivity, and it is defined as the minimal amount of pressure where 
the sense of pressure changes to pain. An electronic algometer 
(Algomed) was used to measure the PPTs (33). The validity and 
reproducibility of algometry has been described, with higher PPTs 
indicating lower pain sensitivity. PPTs near the pathologic site are 
thought to represent the degree of peripheral nociception, whereas 
decreased PPTs distal to the pathology are markers of hyperexcit
ability of the CNS (34). An assessor (JHV) blinded to the patient’s 
group assessed PPT bilaterally over the hand (thumb CMC at the 
center of the anatomic snuffbox and unciform apophysis of the 
hamate bone), the C5–C6 zygapophyseal joint, and the median, 
radial, and ulnar nerves. We assessed widespread pain sensitiv
ity given the evidence for central sensitization in individuals with 
OA and the recommendations for examining sensitivity at multiple 
sites. The tested nerve sites were chosen based on the accessi
bility of the nerve. The median nerve was palpated distally at the 
wrist between the palmaris longus and flexor carpi radialis longus; 
the nerve was accessed after moving the tendons laterally. The 
radial nerve was palpated in the anatomic snuffbox, and the ulnar 
nerve in the cubital tunnel at the elbow (35). Assessment of PPT in 
individuals with hand OA has been shown to be very reliable (36), 
with scores for minimal detectable change (MDC) as follows: C5–
C6 joint (95% confidence interval [95% CI] 0.3, 0.5 kg/cm2), thumb 
CMC joint (95% CI 0.3, 0.5 kg/cm2), hamate bone (95% CI 0.2, 0.4 

Figure 1. Robotic passive mobilization treatment.
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kg/cm2), median nerve (95% CI 0.3, 0.6 kg/cm2), radial nerve (95% 
CI 0.2, 0.8 kg/cm2), and ulnar nerve (95% CI 0.2, 0.4 kg/cm2).

Grip strength measurements were obtained with a grip 
dynamometer (Baseline), which has a precision of ±3%. The grip 
dynamometer has 5 settings representing grip spans; however, 
position 2 was used during this study because it has been shown 
to be the most reliable for reporting maximal grip strength for both 
clinical and research purposes (37). Pinch strength was measured 
with a mechanical pinch gauge (Baseline). The reliability of the pro
cedure to measure pinch strength has been shown to be intraclass 
correlation coefficient 0.93 (38). Patients, placed in a seated posi
tion, with elbow flexed to 90°, forearm in neutral resting on the arm 
of the chair, and wrist in neutral, were instructed to compress the 
dynamometer with maximal isometric contractions for 3 seconds. 
The reported strength value was the average of the 3 trials meas
ured (with a 1minute rest period between each measurement).

Sample size determination. The sample size and power 
calculations were performed with ENE 3.0 software (GlaxoSmith
Kline, Universidad Autónoma). The calculations were based on 
detecting the mean difference of a 2cm, minimum clinically impor
tant difference (MCID) (39) on a 10cm VAS, assuming an SD of  
2 cm, an α level of 0.05, and a desired power of 90% and a 2tailed 
test structure. The estimated desired sample size was 30 individuals 
per group. To accommodate expected dropouts before study com
pletion, a total of 36 participants were included in each group.

Statistical analysis. Data were analyzed using SPSS 
for Windows, version 24, conducted following an intentto
treat analysis using the lastvalueforward method. The results 
are expressed as means, SDs, and/or 95% CIs. A Kolmog
orovSmirnov test showed a normal distribution of the data. 
Separate 2 × 2 × 3 mixedmodel analyses of variance (ANO
VAs), with group (experimental, control) as the betweensub
jects factor and side (ipsilateral, contralateral to the hand with 
OA) and time (baseline, postintervention at 4 weeks, and at 
3months followup) as withinsubject factors, were con
ducted to examine the effects of the intervention on VAS score, 
PPT, and pinch and grip strength as the dependent variables. 
The main hypothesis of interest was group × time interaction. 
Post hoc comparisons were conducted using Bonferroni cor
rection. Betweengroups effect sizes were calculated using 
Cohen’s d coefficient. We considered an effect size >0.8 large, 
~0.5 moderate, and <0.2 small (40). The statistical analysis was 
conducted at a 95% CI, and P values less than 0.05 were con
sidered significant.

RESULTS

Demographic and clinical data on patients. A total of 
74 consecutive patients were screened, and 72 patients (32 men 
and 40 women, ages 74–90 years) were eligible and agreed 
to participate. Figure 2 shows the recruitment and retention of 

Figure 2. Consort flow chart.
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patients through the trial. Baseline characteristics of the patients 
in each group are presented in Tables 1 and 2.

Response to treatment. Pain intensity of the hand. For 
average VAS during pinch strength testing, over the last 24 
hours and over the last week, the ANOVA revealed no sig
nificant group × time × side, group × side, or side × time (all 
P > 0.05) interactions. There was also no significant main effect 
for side. There was a significant main effect of group × time for 
pain intensity in VAS score over the last 24 hours (F = 5.47, 
P = 0.02) but not in VAS score during pinch strength testing 
(F = 0.56, P = 0.46) or VAS score over the last week (F = 0.19, 
P = 0.66). Post hoc analysis indicated that patients with hand 
OA receiving the NIG intervention experienced a significant 
reduction in pain immediately postintervention (experimen
tal group mean 1.4 [95% CI –1.8, –0.9]; control group mean 
0.6 [95% CI –1.1, –0.1]; mean difference between groups 0.8 
[95% CI –1.1, –0.5]; all P < 0.01) but not at 3month followup 
for the dominant side (VAS score over the last 24 hours). 
Betweengroups effect sizes were moderate at posttreatment 
and followup periods (d < 0.2).

PPTs. PPT data for the 5 sites are presented in Table 2. 
The ANOVA revealed no statistically significant group × time × 
side, side × time, or group × side (all P > 0.05) interactions. 
The ANOVA did reveal significant group × time interactions for 
PPT over the ipsilateral thumb CMC joint (P = 0.044), median 
(P < 0.001), and radial (P = 0.005) nerves for the experimental 
group, and group × side interactions for PPT of the median nerve 
(P = 0.001) for the experimental group.

The post hoc testing revealed increases in PPT at the thumb 
CMC joint and the median and radial nerves in the experimental 
group immediately after intervention as compared with baseline 

data (experimental group mean 0.7 [95% CI 0.6, 0.8]; control 
group mean 0.2 [95% CI 0.1, 0.4], experimental group mean 
0.7 [95% CI 0.6, 0.7]; control group mean 0.1 [95% CI 0.2, 
0.4] and experimental group mean 0.5 [95% CI 0.3, 0.6]; con
trol group mean 0.2 [95% CI 0.1, 0.4], respectively; all P < 0.02) 
but not at 3month followup. The post hoc testing also revealed 
a significant difference between groups in PPT on the median 
nerve on both sides (dominant side mean 1.5 [95% CI 2.2, 0.9]; 
nondominant side mean 1.1 [95% CI 1.8, 0.4]; P = 0.01) but not 
at 3month followup. Betweengroups effect sizes were of a 
small to moderate (between d = 0.09 and d = 0.25) and small 
(d < 0.2) mean difference between groups after the intervention.

Pinch and grip strength. For key pinch strength, the ANOVA 
revealed no significant group × time × side (F = 1.49, P = 0.23), 
group × time (F = 0.01, P = 0.99), side × time (F = 0.06, P = 0.81), 
or group × side (F = 0.46, P = 0.50) interactions. For grip strength, 
the ANOVA revealed no significant group × time × side (F = 2.71, 
P = 0.11), group × time (F = 0.02, P = 0.89), side × time (F = 3.35, 
P = 0.07), or group × side (F = 0.33, P = 0.57) interactions (Table 2).

DISCUSSION

Our results showed significantly heightened PPTs (indicat
ing lower pain sensitivity) over the thumb CMC joint and median 
and radial nerves immediately after neurodynamic mobilizations 
but not after passive movement. There was also a significant 
decrease in pain intensity over the past 24 hours in the dominant 
hand of the NIG intervention group. However, these effects were 
not maintained at 3 months postintervention.

These results are similar to those of previous work investigat
ing the effects of neurodynamic mobilization on individuals with OA 
of the CMC thumb joint. For example, Villafañe et al (28) found in 
a series of 15 patients with OA of the CMC thumb joint receiving 
neurodynamic mobilization changes in PPT over the carpal bones 
immediately following the techniques. In a followup clinical trial, 
the same group found radial nerve mobilizations to be superior to 
placebo for improving PPT and pinch strength (29). Furthermore, 
a clinical trial examining the effects of radial mobilization also found 
that nerve techniques were superior to placebo for improving 
sensory deficits (16). However, those studies only examined the 
effects of a single intervention, radial nervebiased mobilization. 
The current study is the first to examine effects of median and 
ulnar nerve–biased techniques in individuals with hand OA.

The presence of widespread hyperalgesia to pressure in indi
viduals with OA of the CMC thumb joint has been reported previ
ously (41). Clinically, a reliable way to assess pain sensitivity in the 
hands and arms of patients with OA is by applying firm pressure 
over several IP joints of each hand and over the adjacent phalan
ges, and then proximally to include firm palpation of the muscles 
of the forearm, including the lateral epicondyle region, to assess 
overall pain threshold (4). If the individual is tender in many of these 
areas, or in just the muscles of the forearm, he or she is likely 

Table 1. Characteristics of patients at baseline*

Characteristics
Exp. 

(n = 36)
Con. 

(n = 36)
Age, years 71 ± 11 69 ± 12
Female sex, no. (%) 21 (58) 19 (52)
BDI score 2.7 ± 1.2 3.0 ± 1.7
STAI score 22.9 ± 3.4 23.8 ± 3.1
Q-DASH score 22 ± 15 19 ± 12
Right hand

VAS score, strength† 2.4 ± 1.5 2.5 ± 1.4
VAS score, 24 hours‡ 3.0 ± 2.2 3.0 ± 1.6
VAS score, 1 week§ 2.5 ± 1.5 2.8 ± 1.4

Left hand
VAS score, strength† 1.2 ± 0.6 1.0 ± 0.1
VAS score, 24 hours‡ 1.6 ± 1.3 1.2 ± 0.5
VAS score, 1 week§ 1.5 ± 1.1 1.2 ± 0.5

* Values are the mean ± SD unless indicated otherwise. BDI = Beck 
Depression Inventory; Con. = control group; Exp. = experimental 
group; Q-DASH = Quick Disabilities of the Arm, Shoulder, and Hand; 
STAI = State-Trait Anxiety Inventory; VAS = visual analog scale. 
† VAS score while executing a grip strength. 
‡ VAS score over the last 24 hours. 
§ VAS score over the last week. 
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diffusely tender (i.e., has a low central pain threshold) (4), whereas 
patients who exhibit sharp local tenderness or pain distal to the 
joint with OA may exhibit CNS hypersensitivity (34).

We agree with previous recommendations that clinicians 
should take into account the presence of central sensitization and 
widespread pressure pain hypersensitivity in patients with hand 
OA by not limiting their intervention to the affected area (18). We 
used the neurodynamic sliding techniques in our study. Alterna
tive neurodynamic methods (e.g., tensioning techniques) exist 
that are proposed to affect intraneural pressure, thereby affecting 
function (12). However, we specifically used sliding techniques to 
allow large amplitude movements to be performed. This may pres
ent the movement in a novel way to the brain, uncoupling pre
viously learned expectations of pain with movement (12). It has 
also been suggested that the largerrange sliding movements may 
decrease the fear of movement, assisting in cortical remapping (12) 
and decreasing sensitivity, as generally seen in the current study. 
Specifically, we identified improvements in PPT at the median and 
radial nerves; however, we didn’t see the same effect at the ulnar 
nerve. Therefore, the true physiologic mechanisms by which slid
ing techniques alter PPT at the median and radial nerves require 
further scientific investigation.

In our prior work (36), we identified MDC values for PPT in 
individuals with hand OA across many of the regions tested in 
the current study. Changes in PPT that exceeded the MDC were 
identified for the thumb CMC joint and over the radial and median 
nerves in this study. What is not known is the MCID for individuals 
with hand OA. The MCID has been established in patients with 
hip and knee OA, with a status of “much better” as a reduction 
of 33%, while 15% reduction was considered “slightly better” (42) 
for changes in sensitivity measures (i.e., PPT). Our study found 
that changes in the PPTs of the thumb CMC joint and median 
and radial nerves ranged from 11% to 13% in the arthritic hand. 
Although not reaching the benchmark of 15–33% for lower 
extremity OA, the changes found in the current study surpassed 
10% and may potentially be clinically relevant.

Our study did have some limitations. We only used 1 test
ing measure to determine the presence of pain sensitivity (i.e., PPT). 
It would be useful to use multiple testing measures to adequately 
assess painprocessing alterations in hand OA. Also, we assessed 
outcomes at 4 weeks and then again at 3 months. It would be 
useful to have a longer followup period. Despite the conflicting 
evidence for the effect of neurodynamic mobilization on nerve con
duction velocity, performing such testing bilaterally might also have 
provided insight into any changes in central and peripheral neural 
function. Also, it was impossible to blind the patients to the treat
ment that they received, although all patients received the same 
information regarding the efficacy of the treatment. Both groups 
received a program of hand stability exercises as well. This may be 
a confounding variable if the combination of treatments (i.e., NIR 
and exercise) was more important for outcome than the treatments 
without exercise. Additionally, 1 physical therapist (PP) performed all 

treatment techniques, which may limit the generalizability. Another 
limitation is that we did not assess all outcome domains recom
mended in the Outcome Measures in Rheumatology–Osteoarthritis 
Research Society International core sets for outcome measurement 
in hand OA trials (43); specifically, physical function and health 
related quality of life. Consequently, we are unable to comment on 
the impact of observed changes in the proxy measures of sensi
tization (i.e., PPT) in these areas. Future studies should also con
sider incorporating a graded motor imagery program, which may 
provide better insight into the role of peripheral versus central input 
in the maintenance of sensitization in this disorder.

In conclusion, we found that neurodynamic mobilizations 
(sliding techniques) and exercise decreased hypersensitivity in 
patients with hand OA to a greater extent than passive movement 
combined with exercise immediately after the intervention. We are 
unable to calculate the effect of the neurodynamic mobilization 
without the influence of the exercise program. These results were 
not maintained at the 3month followup. Therefore, future studies 
should continue to examine the effects of neural mobilization in 
individuals with hand OA to determine if any true benefits exist.
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Foot Orthoses and Footwear for the Management of 
Patellofemoral Osteoarthritis: A Pilot Randomized Trial
Narelle Wyndow,1  Kay M. Crossley,1  Bill Vicenzino,2  Kylie Tucker,2  and Natalie J. Collins1

Objective. To determine the feasibility of a full-scale randomized controlled trial (RCT) comparing foot orthoses 
and footwear to footwear alone in individuals with patellofemoral (PF) osteoarthritis (OA).

Methods. This 4-month, parallel, 2-arm pilot trial took place in Brisbane, Queensland and Hobart, Tasmania 
(August 2014 to October 2016). Forty-six individuals with PF OA were randomized by concealed allocation to foot 
orthoses plus prescribed footwear (n = 24) or prescribed footwear alone (n = 22). Study feasibility was the primary 
outcome (e.g., recruitment rate, adherence, adverse events, dropout rate). Secondary outcomes included patient-
reported outcome measures of pain, function, and quality of life. Effect sizes with 95% confidence intervals were 
calculated at the 4-month primary end point (standardized mean differences for between-group effects; standardized 
response mean for within-group effects).

Results. From 782 volunteers, 47 were eligible (6%), and 46 participated. One participant withdrew (2%), and 1 
(2%) was lost to follow-up. Intervention adherence was high for both groups (9–10 hours of wear per day). No serious 
adverse events were reported. More than 80% of questionnaires were completed at 4 months. Between-group effect 
sizes for patient-reported outcome measures were typically small, while moderate-to-large within-group response 
effects were observed in both groups.

Conclusion. A full-scale RCT for PF OA is feasible with modifications to eligibility criteria. However, our observed 
small between-group effect sizes, combined with moderate-to-large within-group responses for both interventions, 
indicate that a full-scale trial is unlikely to find clinically meaningful differences. Secondary outcomes suggest that 
both interventions can be recommended for individuals with PF OA.

INTRODUCTION

Worldwide, osteoarthritis (OA) is a leading cause of mus-
culoskeletal pain and disability (1), most frequently affecting the 
knee (2). The patellofemoral (PF) joint is frequently affected by OA, 
either in isolation (~25%) or combined with tibiofemoral (TF) OA 
(~40%) (3). PF OA affects individuals in the work force (4,5), can 
lead to total knee replacement (6), and has societal and financial 
impacts (7). Different biomechanics, and consequently manage-
ment approaches, are proposed to be associated with isolated 
PF OA compared to isolated TF OA, or combined TF and PF OA 
(8). For example, TF OA is typically associated with higher external 
knee adduction moment and may be managed with valgus knee 

braces and lateral wedge insoles (8), while PF OA is commonly 
associated with knee valgus alignment, and such interventions are 
not optimal for PF OA (8). Thus, effective nonsurgical interventions 
specifically targeted to PF OA are needed.

PF OA shares many clinical similarities with PF pain in younger 
individuals and has been proposed to form a disease continuum 
related to aberrant biomechanics (3). Supporting this, recent evi-
dence demonstrates that one-fourth of young and middle-aged 
adults with PF pain have radiographic evidence of PF OA (9). As 
such, interventions that are effective for PF pain may provide similar 
benefits in those with PF OA. In PF pain, foot orthoses (FOs) can 
improve pain and function (10,11) and produce similar outcomes 
to a multimodal physiotherapy program (10). However, the effect 

ACTRN: 12615000002583.
In-kind support for the footwear utilized in this study was provided by 

New Balance Australia, and for the foot orthoses by Orthema Australasia 
and Orthema Switzerland. The Australian Podiatry Education and Research 
Foundation provided funding for radiographs and consumables. Dr. Wyndow’s 
work was supported by the National Health and Medical Research Council 
(postgraduate scholarship 2132179). Dr. Tucker’s work was supported by the 
National Health and Medical Research Council (fellowship grant APP1009410; 
2011–2015). Dr. Collins’ work was supported by the University of Queensland 
(postdoctoral research fellowship) and Arthritis Queensland (2018 fellowship).

1Narelle Wyndow, MSpMed, PhD, Kay M. Crossley, PT, PhD, Natalie J. Collins, 
PT, PhD: La Trobe University, Bundoora, Victoria, Australia, and University of 
Queensland, Brisbane, Queensland, Australia; 2Bill Vicenzino, PT, PhD, Kylie 
Tucker, PhD: University of Queensland, Brisbane, Queensland, Australia.

No potential conflicts of interest relevant to this article were reported.
Address correspondence to Natalie J. Collins, PhD, School of Health and 

Rehabilitation Sciences, University of Queensland, Brisbane, Queensland 
4072, Australia. Email: n.collins1@uq.edu.au.

Submitted for publication January 31, 2019; accepted in revised form 
October 22, 2019.

https://orcid.org/0000-0002-1952-8433
https://orcid.org/0000-0001-5892-129X
https://orcid.org/0000-0003-0253-5933
https://orcid.org/0000-0003-4976-7483
mailto:
https://orcid.org/0000-0001-9950-0192
mailto:n.collins1@uq.edu.au
http://crossmark.crossref.org/dialog/?doi=10.1002%2Facr.24098&domain=pdf&date_stamp=2021-02-01


FOOTWEAR AND ORTHOSES IN PF OA |      241

of FO in individuals with PF OA has yet to be investigated. Further, 
the quality of footwear worn impacts on PF pain (12), and footwear 
interventions can improve pain and function in TF OA (13). To deter-
mine the specific efficacy of FO in those with PF OA, the potential 
influence of footwear on pain and function in PF OA needs to be 
controlled for in study design.

This study primarily aimed to investigate the feasibility of con-
ducting a randomized clinical trial (RCT) of adding FO to footwear 
in individuals with PF OA. Secondary aims explored outcomes of 
pain, physical function, and quality of life.

SUBJECTS AND METHODS

This pilot study was a 4-month, randomized, asses-
sor-blind, multicenter, parallel group trial with a 1:1 allocation. The 
trial design was developed conforming to Standard Protocol Items: 
Recommendations for Interventional Trials guidelines (14,15) and 
reported using the Consolidated Standards of Reporting Trials 
statement extension for pilot trials (16). This trial was prospectively 
registered with the Australian New Zealand Clinical Trials Registry 
(7 January 2015; registration number ACTRN12615000002583). 
The full protocol has been detailed in a previous publication (17).

We recruited volunteers in Brisbane, Queensland, and in 
Hobart, Tasmania, Australia. Both sites utilized the same multi-
faceted recruitment strategy similar to our previous clinical trials 
(10,18). The University of Queensland’s Medical Research Eth-
ics Committee granted approval for both sites (approval number 
2014000068). All participants provided informed written consent 
prior to participating in the study.

Eligibility criteria. Inclusion criteria were as follows: 1) 
ages ≥40 years; 2) anterior knee pain aggravated by 2 PF loading 
activities (e.g., squatting, stair ambulation)  (19); 3) pain present 
during these activities on most days in the past month, >30 mm 
on a 100-mm visual analog scale (VAS); and 4) radiographic 
or magnetic resonance imaging (MRI) evidence of PF OA. Radi-
ographic criteria included doubtful joint space narrowing and/or 
possible osteophytic lipping (Kellgren/Lawrence [K/L] grade ≥1 
[20]), while MRI criteria were definite PF osteophytes and partial 
or full thickness cartilage loss (21). The presence of audible or 
palpable crepitus was also assessed.

Volunteers were excluded if they had the following: 1) con-
comitant pain from other knee structures, hip, or lumbar spine; 2) 
treatment for PF pain in the last 3 months, or FO or physiotherapy 
within the previous 12 months; 3) any condition precluding the 
use of FO; 4) knee or hip arthroplasty or osteotomy; 5) planned 
lower extremity surgery in the following 4 months; 6) moderate-
to- severe radiographic TF OA (K/L grade ≥3); 7) any neurologic or 
systemic arthritis conditions; 8) physical inability to undertake test-
ing; 9) contraindications to radiography; or 10) inability to under-
stand written and spoken English.

Procedure. Volunteers were screened for eligibility criteria 
via telephone interview. Potential participants attended a private 
radiology practice for knee radiographs (anteroposterior and sky-
line views) of their most affected knee if no current baseline imag-
ing was available. Volunteers fulfilling radiographic eligibility criteria 
were then invited to undergo clinical examination by a registered 
podiatrist (NW) to confirm eligibility. A sample size of 22 partici-
pants per group was established based on feasibility with respect 
to time and funding (17).

After collection of baseline measures, participants were ran-
domized via concealed allocation to 1 of 2 interventions: custom-
ized FO plus prescribed footwear; or prescribed footwear alone. 
The randomization schedule was generated via a simple random 
number table by an investigator (KT) not involved in determin-
ing eligibility nor in data collection at any time point. Allocation 
concealment was maintained by the same investigator (KT), who 
revealed group allocation via telephone to the primary investigator 
(NW).

The primary investigator (NW) issued patient-reported out-
come measures at baseline, 2 months, and 4 months postran-
domization. Outcome measures were collected by a research 
assistant and analyzed by an investigator who remained 
blinded to group allocation (NJC). Neither the primary investi-
gator providing the interventions nor the participants could be 
blinded to treatment group allocation due to the nature of the 
interventions.

Interventions. Two to 4 weeks after the baseline testing 
session, participants were provided their allocated interventions 
by the primary investigator, a registered podiatrist (NW). All par-
ticipants received an education package outlining wearing-in 
procedures. General information on PF OA and advice regard-
ing management of the condition was provided. Participants were 
encouraged to continue with all regular activities but to avoid using 
new pain medications, topical preparations, knee braces, or addi-
tional physical therapies for their knee during the study.

Customized FOs were manufactured by Orthema from sin-
gle, medium-to-high density ethyl vinyl acetate bases (Shore A 
hardness scale 45°) and covered in 1.5-mm medical grade Ortho-
Neo neoprene (Orthema) (Figure 1A). Additions were according to 
a standardized procedure (17).

SIGNIFICANCE & INNOVATIONS
• Both footwear and footwear plus foot orthoses

interventions improve pain and function in patel-
lofemoral osteoarthritis.

• A full-scale randomized controlled trial is feasible
with modifications to eligibility criteria.

• There was no clinically meaningful difference be-
tween footwear and footwear plus foot orthoses 
interventions.
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All participants received 1 pair of standardized shoes (New Bal-
ance 857 cross-training shoes) (Figure 1B), sized by an independ-
ent retailer (the Athletes Foot, Brisbane, Queensland; the Running 
Edge, Hobart, Tasmania). This shoe has equivalent lateral to medial 
support to minimize risk of excessive medial support or exaggera-
tion of varus alignment in those with mild co-existing TF OA.

FO modifications were performed to optimize comfort and 
foot alignment when worn in the prescribed footwear (17). Foot-
wear could only be modified by superficial adjustments. Modifica-
tions were kept to a minimum and documented (NW).

Adherence and retention. All participants were informed 
that both interventions were active interventions (i.e., neither was 
a control intervention). Participants kept a written daily log of hours 
of use of their prescribed intervention, hours of use of alternate 
footwear, knee pain severity (100-mm VAS), medication use, and 
a description of general activities undertaken during the study.

All participants were contacted via phone or email at 3 weeks 
for follow-up regarding their allocated intervention. They were 

invited for review the following week (week 4) in person with the 
primary investigator (NW) if they had any concerns. If participants 
reported no problems with their allocated intervention, they were 
not contacted again until 2-month patient reported outcomes 
were collected, and then at the 4-month end point of the study.

Outcome measures. All participants completed patient- 
reported outcome measures at baseline, 2 months, and 4 months. 
Baseline demographic data included age, sex, body mass, height, 
occupation and employment status, most affected knee, symp-
tom duration, and self-reported presence of knee crepitus. The 
primary end point was 4 months.

The primary outcome was feasibility of a full-scale RCT. 
Feasibility was assessed by evaluating the following: 1) recruit-
ment rate as the number of participants recruited per active 
recruitment month; 2) number of eligible participants as a per-
centage of those who made contact; 3) willingness of partici-
pants to commit to the study protocol over the 4-month period 
as determined by the number of participants completing the 
study, and adherence as indicated by diary completion; 4) 
optimal time frames for manufacture and provision of the inter-
ventions; 5) number of adverse events; 6) drop-out rate; and 
7) suitability of secondary outcome measures as assessed by 
the number of completed questionnaires at each time point.

Adverse events were defined as increases in knee pain, 
or pain in other regions of the back or lower extremities, that 
participants believed were related to the interventions. In such 
instances, the allocated interventions were withdrawn until the 
new pain settled and slowly reinstated as able without exacerbat-
ing any pain. The intervention was ceased if symptoms returned.

Secondary outcome measures were administered at 
baseline, 2 months, and 4 months via electronic or hard-copy 
formats dependent on participant preference. Full details 
are available in the study protocol paper (17). The main sec-
ondary outcome measures of interest were the following: 
1) knee pain severity on a 100-mm VAS for usual and worst 
pain (22); and 2) global rating of change (GROC) in knee pain. 
Additional secondary outcome measures included the follow-
ing: 1) VAS for pain severity during different tasks (22); 2) the 
Anterior Knee Pain Scale (AKPS) (23); 3) the Knee Injury and 
Osteoarthritis Outcome Score subscale for patellofemoral pain 
and OA (KOOS-PF) (24); 4) the PainDETECT Questionnaire 
(25); 5) the International Physical Activity Questionnaire (IPAQ);  
6) the Medical Outcomes Study Short Form 36 (SF-36) health 
survey (26); 7) the EuroQol 5-domain measure (EQ-5D) (27);  
8) the Tampa Scale for Kinesiophobia (TSK) (28); 9) the Arthritis 
Self-Efficacy Scale (ASES) (29); and 10) the Hospital Anxiety and 
Depression Scale (HADS) (30).

Statistical analysis. The primary feasibility outcomes for 
this study of recruitment rate, number of eligible participants, 
drop-out rate, adherence to interventions, number of adverse 

Figure 1. A, Ethyl vinyl acetate foot orthoses covered in 1.5-mm 
medical grade neoprene. B, New Balance 857 motion control cross-
trainer footwear.

A 

B 
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events, and diary and questionnaire completion were reported 
descriptively (e.g., percentages and mean ± SDs).

For secondary outcome measures, effect sizes were 
calculated for between- and within-group effects. Stand-
ardized mean differences (SMDs) and 95% confidence inter-
vals with Hedges’ corrections were calculated to compare 
group means at 4 months. Standardized response means 
(SRMs) were calculated to present within-group response 
effects using the difference in the means between baseline 
and 4 months divided by the SD of the change scores (31). 
Effect size thresholds for both the SMD and SRM were con-
servatively defined as ≥0.2 small, ≥0.6 moderate, and ≥1.2 
large (32). Sample size estimates were calculated based on 

between-group effect sizes, with an α of 0.05 and 90% power 
utilizing G-power, version 3.1.9.2.

No predefined thresholds were established on which to base 
progression to a full-scale RCT. Feasibility of a full-scale RCT was 
determined based on both primary and secondary outcomes.

Analyses were conducted on a blinded, intent-to-treat basis 
where all participants randomized were included. No data substi-
tution was applied. Analyses for patient-reported outcomes were 
conducted under the guidance of a statistician by a blinded co-inves-
tigator (NJC). Baseline participant characteristics and calculations 
of treatment and response effects were conducted by the primary 
investigator (NW) after the primary analyses were performed. SPSS 
software, version 23, was used to perform all analyses.

Figure 2. Participant flow through study. MRI = magnetic resonance imaging; PFOA = patellofemoral osteoarthritis; TFOA = tibiofemoral 
osteoarthritis.
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RESULTS

Between August 2014 and October 2016, 782 volunteers 
contacted the researchers in response to the recruitment strategy 
(Figure 2). The Queensland campaign was conducted primarily 
through social media advertisements (6 participants) and univer-
sity press releases (7 participants). The Tasmanian campaign was 
conducted primarily through local flyers and sandwich boards 
(9 and 6 participants, respectively). The majority of Queensland 
participants made initial contact via email, while the Tasmanian 
cohort made initial contact via telephone.

The flow of participants through the study is shown in Figure 2. 
A total of 244 participants did not reply after making  initial email or 
phone contact (244 of 782, 31%). Forty-seven participants met all 
inclusion criteria; however, 1 failed to attend baseline testing and 
was thus excluded. Another participant, who attended for baseline 
testing and was randomized into the FO plus footwear group, was 
excluded due to injuries sustained in an accident. The primary rea-
sons for exclusion were previous knee surgery (122 of 782, 16%) 
and pain from other regions (108 of 782, 14%). Recruitment rate 
was ~1.8 eligible participants per active recruiting month, and the 
overall percentage of participants entering the study was 5.9% (46 
of 782). Participant baseline characteristics are detailed in Table 1. 
In total, 43 participants completed the 4-month protocol, 22 of 24 
in the FO plus footwear group, and 21 of 22 in the footwear group.

At the primary end point (4 months), 41 of the 46 participants 
(89%) completed the main secondary outcomes of interest (VAS 
for usual and worst pain; GROC). Of the other secondary out-
come measures completed in hard copy, 80% of the PainDETECT 
Questionnaire, the IPAQ, and the Satisfaction With Treatment 
questionnaires were completed, while 83% of the HADS and 85% 
of the EQ-5D were completed (see Supplementary Table 1, avail-
able on the Arthritis Care & Research website at http://onlin elibr 
ary.wiley.com/doi/10.1002/acr.24098/ abstract). The remaining 
questionnaires were completed online, with 87% of the SF-36, 
87% of the pain severity and activity restriction VAS scales, 91% 
of the AKPS, 85% of the KOOS-PF, 85% of the TSK, and 87% of  
the ASES completed (see Supplementary Table 1, available at 
http://onlin elibr ary.wiley.com/doi/10.1002/acr.24098/ abstract). 
Average diary completion rate was 53% across both groups, with 
the footwear group returning more diaries than the FO plus foot-
wear group (64% and 46%, respectively).

Based on diary completion, participant adherence to the 
intervention was high, with the FO plus footwear group wearing 
their intervention for a mean ± SD 9.9 ± 2.1 hours per day, and 
the footwear group 9.8 ± 3.4 hours per day. A dropout rate of 2% 
(1 of 46) was recorded, with only 1 participant from the FO plus 
footwear group not responding at 4 months. Both the footwear 
and FO interventions could be acquired and delivered to the par-
ticipants within a 2-week time frame.

No serious adverse events were reported throughout the 
study. One participant in the footwear group withdrew due to an 

increase in knee pain, which quickly resolved with cessation of the 
intervention. Two participants experienced new pain. One partici-
pant in the footwear group experienced mild unilateral arch pain in 
the first month of wearing the footwear; however, this did not require 
additional interventions and resolved completely with no reoccur-
rence after 4 weeks. In the FO plus footwear group, 1 participant 
experienced low back pain from sitting for prolonged periods at a 
conference. This pain resolved after not per protocol health care 
and was considered to be unlikely related to the intervention.

Secondary outcomes. Visual inspection revealed no nota-
ble differences in baseline measures between groups except for 
the TSK, where the FO plus footwear group recorded greater fear 
of movement (Table 2). SMDs revealed mostly small between-
group effects at 4 months across secondary outcome measures 
(Table 2 and Supplementary Table 2, available on the Arthritis Care 
& Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24098/abstract). SRMs ranged from small to large for both 
groups across secondary outcomes (Table 3). However, the FO 
plus footwear group tended to demonstrate more moderate 
response effects than the footwear group. For GROC, 79% (19 of 
24) of the FO plus footwear group rated themselves as improved, 
similar to the 82% (18 of 22) in the footwear group. Two partici-
pants in each group reported no change in pain, while 1 participant 

Table 1. Participant baseline characteristics*

Foot orthoses 
+ footwear 

(n = 24)
Footwear 
(n = 22)

Age, mean ± SD years 58 ± 10 56 ± 10
Sex, female 146 (58) 17 (77)
BMI, mean ± SD kg/m2 27.5 ± 6.2 28.2 ± 6.4
Body mass, mean ± SD kg 76.5 ± 14.5 80.6 ± 22.4
Height, mean ± SD cm 167 ± 12.6 168 ± 8.3
Duration of symptoms

<3 months 0 0
3–6 months 1 (5) 2 (9)
6–12 months 2 (8) 0
1–2 years 2 (8) 1 (5)
>2 years 19 (79) 19 (86)

Crepitus 22 (92) 20 (91)
Occupation

Sedentary 7 (29) 10 (46)
Active 9 (38) 4 (18)
Not employed 8 (33) 8 (36)
Tertiary education completed 20 (83) 13 (59)

Physical activity
<2 hours per week 5 (21) 4 (18)
2.5–5 hours per week 5 (21) 7 (32)
5–10 hours per week 9 (37) 9 (41)
>10 hours per week 5 (21) 2 (9)

PainDETECT Questionnaire
Nociceptive 21 (88) 18 (82)
Unclear 1 (4) 2 (8)
Neuropathic 0 (0) 1 (5)
Missing data 2 (8) 1 (5)

* Values are the number (%) unless indicated otherwise. BMI = body 
mass index. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24098/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24098/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24098/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24098/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24098/abstract
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in the footwear group reported an increase in pain (1 of 22, 5%). 
For all other measures assessing treatment satisfaction and suc-
cess, both groups reported similar positive responses, with most 
participants rating the treatments as a success (Figure 3).

DISCUSSION

Findings suggest that a full-scale RCT of footwear and FO 
interventions in PF OA would be feasible with modifications to the 
inclusion criteria. However, a full-scale study would require 32,490 

participants in total to demonstrate a between-group difference 
based on the VAS for usual and VAS for worst pain. Eligibility 
criteria would need to be modified to make future studies com-
paring FO and footwear to footwear alone feasible in this pop-
ulation. With 782 individuals responding to advertisements, our 
recruitment strategies were successful in procuring 30 volunteers 
per month over the 26-month duration of the study. However, the 
vast majority were not eligible due to strict inclusion criteria. The 
primary reason for exclusion was previous knee surgery or injury, 
particularly arthroscopic surgery (122 volunteers). PF pain and 

Table 2. Between-group, 4-month mean differences (95% confidence intervals [95% CIs]), standardized mean 
differences (SMDs), and sample size estimates*

Between-group, 
mean difference 

(95% CI)
SMD 

(95% CI)†

Estimated 
total sample 

size‡
VAS

Usual (0–100) –0.07 (–1.05, 0.92) 0.04 (–0.57, 0.65) 32,490
Worst (0–100) –0.10 (–1.64, 1.44) 0.04 (–0.57, 0.66) 32,490

PSAR VAS (0–100)
Pain at rest 0.23 (–0.58, 1.03) 0.18 (–0.80, 0.44) 1,608
Pain with movement –0.08 (–1.13, 0.98) 0.05 (–0.56, 0.67) 20,794
Activity restriction –0.28 (–1.36, 0.81) 0.16 (–0.46, 0.78) 2,034
Pain worst activity –0.53 (–1.85, 0.80) 0.26 (–0.37, 0.88) 722
Pain with walking 0.40 (–0.76, 1.56) 0.22 (–0.84, 0.40) 1,076
Pain with sitting 0.03 (–0.90, 0.95) 0.02 (–0.64, 0.60) 129,950
Pain with rising 0.08 (–1.02, 1.17) 0.04 (–0.66, 0.58) 32,490
Pain with stairs –0.60 (–2.20, 1.00) 0.24 (–0.38, 0.86) 906
Pain with squatting –0.85 (–2.94, 1.24) 0.26 (–0.36, 0.88) 772
Pain with running –0.12 (–2.45, 2.20) 0.04 (–0.59, 0.66) 32,490
Overall 0.05 (–0.35, 0.45) 0.08 (–0.70, 0.54) 8,124

AKPS score (range 100–0) –5.76 (–20.57, 9.06) 0.25 (–0.37, 0.86) 834
KOOS-PF score (range 100–0) –2.07 (–15.75, 11.61) 0.10 (–0.53, 0.73) 5,200
ASES score (range 10–0)

Pain –0.88 (–2.23, 0.47) 0.42 (–0.21, 1.05) 298
Function 0.06 (–1.06, 1.18) 0.04 (–0.66, 0.59) 32,490
Other –0.36 (–1.33, 0.61) 0.24 (–0.39, 0.86) 906

TSK score (range 17–68) 1.21 (–3.23, 5.65) 0.18 (–0.81, 0.45) 1,608
IPAQ score (METpw) 279 (–1,560, 2,119) 0.10 (–0.75, 0.54) 5,200
SF-36 score (range 100–0)

Physical functioning 1.75 (–9.22, 12.72) 0.10 (–0.72, 0.52) 5,200
Role limitations due to physical health –16.26 (–36.53, 4.03) 0.51 (–0.12, 1.14) 202
Role limitations due to emotional 

health
0.83 (–20.70, 22.37) 0.02 (–0.65, 0.60) 129,950

Energy/fatigue –2.50 (–7.46, 2.46) 0.32 (–0.30, 0.95) 510
Emotional well-being –3.20 (–6.56, 0.16) 0.61 (–0.03, 1.24) 142
Social functioning 4.08 (–13.38, 21.53) 0.15 (–0.77, 0.47) 2,314
Pain 2.88 (–8.10, 13.85) 0.17 (–0.79, 0.45) 1,802
General health –2.75 (–9.81, 4.31) 0.25 (–0.37, 0.87) 834

EQ-5D score
Total (range 100–0) –0.04 (22.00, 0.09) 0.20 (–0.43, 0.83) 1,302
Best imaginable health VAS score 

(range 100–0)
4.34 (–6.59, 15.28) 0.27 (–0.96, 0.43) 716

HADS score (range 0–21)
Anxiety 0.05 (–0.39, 0.50) 0.07 (–0.71, 0.56) 10,610
Depression 0.05 (–0.29, 0.39) 0.10 (–0.73, 0.54) 5,200

* AKPS = Anterior Knee Pain Scale; ASES = Arthritis Self-Efficacy Scale; EQ-5D = EuroQol 5-domain measure; HADS = 
Hospital Anxiety and Depression Scale; IPAQ = International Physical Activity Questionnaire; KOOS-PF = Knee Injury and 
Osteoarthritis Outcome Score patellofemoral pain and osteoarthritis subscale; METpw = metabolic equivalent of task 
minutes per week; PSAR = Pain Severity and Activity Restriction Scale; SF-36 = Medical Outcomes Study Short Form 36 
(health survey); TSK = Tampa Scale for Kinesiophobia; VAS = visual analog scale. 
† SMD with Hedges’ g corrections. 
‡ Based on SMD. 
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crepitus was commonly diagnosed as chondromalacia patellae 
(33), with arthroscopic debridement of the joint a common inter-
vention (34). In addition, PF OA is often associated with previous 
knee trauma, particularly rupture and subsequent surgical repair 
of the anterior cruciate ligament (35). Thus, inclusion in future trials 
of those with PF OA who have had previous knee surgery or injury 
would improve recruitment rates and generalizability of study find-
ings and potentially allow for subgroup analyses.

Eligibility criteria were amended in the first 3 months of the 
recruitment process to allow MRI evidence of PF OA to confirm 

eligibility. Many volunteers presented with existing MRI evidence 
of PF OA (8 of 47, 17% of eligible participants). The Osteoarthritis 
Research Society International MRI definition of OA was used to 
determine the presence of OA (21). As more medical specialists 
utilize MRI for identification of early OA changes and to evaluate 
traumatic knee injury, future studies would benefit from allowing 
both radiographic and MRI evidence of PF OA to determine eligi-
bility. Accepting different forms of imaging to confirm eligibility cri-
teria ensures that all eligible participants are accepted into clinical 
trials. However, not having the same imaging modality for rating of 

Table 3. Within-group change scores and standardized response means (SRMs) (95% confidence intervals [95% CIs]) for the 4-month time 
of primary interest*

Foot orthoses plus footwear Footwear

0–4 month 
mean difference 

± SD†

SRM, 
0–4 months 

(95% CI)†

0–4 month 
mean difference 

± SD†

SRM, 
0–4 months 

(95% CI)†
VAS (0–100)

Usual –16.8 ± 18.4 0.92 (0.15, 1.68) –12.6 ± 12.4 1.02 (0.46, 1.58)
Worst –24.6 ± 23.2 1.06 (0.08, 2.03) –21.1 ± 20.8 1.01 (0.08, 1.95)

PSAR (0–100)
Pain at rest –9.8 ± 21.2 0.46 (–0.47, 1.39) –12.0 ± 22.4 0.54 (–0.44, 1.52)
Pain with movement –20.8 ± 20.3 1.02 (0.13, 1.91) –20.0 ± 19.5 1.03 (0.17, 1.88)
Activity restriction –22.0 ± 25.3 0.87 (–0.24, 1.98) –11.0 ± 20.7 0.53 (–0.38, 1.44)
Pain worst activity –32.8 ± 29.9 1.10 (–0.21, 2.41) –21.0 ± 20.7 1.01 (0.10, 1.92)
Pain with walking –16.5 ± 25.2 0.66 (–0.45, 1.76) –14.5 ± 17.9 0.81 (0.02, 1.59)
Pain with sitting –15.3 ± 20.5 0.74 (–0.15, 1.64) –7.5 ± 13.3 0.56 (–0.02, 1.55)
Pain with rising –15.0 ± 20.4 0.74 (–0.16, 1.63) –16.0 ± 24.1 0.66 (–0.40, 1.72)
Pain with stairs –33.8 ± 28.4 1.19 (–0.06, 2.43) –19.5 ± 23.7 0.82 (–0.22, 1.86)
Pain with squatting –25.3 ± 26.5 0.95 (–0.21, 2.11) –18.0 ± 29.1 0.62 (–0.66, 1.89)
Pain with running –17.1 ± 27.4 0.63 (–0.60, 1.86) –13.5 ± 40.6 0.33 (–1.44, 2.11)
Overall –7.0 ± 8.0 0.87 (0.52, 1.22) –3.5 ± 7.5 0.47 (0.14, 0.80)

AKPS score (range 100–0) 1.4 ± 3 0.05 (–11.33, 11.23) 6.3 ± 21.8 0.29 (–9.83, 9.25)
KOOS-PF score (range 100–0) 15.8 ± 18.1 0.87 (–8.79, 7.04) 14.1 ± 13.5 1.04 (–7.12, 5.04)
ASES score (range 10–0)

Pain 0.4 ± 2.4 0.19 (–1.22, 0.85) 1.4 ± 1.8 0.81 (–1.58, –0.04)
Function 0.4 ± 1.4 0.26 (–0.88, 0.36) 0.3 ± 1.1 0.31 (–0.80, 0.18)
Other 1 ± 1.7 0.57 (–1.30, 0.16) 0.7 ± 1 0.71 (–1.13, –0.29)

TSK score (range 17–68) –6.0 ± 5 1.2 (–0.98, 3.39) –2.1 ± 6.5 0.32 (–2.59, 3.23)
IPAQ score (METpw) –556 ± 3,732 0.15 (–1,724, 1,724) 13 ± 3,103 0.00 (–1,433, 1,433)
SF-36 score (range 100–0)

Physical functioning (n = 20) 14 ± 15.4 0.91 (–7.64, 5.82) 5.2 ± 10.7 0.49 (–5.18, 4.20)
Role limitations due to physical health 7.5 ± 32.5 0.23 (–14.49, 14.03) 3.7 ± 20.3 0.18 (–9.09, 8.72)
Role limitations due to emotional 

health
–5.8 ± 18.2 0.32 (–7.64, 8.24) –10 ± 19 0.53 (–7.82, 8.87)

Energy/fatigue 0.8 ± 5.7 0.13 (–2.62, 2.36) –2.3 ± 6.8 0.33 (–2.64, 3.30)
Emotional well-being –0.6 ± 5.6 0.11 (–2.32, 2.54) –0.2 ± 4.9 0.04 (–2.12, 2.20)
Social functioning 0.6 ± 29.9 0.02 (–13.14, 13.10) –3.6 ± 19.6 0.18 (–8.41, 8.78)
Pain –14.4 ± 18.5 0.78 (–7.31, 8.87) –9.3 ± 15.4 0.60 (–6.13, 7.34)
General health –0.3 ± 8.8 0.03 (–3.83, 3.89) 0.5 ± 9.7 0.05 (–4.31, 4.21)

EQ-5D score
Total (range 100–0) (n = 19) 7 ± 19 0.38 (–0.46, –0.30) 4 ± 11 0.40 (–0.45, –0.35)
Best imaginable health VAS (range 

100–0) (n = 12)
11.4 ± 21.2 0.54 (–12.52, 11.45) –0.2 ± 15.6 0.01 (–7.86, 7.89)

HADS score (range 0–21)
Anxiety –1.8 ± 2.6 0.72 (–0.46, 1.90) –0.3 ± 2.8 0.09 (–1.16, 1.35)
Depression –0.05 ± 1.10 0.46 (–0.05, 0.96) –0.4 ± 2.2 0.19 (–0.82, 1.20)

* AKPS = Anterior Knee Pain Scale; ASES = Arthritis Self-Efficacy Scale; EQ-5D = EuroQol 5-domain measure; HADS = Hospital Anxiety and 
Depression Scale; IPAQ = International Physical Activity Questionnaire; KOOS-PF = Knee Injury and Osteoarthritis Outcome Score patellofemoral 
pain and osteoarthritis subscale; METpw = metabolic equivalent of task minutes per week; PSAR = Pain Severity and Activity Restriction Scale; 
SF-36 = Medical Outcomes Study Short Form 36 (health survey); TSK = Tampa Scale for Kinesiophobia; VAS = visual analog scale. 
† Based on those participants for whom both 0-month and 4-month data were available (paired data). 
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baseline structural characteristics limits exploration of associations 
between study outcomes and baseline severity of structural OA. 
This was the case in the current study. Depending on funding limi-
tations and study aims, it is recommended that future trials consider 
acquiring at least radiographic images for all participants at baseline.

Both groups demonstrated high levels of daily adherence 
with their allocated interventions based on diary completion 
(average 9.5 hours per day). This number is similar to previous 
studies utilizing footwear interventions for TF OA (13,36). Due to a 
cooler climate, it was expected that Tasmanian participants would 
be more adherent with the leather study footwear than those in 
Queensland. However, we observed no differences in daily usage 
of the interventions between Queensland and Tasmanian partic-
ipants, with average wear time >9 hours per day in each loca-
tion. This suggests that adherence to footwear interventions is not 
adversely affected by warmer climates and is unlikely to impact on 
outcomes in a full-scale trial.

Only 1 adverse event requiring withdrawal from the trial was 
reported. This participant, one of the oldest individuals in the trial 
(age 77 years), experienced an increase in knee pain from the 
footwear intervention. This equated to 2% of participants discon-
tinuing treatment, similar to previous full-scale RCTs in TF OA (13). 
Thus, both interventions can be considered safe for use in a full-
scale RCT.

Between-group effect sizes were typically small, with effects 
favoring the FO group on measures of pain VAS, and effects 
favoring the footwear group on measures of self-efficacy and 

health-related quality of life. This suggests that there may be 
a minimal difference between the 2 interventions, although firm 
conclusions regarding efficacy cannot be drawn from this feasi-
bility study. However, both groups demonstrated positive, moder-
ate-to-large within-group response effects. The FO plus footwear 
group experienced large positive response effects for the TSK 
(SRM 1.2). Based on GROC, both groups rated that their condi-
tion had improved, much improved, or completely recovered (FO 
79%; footwear 82%). Both groups achieved responses greater 
than the minimum clinically important difference for reductions in 
worst pain rated on a VAS (20-mm) at the 16-week end point 
(FO 24.6 mm; footwear 21.1 mm). This reduction in worst pain is 
similar to that seen in response to prefabricated FO in individuals 
with PF pain ages 18–40 years (10,11). Furthermore, findings in 
these younger cohorts with PF pain indicate that those who wore 
poor support footwear at baseline experienced better outcomes 
in response to prefabricated FO use over 12 weeks (12). This sug-
gests that footwear support quality alone may impact on PF pain 
and is supported by the moderate-to-large response effects in the 
footwear group observed in the current study. However, to draw 
firmer conclusions, a full-scale RCT with a no-treatment control 
group is required.

The current study utilized a 4-month protocol. While a greater 
trial duration may have produced different between-group out-
comes, it is unlikely that different effects would be observed con-
sidering the small-to-medium between-group effect sizes. To the 
authors’ knowledge, there are no footwear intervention trials in PF 

Figure 3. Global rating of change and patient-reported outcomes for satisfaction and success of treatment at 4 months.
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pain or knee OA longer than 12 months. Considering the chronic 
nature of PF OA, trials that last >12 months are warranted to deter-
mine the longer-term effects of FO plus footwear interventions on 
pain and function. In addition, future trials quantifying the minimum 
number of hours per day that interventions need to be utilized to 
confer an effect would be of value to patients and practitioners.

The strengths of this study include the very low dropout rate 
and high adherence to the interventions in both groups. Although 
the strict eligibility criteria would not be feasible for the conduct 
of a full-scale trial, it can also be considered a strength of the 
current study, ensuring a more homogeneous sample. By only 
enrolling participants with isolated PF OA, the within-group results 
are not confounded by the presence of other pathology or surgi-
cally modified structure (e.g., meniscectomy) influencing the par-
ticipants’ potential biomechanical responses to the interventions. 
Further, as the current cohort had no history of previous lower 
extremity concerns, it is possible that these participants represent 
a subgroup of individuals who may develop PF OA related to long-
term altered biomechanics (3,37), a group that may be possible 
to target clinically at earlier stages of pathology to reduce the rate 
and extent of structural change within the joint.

There are several limitations of this study. It is not feasible 
for many people to wear the same shoe for the longer term. 
While some participants in substantial pain had no hesitation in 
limiting footwear to a single pair of shoes, there will be those in 
the general community who would be unwilling or unable (e.g., 
due to work footwear safety requirements) to limit their footwear 
in this manner. For example, 17 volunteers were excluded from 
this pilot trial due to work safety footwear requirements. Future 
study designs would benefit from a more generalizable footwear 
regimen incorporating a wider variety of footwear with similar sup-
port properties. While questionnaire completion rates were high 
in this pilot trial, the number of patient-reported outcomes was 
often reported as onerous by participants. Selection of a reduced 
number of key outcomes measures for a larger scale trial is rec-
ommended. The 2016 International Patellofemoral Pain Consen-
sus statement recommends that patient outcomes cover the 
core clinical constructs of pain, function, and global assessment 
(38). For future trials investigating PF OA, the following patient- 
reported outcomes are recommended based on their known mea-
surement properties in PF pain or knee OA and/or their ability to 
detect between-group and within-group differences in the current 
sample. Covering core domains, we recommend the Pain Severity 
and Activity Restriction VAS scales (pain), KOOS-PF (pain, func-
tion), and GROC (global assessment). For additional measures to 
evaluate health-related quality of life, psychosocial measures and 
physical activity levels, the EQ-5D, the TSK, the HADS, and the 
IPAQ are recommended. In addition, standardizing questionnaire 
and diary completion methods to either all hard copy or all elec-
tronic methods may reduce participant burden.

In conclusion, this phase II trial has demonstrated that 
a full-scale RCT is feasible with modifications to eligibility cri-
teria. However, based on the lack of between-group differences 
and moderate-to-large within-group response effects for both 
interventions, the findings indicate that a full-scale trial directly 
comparing footwear and foot orthoses with footwear is unlikely 
to find a clinically meaningful difference between interventions. 
Recruitment rates may be enhanced by less strict inclusion cri-
teria, while a footwear protocol that incorporates a variety of shoe 
styles would enhance generalizability. Our preliminary findings 
suggest that both interventions are safe and effective for individ-
uals with PF OA.
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Podiatry Intervention Versus Usual General Practitioner 
Care for Symptomatic Radiographic Osteoarthritis of the 
First Metatarsophalangeal Joint: A Randomized Clinical 
Feasibility Study
Kade L. Paterson,1  Rana S. Hinman,1 Ben R. Metcalf,1 Penny K. Campbell,1 Hylton B. Menz,2

David J. Hunter,3 and Kim L. Bennell1

Objective. To determine the feasibility of a clinical trial comparing a podiatry intervention to usual general 
practitioner (GP) care for people with first metatarsophalangeal (MTP) joint osteoarthritis (OA).

Methods. A 2-arm, participant- and assessor-blinded, randomized feasibility study was conducted over 12 weeks. 
Participants were age >40 years and had pain and radiographic OA in the first MTP joint. Participants in the podiatry 
group had 3 visits and received foot orthoses, exercise, manual therapy, and advice. Participants in the GP group had 
1 visit and received medication advice/prescription and the same advice as the podiatry group. Primary outcomes 
were measures of feasibility (recruitment, attendance, and retention rates; percentage of prescribed exercise sessions 
completed; orthoses wear hours/day; treatment fidelity). Secondary outcomes included self-reported pain, function, 
satisfaction, adherence, adverse events, and dropouts.

Results. A total of 236 people were screened, and 30 (13%) were included. All except 1 participant in the podiatry 
group attended the required clinical visits, and retention rates were 93% (podiatry group) and 80% (GP group). 
Participants completed 66% of the exercise sessions and wore orthoses for an average of 6.3 hours/day. Adherence 
to medication use was 5.3 on an 11-point numeric rating scale. Both treatment approaches improved pain and 
function by clinically important differences at 12 weeks.

Conclusion. A clinical trial comparing a podiatry intervention to usual GP care for people with first MTP joint OA 
is feasible. Given the improvements in pain and function observed, a larger appropriately powered clinical trial is 
warranted to evaluate the superiority of one treatment approach over the other.

INTRODUCTION

Osteoarthritis (OA) of the foot affects 16.7% of people age 
>50 years, making it is as prevalent as knee OA, and the most 
commonly affected foot site is the first metatarsophalangeal 
(MTP) joint (1). First MTP joint OA is highly debilitating, with most 
patients (72%) reporting pain described as disabling (1). The 
condition is characterized by the formation of a dorsal exostosis, 
with associated joint stiffness and reduced range of motion (2). 
Combined, the symptoms of first MTP joint OA lead to problems 

performing functional weight-bearing activities and impaired 
quality of life (3).

Despite the high prevalence and disabling nature of first MTP 
joint OA, there have only been 3 randomized clinical trials (RCTs) 
evaluating nonsurgical strategies for the condition. Of these, 1 
showed no difference between hyaluronic acid and saline injec-
tions (4), while another found no superiority of prefabricated foot 
orthoses over rocker-bottom shoes (5). Within-group analyses 
from this latter trial showed improvements in pain that exceeded 
the minimum clinically important difference in both groups,  
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suggesting that both treatments may be effective. However, the 
lack of a comparison group that did not receive a biomechanical 
intervention prevents conclusions regarding the effectiveness of 
such treatments. In the only other published RCT, the addition of 
manual therapy techniques and strengthening exercises for the 
first MTP joint to general physical therapies alone was found to 
result in superior improvements in joint pain and range of motion 
(6). Combined, these studies suggest that both targeted manual 
therapy and exercise, and biomechanical treatment such as foot 
orthoses, may be effective in improving symptoms associated 
with first MTP joint OA.

International OA guidelines, developed predominantly from 
research in hip and knee OA, recommend advice and information 
for self-management, alongside exercise and weight control. Sim-
ple analgesics such as paracetamol and/or oral or topical non-
steroidal antiinflammatory drugs are considered adjunctive to core 
treatments (7,8). However, we recently reported that management 
of first MTP joint OA by Australian general practitioners (GPs) was 
largely limited to medication prescription (9). In contrast, in a large 
international survey, we found that allied health practitioners who 
commonly treat people with first MTP joint OA, such as podiatrists 
and physical therapists, typically employ a range of treatment 
options. These include foot orthoses, targeted strengthening 
exercises, and manual therapy techniques, in addition to advice 
concerning physical activity, weight loss, appropriate footwear, 
and analgesia (10). To date, no research has investigated whether 
these approaches used by general medical and allied health prac-
titioners improve the symptoms associated with first MTP joint 
OA. This lack of clinical research hampers evidence-based prac-
tice and therefore makes it difficult for clinicians to choose effective 
treatments.

This study compared a podiatry intervention, comprised of foot 
orthoses, manual therapy, exercise, and advice, to usual GP care 
for people with symptomatic radiographic first MTP joint OA. The 
primary aim was to determine feasibility (recruitment, attendance 
and retention rates), adherence to study interventions (exercise 

sessions completed, orthoses wear time, and self-reported adher-
ence with orthoses and exercises), treatment fidelity (proportion of 
visits in which the clinician performed the planned treatment), and 
safety (number of reported adverse events). We also compared 
12-week change in pain, function, and global ratings of change.

PATIENTS AND METHODS

Design. This was an assessor- and participant-blinded, 
2-arm parallel group randomized clinical feasibility study com-
paring a podiatrist-delivered intervention of foot orthoses, exer-
cise, manual therapy, and advice, to a GP-delivered intervention 
of medication and advice in people with symptomatic radiographic 
first MTP joint OA. The study was designed to recruit 15 partici-
pants in each group, or a total of 30 participants, based on rec-
ommendations for pilot/feasibility studies (11,12). Study protocols 
and procedures were approved by the University of Melbourne 
Human Research Ethics Committee (#1543656), and all partic-
ipants provided written informed consent. The trial is reported 
using the Consolidated Standards of Reporting Trials 2010 check-
list of information to include when reporting a pilot or feasibility 
trial (see Supplementary Appendices A and B, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24107/ abstract) (13).

Patients. Participants age >40 years with symptomatic radio-
graphic first MTP joint OA were recruited from the community 
using advertisements, our network of medical and allied health 
practitioners, and our volunteer database. We chose an older age 
than in previous clinical trials to improve the likelihood of potential 
volunteers having radiographic OA. Participants who did not have 
their own foot radiographs within the past 12 months at screening 
underwent weightbearing dorsoplantar and lateral radiographs at 1 
of 3 study clinics using a standardized protocol. First MTP joint OA 
was defined as radiographic OA (a score of ≥2 for osteophytes or 
joint space narrowing on either the anteroposterior or lateral views, 
according to a radiographic atlas [14]) and self-reported pain ≥4 
on an 11-point numerical rating scale (NRS; with terminal descrip-
tors of “no pain” to “worst pain possible”) in the corresponding 
first MTP joint region on most days of the previous month. Exclu-
sion criteria were inflammatory or systemic arthritis; current or past 
6 months use of existing foot orthoses or intraarticular foot injec-
tions; a history of musculoskeletal foot surgery; other muscular,  
joint or neurologic condition affecting lower extremity function;  
inability to walk unaided; pain in any other location that is worse 
than their first MTP joint pain; significant hallux valgus deformity 
(grade 3 or 4 on the Manchester Scale [15]); or current treatment 
by a podiatrist or physical therapist for foot pain.

Procedures. Participants underwent online, telephone, 
and radiographic screening to confirm eligibility. Eligible volun-
teers then underwent baseline assessment electronically at the 

SIGNIFICANCE & INNOVATIONS
• There are very few clinical trials comparing any 

treatments for people with first metatarsophalan-
geal joint osteoarthritis, and this is the first to in-
vestigate the feasibility, safety, and efficacy of a 
podiatry intervention compared to usual general 
practitioner care.

• We found that both interventions were feasible and 
safe. Adherence to orthoses was good, while adher-
ence to exercise and medication use was lower.

• Improvements in pain and function that exceed-
ed minimum clinically important differences were 
found in both groups, but an adequately powered 
clinical trial is required to test the superiority of one 
treatment approach over the other.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24107/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24107/abstract
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University of Melbourne. Participants were randomly allocated to  
either the podiatry group or the usual GP care group. The rando-
mization schedule was generated by an independent researcher, 
concealed in consecutively numbered opaque envelopes, and 
stored in a centrally accessible locked location. Prior to group 
allocation and throughout the follow-up period, participants were 
not informed of the composition of each intervention to ensure 
participant blinding. Because all outcomes were self-reported, this 
trial was also assessor blinded.

Interventions. Podiatrist-delivered multifaceted inter-
vention. The intervention was developed by an expert panel of 
podiatrists from Australia (n = 6) and New Zealand (n = 1). To 
be considered an expert, panel members were required to have 
a PhD and meet at least 1 of the following criteria: authored at 
least 2 articles in the past 5 years related to the assessment 
and/or treatment of a musculoskeletal foot condition; gave an 
invited conference presentation within the past 5 years related 
to the assessment and/or treatment of a musculoskeletal foot 
condition; or obtained nationally competitive grant funding within 
the previous 5 years for research related to the assessment and/
or treatment of a musculoskeletal foot condition. Additionally, 
we also required a minimum of 3 members of the panel to hold 
concurrent clinical appointments with a case load that included 
people with OA of the first MTP joint.

To develop the intervention, the panel was first sent the out-
comes of our recent international survey of assessment and treat-
ment approaches used by podiatrists and physical therapists for 
individuals with first MTP joint OA (10). Next, the panel participated 
in a 1-hour teleconference meeting, during which they discussed 
the approaches identified in the survey and developed by consen-
sus the list of strategies to be included in the intervention protocol 
for this trial. A summary of the meeting outcomes was sent to 
all members following the meeting to provide an opportunity for 
final feedback. The final list of the first MTP joint OA treatment 
strategies included the items listed below.

Foot orthoses. Respondents to our survey indicated that 
they mostly prescribe prefabricated foot orthoses for people 
with first MTP joint OA, and the most common modifications 
included a varus wedge and either a first ray cutout or first ray 
extension (10). Thus, participants were issued a pair of me-
dium-density (relative density of 180 grams/m2) full-length 
prefabricated Formthotics (Foot Science International, Ltd., 
Christchurch, New Zealand), modified by the study podiatrist 
using a first ray cutout (Figure 1). Our expert panel then agreed 
that if the participant had no available first MTP joint range 
of motion or the first ray cutout–elicited pain, a first ray exten-
sion was used. The panel also agreed that if participants had 
a Foot Posture Index (16) score ≥7 (indicative of a pronated 
foot type) as assessed by the podiatrist, a 4º varus wedge was 
adhered to the plantar heel cup. Orthoses were fitted to partic-
ipants’ footwear at an initial clinic visit, and they were advised 

to wear the device for >6 hours/day. Orthoses were reviewed 
at follow-up visits 1 and 5 weeks later, and additional modifi-
cations to address comfort or adverse events were made (and 
documented) if necessary.

Home management program. This program was demon-
strated by the podiatrist during the initial clinic visit and reviewed 
and progressed at the follow-up visits. The participant was re-
quired to perform the program twice daily at home. The program  
was provided to the participant in a printed booklet and com-
prised exercises recommended by podiatrists and physical  
therapists from our international survey (10) and refined by our 
expert panel. These included: isometric flexor hallucis longus 
strength exercises, 3 sets of 10–20 repetitions, first MTP joint 
distraction (1 minute) and distal glides (1 minute), and soft tis-
sue massage to the plantar foot (5 minutes) using a massage 
ball (see Supplementary Appendices A and B, available on the  
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/ 
doi/10.1002/acr.24107/ abstract).

Self-management advice and plan. The study podiatrist 
provided advice to wear shoes with adequate depth and width, 
as well as advice on analgesia (a maximum of 4 grams/day of 
paracetamol if needed), weight management (general advice 
and dietitian referral if needed), and physical activity (30 minutes 
on most days).

Treatments were administered and reviewed at 3 clinic visits 
with the study podiatrist (weeks 0, 1, and 5). The initial visit was 
45 minutes, and subsequent visits were 30 minutes. If participants 
experienced ongoing problems with any component of the treat-
ment, they were permitted additional visits, which were also doc-
umented. Adherence was assessed through a daily diary to log 
exercise adherence and orthoses use each day for the past week, 
recorded retrospectively in monthly log books sent at the end of 
each month. Outcomes were again completed electronically at 
the participant’s home 12 weeks following their first intervention 
visit.

Usual care delivered by GP. Our analysis of national  
patient-encounter records for foot/ankle OA consultations with  
Australian GPs showed that the usual GP management is  
analgesia and antiinflammatory advice and/or prescription (9),  
supporting published qualitative research (17). Consequently, 
participants in this treatment group attended one 15-minute 
visit with a GP at which they received advice and/or prescrip-
tion of analgesics and antiinflammatory medication at the dis-
cretion of the GP. In addition, the GP also provided advice 
on weight management (general advice and dietitian referral if 
needed) and physical activity (30 minutes on most days). Par-
ticipants were permitted additional visits if they experienced 
an ongoing problem related to the treatment, and this addi-
tion was documented by the GP. Adherence was assessed 
through a daily diary to log medication use each day for the 
past week, recorded in monthly log books sent at the end of 
each month.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24107/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24107/abstract
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Treatment fidelity. The podiatrist and GP were trained to de-
liver their respective interventions by 1 of the study researchers 
(KLP). They were also provided with treatment notes that out-
lined the intervention protocol and in which they could record 
the treatment administered. Treatment fidelity was evaluated via 
review of treatment notes at the completion of the study.

Primary outcomes. The primary outcomes were param-
eters of feasibility, measured as 1) the recruitment rates, includ-
ing the number and percentage of participants who pass online, 

telephone, and radiographic screening, from the total number 
screened, 2) the number of treatment sessions attended in each 
group, 3) the percentage of prescribed exercise sessions com-
pleted, calculated as the average of the last week from each of 
the 3 monthly log books, 4) the average daily hours wearing foot 
orthoses, calculated as the average of the last week from each 
of the 3 monthly log books, and 5) the treatment fidelity, mea-
sured as the percentage of visits in which the clinician performed 
the prescribed treatments (18), obtained from each participant’s 
treatment notes.

Figure 1. An example of the medium-density full-length prefabricated Formthotics (Foot Science International Ltd, Christchurch, New 
Zealand), with a first ray cutout as used in the study.
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Secondary outcomes. Outcomes of foot pain and func-
tion were measured using 1) participant global ratings of overall 
change, change in pain, and change in physical function, meas-
ured at 12 weeks using 7-point Likert scales, from “much worse” 
to “much better,” 2) an 11-point NRS of pain on walking over the 
past week, self-assessed at baseline and 12 weeks, with termi-
nal descriptors of “no pain” and “worst pain possible,” 3) average 
overall pain in the last week on an 11-point NRS, self-assessed at 
baseline and 12 weeks with terminal descriptors of “no pain” and 
“worst pain possible,” and 4) the pain and function domains of the 
Foot Health Status Questionnaire (FHSQ) measured at baseline 
and 12 weeks. The FHSQ is a foot-specific 13-question measure 
that possesses a high degree of internal consistency and test–
retest reliability (19). Questions are scored using a Likert format, 
and output scores range between 0 and 100, where 0 indicates 
very poor foot health, and 100 indicates optimal foot health. For 
the global ratings of change outcomes, participants were cate-
gorized as improved if they rated themselves as “moderately bet-
ter” or “much better.” Other outcomes, recorded at 12 weeks, 
included treatment satisfaction on an 11-point NRS with terminal 
descriptors of “not at all satisfied” and “very satisfied”; self-re-
ported adherence to treatment received from the podiatrist or 
GP (“doing my exercises as I was asked,” “wearing the orthoses 
as instructed,” and/or “taking the medication as instructed”) 
and measured using an 11-point NRS with terminal descriptors 
of “strongly disagree” and “strongly agree”; the type, severity, and 
duration of any adverse events; and the number of dropouts, 
defined as participants not completing follow-up assessments.

Statistical analysis. Because this was a feasibility study 
that was not powered to detect between-group differences, com-
paring efficacy using inferential testing is not appropriate (20). 
Thus, all outcomes are presented using descriptive statistics, 
as means ± SDs, or number and percentage, where appropri-
ate. The mean between-group differences in 12-week change in 
pain and function outcomes in the podiatrist-delivered interven-
tion minus GP-delivered usual care group, and their associated 
95% confidence intervals (95% CIs), were calculated for partici-
pants who completed baseline and 12-week outcomes. All data 
were analyzed using SPSS software, version 22.0.

RESULTS

Participant characteristics. Participant demographic and 
clinical characteristics are shown in Table 1. Nearly three-fourths 
of the sample were women (n = 22), and most were overweight 
(n = 21; mean body mass index 27.6 kg/m2). Approximately two-
thirds reported bilateral symptoms (n = 19), and one-half had 
experienced first MTP joint symptoms for over 7 years (n = 15). 
At baseline, sample characteristics were similar between groups, 
except that participants in the podiatry group were heavier, and a 
higher proportion had a pronated foot posture.

Measures of feasibility. The flow of participants through 
the study is shown in Figure 2. A total of 236 potentially eligible vol-
unteers were screened online and via telephone between August 
2016 and May 2017, of which 167 were excluded. Most exclu-
sions were due to joint stiffness that lasted longer than 30 min-
utes (n = 53) or insufficient foot pain (n = 31). A further 39 of 69 
participants who underwent radiograph screening were excluded 
for lacking radiographic OA, leaving 30 participants (13%) with 
symptomatic radiographic first MTP joint OA recruited into the 
study. All randomized participants attended at least 1 of their clin-
ical appointments and began treatment. Three participants (20%) 
in the usual GP care group and 1 participant (7%) in the podiatry 
group did not complete the 12-week assessments and could not 
be contacted. This loss left 12 participants in the usual GP care 
group (80%) and 14 in the podiatry group (93%) at the final fol-
low-up timepoint.

All except 1 participant in the podiatry group attended 
the minimum number (n = 3) of required treatment sessions, and all 
received the foot orthoses with a first ray cutout. Two participants 
(13%) in the podiatry group had extra visits, 1 had a fourth visit for 
symptoms unrelated to the intervention, and another had 2 extra 

Table 1. Demographic and clinical characteristics of the sample*

Podiatry 
intervention 

(n = 15)

Usual  
GP care 
(n = 15)

Age, mean ± SD years 57.3 ± 7.4 60.6 ± 7.9
Female 11 (73) 11 (73)
Height, mean ± SD meters 1.67 ± 0.1 1.65 ± 0.1
Mass, mean ± SD kg 81.7 ± 16.7 70.6 ± 10.3
Body mass index, mean ± SD 

kg/m2
29.2 ± 3.3 26.0 ± 2.8

Symptom duration, mean ± SD 
years

10.0 ± 7.3 7.0 ± 5.2

Left side symptoms 6 (40) 3 (20)
Bilateral symptoms 10 (67) 9 (60)
Osteophyte grade†

1 0 (0) 0 (0)
2 8 (53) 12 (80)
3 7 (47) 3 (20)

Joint space narrowing grade‡
1 3 (20) 6 (40)
2 10 (67) 5 (33)
3 2 (13) 4 (27)

FPI score, mean ± SD§ 6.3 ± 2.4 4.1 ± 2.7
FPI category

Normal 6 (40) 11 (73)
Pronated 8 (53) 3 (20)
Highly pronated 1 (7) 1 (7)

Hallux valgus stage¶
None 14 (93) 12 (80)
Mild 1 (7) 3 (20)

* Values are the number (%) unless indicated otherwise. FPI = Foot 
Posture Index; GP = general practitioner. 
† Graded from 0 (absent) to 3 (severe) from the anteroposterior and/
or lateral views. 
‡ Graded from 0 (absent) to 3 (joint fusion in at least 1 point) from the 
anteroposterior and/or lateral views. 
§ Scored from –12 (highly supinated) to +12 (highly pronated). 
¶ Graded from 0 (none) to 4 (severe). 
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visits for midfoot symptoms that resolved with additional modifi-
cations to their foot orthoses. There was 1 further reported case 
of discomfort with orthoses that resolved with modification on the 
second visit, and 1 case of new hip soreness that resolved within 
a day on its own. On average, participants in the podiatry group 
completed 66% of the prescribed exercise sessions of 14 per 
week and rated their exercise adherence as mean ± SD 7.1 ± 1.9 
of 10 units. Regarding orthoses adherence, participants reported 
a mean ± SD daily wear time of 6.3 ± 3.7 hours and self-rated 
adherence of 7.0 ± 2.9 of 10 units. Satisfaction with exercise was 
rated as mean ± SD 7.6 ± 2.0 of 10 units, and satisfaction with 
orthoses as 8.2 ± 1.8 of 10 units. In the usual GP care group, 1 
participant (7%) had an additional visit for medication review. 
Adherence with medication use was mean ± SD 5.3 ± 4.2 of 10 
units. No adverse events were reported in the usual GP care group.  
Examination of the treatment notes showed that all 15 podiatry  
visits (100%) adhered to the prescribed protocol, whereas only 5 
GP visits (33%) correctly followed protocol. The most common pro-
tocol deviations included an extended consultation of 30 minutes 
(n = 8, 53%) and/or providing and discussing comprehensive OA 
education in the form of a printed booklet from the Arthritis Australia 
website (n = 9, 60%).

Measures of pain and function. Global ratings of overall 
change, change in pain and function, and NRS and FHSQ pain and 
function outcomes are shown in Table 2. At the 3-month follow-up, 
there was a greater proportion of participants in the podiatry group 
who reported improvements in the global ratings of change in pain, 
function, and overall. Both groups experienced similar improve-
ments in the NRS pain outcomes, with between-group differences 
in walking pain of 0.6 (95% CI –1.2, 2.4) and average pain of 0.2 
(95% CI –1.7, 2.1). Improvements in the pain and function domains 
of the FHSQ were also found in both groups. These improvements 
were again found to be similar, with between-group differences in 
the FHSQ pain domain of 1.8 (95% CI –19.0, 15.5) and in the 
function domain of –4.5 (95% CI –6.8, 16.1).

DISCUSSION

This study assessed the feasibility, adherence, and safety 
of a podiatrist-delivered multifaceted intervention compared to 
usual GP care for people with symptomatic radiographic first 
MTP joint OA. Both interventions were found to be feasible, safe, 
and acceptable to patients. Our preliminary results also suggest 
that both interventions led to improvements in pain, function, and 

Figure 2. Flow of participants through the study. GP = general practitioner; MTP = metatarsophalangeal; OA = osteoarthritis.

Online and telephone screening
(n = 236)

Radiographic screening
(n = 69)

Failed initial inclusion/exclusion criteria:
(n = 167)

Joint stiffness >30 mins: 53
Pain not in MTP joint: 10
Low pain level: 27
Using inserts/braces/custom footwear: 20
Did not respond to calls/messages: 10
Other: 47

Baseline assessment

Randomization
(n = 30)

Failed radiographic screening (n = 39)
Did not have radiographic OA: 33
Low foot pain: 5
Lost contact: 1

Allocated to usual care group 
(n = 15)

Allocated to multifaceted care group 
(n = 15)

1 visit with study GP At least 3 visits with study podiatrist

3-month assessment
(n = 12)

3-month assessment
(n =14)
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global ratings of change, but we were not powered to assess 
between-group differences. The findings of this study support a 
larger clinical trial to compare the superiority of these 2 interven-
tions in treating the symptoms of first MTP joint OA.

We found that a large clinical trial is feasible based on par-
ticipant recruitment rates, the number of sessions attended, and 
adherence with study interventions. Approximately 13% of peo-
ple who completed an online screening survey were ultimately 
recruited into this study. These rates are comparable to other 
larger RCTs in symptomatic radiographic first MTP joint (4) and 
knee (21) OA. The main reason for exclusion in our study was 
joint stiffness that lasted longer than 30 minutes. However, given 
the fact that we do not know whether this exclusion is required 
for a diagnosis of first MTP joint OA, future trials may consider 
removing this criterion to boost recruitment rates. The participants 
were recruited over 9 months; thus, we would expect to enroll ~4 
people per month in a larger trial based on data from this study. 
All participants attended at least 1 of their clinical appointments, 
with only 1 participant missing the minimum number of 3 appoint-
ments for the podiatry intervention. 

Our retention rate for the podiatry group was good, with only 
1 person lost to follow-up (retention rate 93%). However, 3 were 
lost in the usual GP care group and could not be contacted for 
follow-up assessment (retention rate 80%). Adherence with foot 
orthoses in the podiatry group was acceptable, with most partic-
ipants wearing orthoses for longer than the minimum requested 
time. Furthermore, our average daily orthoses wear time is higher 
than in a previous study comparing foot orthoses to rocker-soled 
shoes in people with first MTP joint OA (5). Adherence to exercise 
was lower, with participants completing 66% of the total prescribed 
exercise sessions over 12 weeks, although we acknowledge that 
the validity of self-reported measures of exercise adherence is 
questionable when compared with accelerometer-measured 
exercise completion (22). A future large clinical trial might consider 
implementing strategies to improve exercise adherence, such as 
scheduling booster sessions with the prescribing clinician (23).

Self-rated adherence with medication use was lower than 
adherence to orthoses and exercise, but further examination of the 
data showed that many participants reported that the study GP did 
not recommend they take medication (n = 5, 33%). Interestingly, 
examination of the GP consultation notes showed that all except 
1 participant were in fact recommended or prescribed medication. 
This discrepancy between the consultation notes and participant’s 
self-report is unclear but may be due to a range of factors. First, 
some participants may have had poor 12-week recall as to whether 
the GP recommended they take medication, particularly given that 
they were also provided advice on several other approaches, such 
as weight management and physical activity, during the same con-
sultation. Second, some participants were already taking analgesic 
and/or antiinflammatory medications and were advised to continue 
taking these medications by the study GP. Some of these partici-
pants may have incorrectly misinterpreted the adherence question 

as querying whether the GP had recommended a new medi-
cation. Finally, several participants were recommended to take 
paracetamol, an over-the-counter analgesic medication. Some 
participants may have believed that the question referred to pre-
scription medications only. A simple rewording of the adherence 
question about GP medication recommendations would prevent 
this problem in any future clinical trial.

Both interventions resulted in improvements in all measures 
of pain and function that exceeded minimum clinically important 
differences (1.8 for NRS pain [24], 11.1 for the pain domain of the 
FHSQ, and 9.7 for the function domain [25]). This study was not 
powered to detect between-group differences, and we observed 
conflicting findings across outcome measures. The conflicting 
findings likely reflect the small sample size and thus warrant a fully 
powered clinical trial to conclusively test whether one approach is 
superior to the other.

An important issue for consideration in any future large 
clinical trial was the reduced treatment fidelity in the usual GP 
care group. Upon review of the treatment consultation notes, 
we found that more than one-half of patients in the GP group 
had an extended consultation of 30 minutes, and nearly two-
thirds received a comprehensive printed generic instruction 
booklet from the Arthritis Australia website. The extended time 
and  booklet were contrary to both the clinician training and to 
the  protocol steps outlined in the treatment notes. In fact, this 
reduced fidelity may partly explain why the findings of our usual 
GP care group are inconsistent with previous reports that first 
MTP joint OA symptoms remain relatively stable with usual care 
(26). Future  clinical trials should ensure that the advice is more 
protocolized and specifies consistent verbal and/or written advice 
and instructions between the groups. Another limitation to this 
study is the lack of data on the mechanism of action of the inter-
ventions. Collection of mechanistic data in a future RCT may help 
to optimize treatments such as foot orthoses and exercises to 
improve efficacy in subsequent trials.

In conclusion, a clinical trial comparing a podiatrist-delivered  
multifaceted intervention to usual GP care for people with  
first MTP joint OA is feasible. However, this study has identified 
some areas for refinement of a future clinical trial protocol, including 
the modification of inclusion/exclusion criteria to increase recruit-
ment rates, implementing strategies to improve exercise adher-
ence, refining the question on medication adherence to enhance 
clarity, and providing consistent verbal and/or written OA advice 
and instructions to both groups. Given the improvements in pain 
and function observed, a larger appropriately powered clinical trial 
is warranted to evaluate the superiority of one treatment approach 
over the other.
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Impact of Systemic Lupus Erythematosus on the Risk of 
Newly Diagnosed Hip Fracture: A General Population-Based 
Study
Lingyi Li,1 Hui Xie,2 Na Lu,1 John M. Esdaile,3 and J. Antonio Aviña-Zubieta3

Objective. Hip fractures have serious consequences, including a 1-year mortality rate of 30%. Population-
based studies on hip fractures in individuals with systemic lupus erythematosus (SLE) are scarce. Our objective 
was to assess the independent risk of hip fractures in patients with newly diagnosed SLE compared to the general 
population, accounting for baseline and time-varying confounders.

Methods. A cohort of all patients with incident SLE who received health care between January 1, 1997 and 
March 31, 2015 was assembled. The primary outcome was the occurrence of the first hip fracture since the study 
entry date. Individuals without SLE were randomly selected from the general population and matched (5:1) to those 
with SLE based on age, sex, and index year. Cumulative incidence was calculated after accounting for competing 
risks of death. Marginal structural Cox models were used to estimate the impact of SLE on hip fractures, adjusting 
for baseline and time-dependent covariates (i.e., glucocorticoid use and the number of outpatient, inpatient, and 
rheumatologist visits).

Results. Among 5,047 individuals with incident SLE and 25,235 individuals without SLE (86% female, mean 
age 40 years), we found 73 and 272 hip fractures during 78,915 and 395,427 person-years, respectively. The crude 
incidence rate ratio was 1.34 (95% confidence interval [95% CI] 1.02–1.75). After adjusting for baseline covariates, 
the hazard ratio (HR) was 1.86 (95% CI 1.37–2.52). After further adjustment for time-dependent covariates, the HR 
remained significant at 1.62 (95% CI 1.06–2.48).

Conclusion. Patients with newly diagnosed SLE have a 62% increased risk of hip fractures compared to individuals 
without SLE. For patients with SLE, this result has important implications for prevention of osteoporosis, which may 
lead to hip fractures.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic systemic 
autoimmune inflammatory disease with extensive morbidity and 
premature mortality (1). A recent study suggests that survival rates 
of patients with SLE have not improved in recent years (2); there-
fore, the emphasis on prevention of complications that contrib-
ute to permanent organ damage and increased mortality among 
patients with SLE is critical.

Osteoporosis and osteoporotic fractures contribute to dam-
age in one of the most frequently involved organ systems in 

SLE, the musculoskeletal system (3). The etiology likely involves  
nondisease-related (e.g., glucocorticoid-induced adverse effects) as  
well as disease-related factors (e.g., inflammation due to dis-
ease activity) that contribute to bone loss in SLE (3,4). Previous 
studies have shown that patients with SLE have an increased 
risk of osteoporosis and fractures (3). Hip fractures represent the 
most devastating complication of osteoporosis, with up to 30% 
1-year mortality and 60% 5-year mortality (5,6). However, stud-
ies on whether SLE is an independent risk factor for hip fractures 
(regardless of glucocorticoid use) are scarce and inconclusive, 
especially population-based studies (7,8).
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A case–control study, a cross-sectional study, and 
a meta-analysis showed a significant association between SLE 
and hip fractures, with the risk ranging from 1.99 to 5.10 (4,9,10). 
Furthermore, 1 cohort study that used electronic medical records 
from primary care physicians in the UK showed an increased risk 
of hip fractures among patients with rheumatoid arthritis or SLE, 
with hazard ratios (HRs) ranging from 1.69 to 1.90 (11). However, 
that study did not test the association between SLE and hip frac-
tures alone. Another matched cohort study from Taiwan reported 
a crude incidence rate ratio of 2.23 (95% confidence interval [95% 
CI] 1.51–3.32) for the risk of hip fractures in the SLE cohort com-
pared to the general population but did not adjust for baseline 
or time-dependent risk factors (7). A more recent cohort study 
using Medicaid data from the US with a shorter follow-up time 
(2007–2010) reported an HR of 3.22 (95% CI 2.33–4.46) (12). In 
contrast, a substantially smaller and statistically insignificant HR of 
1.09 (95% CI 0.65–1.82) was reported in the UK, after adjusting  
for baseline and time-dependent risk factors using the time- 
dependent Cox proportional hazards model (8). Existing literature 
on longitudinal observation data analysis has shown the importance  
of accounting for time-dependent confounders or mediators via 
inverse weighting rather than adding them as covariates as in tra-
ditional Cox proportional hazards models (13,14). Covariates like 
glucocorticoids play an important role in the treatment of SLE and 
can cause glucocorticoid-induced osteoporosis (15); therefore, 
analysis needs to isolate and account for variables that can be 
intermediary variables between SLE and hip fracture.

The 4 cohort studies mentioned above used prevalent SLE 
cohorts, which have an inherent survival bias because the cohorts 
only included survivors, who may be less susceptible to hip frac-
tures (16). Thus, despite the potentially important association 
between SLE and hip fractures, the current literature is inconclu-
sive about the role of SLE-associated chronic inflammation on the 
risk of hip fractures, and findings are conflicting due to inadequa-
cies in the design and analytical approaches, as mentioned above.

The aim of this study was both to estimate the overall risk of 
hip fractures in an incident SLE cohort compared to the general 
population and to estimate the independent effect of SLE on the 
occurrence of hip fractures after adjusting for nondisease-related  

factors (e.g., medication-induced adverse effects, particularly 
from glucocorticoid use) and other traditional hip fracture risk  
factors at baseline and during follow-up.

SUBJECTS AND METHODS

Universal health care coverage is available for all residents 
of the province of British Columbia (BC), Canada (population  
~4.7 million). Population Data BC encompasses all provincially 
funded health care service data from January 1, 1990 to March 
31, 2015, including all health care professional visits (17), hospi-
talizations (18), registration on the provincial medical services plan 
(19), cancer registry (20), and vital statistics (21). Furthermore, 
Population Data BC includes the comprehensive prescription drug 
database PharmaNet (22), which captures all dispensed medica-
tions in outpatient settings for all BC residents since 1996.  Several 
population-based studies have been  successfully conducted 
using Population Data BC (23–25).

Study design and cohort definitions. Using Population 
Data BC, a 1:5 matched cohort study on the risk of incident hip 
fractures among patients with incident SLE (SLE cohort) com-
pared with age-, sex-, and index year–matched individuals who 
were randomly selected from the general population (non-SLE 
cohort) was conducted.

SLE cohort. The case definition of incident SLE included: 1) 
individuals age ≥18 years; 2) 2 principal International Classification 
of Disease, Ninth Revision, Clinical Modification (ICD-9-CM 710.0) 
or International Statistical Classification of Diseases and Related 
Health Problems, Tenth Revision, Clinical Modification (ICD-
10-CM M32.1, M32.8, M32.9) codes for SLE at least 2 months 
apart within 2 years from any type of physician or hospital visit; 
and 3) no SLE diagnosis in a 7-year run-in period prior to the first 
ICD code for SLE. The date of the second diagnosis date made 
within the timeframe (i.e., earliest time on the database after meet-
ing the SLE case definition) was defined as the SLE index date. Of 
the patients with SLE, 99.4% were diagnosed by rheumatologists 
or from hospitalization. Similar case definitions using Swedish reg-
ister data have been validated, with a sensitivity of 97.6% and a 
positive predictive value of 97.5% (26).

Non-SLE cohort. To assemble the comparison cohort, 
data for a random sample of ~2 million BC residents registered 
with the provincial medical services plan during the study period 
were used. Individuals without any history of SLE diagnosis were 
selected and matched to patients with SLE (5:1) based on age, 
sex, and calendar year of the SLE index date. Patients with SLE 
were also eligible to be selected into the non-SLE cohort prior to 
their diagnosis. To be comparable with the SLE cohort, all individ-
uals in the non-SLE cohort had a 7-year run-in period, the same 
criterion applied to the SLE cohort.

SIGNIFICANCE & INNOVATIONS
• The 62% increased risk of hip fractures in patients 

with newly diagnosed systemic lupus erythematosus 
(SLE) is independent of traditional risk factors, includ-
ing glucocorticoid use. This finding provides evidence 
on the direct role of SLE in the risk of hip fractures.

• SLE and its chronic inflammation should be consid-
ered new risk factors for hip fractures.

• Our results call for an increased awareness of and 
improved strategy to prevent hip fractures in pa-
tients with SLE.
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Exposure assessment. The primary exposure in the pri-
mary analysis was the diagnosis of SLE as defined above, which 
is a time-varying variable that changes its value from no to yes at 
the time of SLE diagnosis. The study period spanned from the 
study entry date (i.e., 7 years after the first registration date on 
the medical services plan) for each individual to March 31, 2015.

Ascertainment of hip fracture. The primary outcome 
was the occurrence of the first hip fracture since the study entry 
date. Incident hip fractures (ICD-9-CM codes 820.0, 820.2; ICD-
10-CM codes S72.0, S72.1, S72.2) were identified using hospital-
ization data. Similar definitions for hip fractures have been used in 
previous publications and were found to have a positive predictive 
value of 63–96% in a general practitioner database (27). Individ-
uals without a diagnosis of hip fractures, pathologic fractures, or 
Paget’s disease before the study entry date were selected into our 
study and were followed until they either experienced an outcome 
(i.e., hip fracture) or died or the follow-up period ended, whichever 
occurred first.

Covariate assessment. Baseline covariates were 
assessed within 12 months prior to the study entry date, including 
known potential risk factors for hip fractures. Covariates included 
age, sex, health resource utilization (number of outpatient visits, 
rheumatologist visits, hospitalizations), medication use (oral or 
injectable glucocorticoids [outpatient only], fibrates, statins, anti-
diabetes medications, anticoagulant therapy, other cardiovascular 
drugs, antidementia drugs, nonsteroidal antiinflammatory drugs 
[NSAIDs], hormone replacement therapy [HRT], cyclooxygenase-2  
[COX-2] inhibitors, and contraceptives), comorbidities (hyperten-
sion, cerebrovascular disease, alcoholism, ischemic heart dis-
ease, myocardial infarction, congestive heart failure, depression,  
malignancy, and chronic obstructive pulmonary disease 
[COPD]–related diseases). In addition, a history of surgery and 
the Romano modification of the Charlson Comorbidity Index 
for administrative data were also ascertained (28). To estimate 
time-varying covariates, the follow-up time was divided into 19 
time blocks (12 months per block) for each individual. Variables 
were then assessed in each 12-month period. These included 
glucocorticoid use (i.e., a binary variable) and health resource  
utilization (i.e., continuous variables), which acted as surrogates 
for disease activity.

Statistical analysis. Baseline characteristics of SLE and 
non-SLE cohorts were compared using chi-square tests for cat-
egorical variables or Wilcoxon’s rank sum tests for continuous 
variables. To calculate the risk of hip fractures during follow-up, 
the incidence rates per 1,000 person-years were calculated. 
Follow-up person-time from the study entry date until the date 
of hip fractures, death, or the date when the follow-up period 
ended, whichever occurred first, was computed. The Fine and 

Gray method was used to compare cumulative incidence func-
tions that adjust for the competing risk of death (29).

A multivariable Cox proportional hazards model was used 
to assess the effect of SLE on the risk of hip fractures, adjust-
ing for other risk factors at baseline only. In this analysis, the SLE 
diagnosis was considered the primary exposure, using a binary 
time-dependent variable with its value changing from 0 at the 
study entry date to 1 at the time of SLE diagnosis and afterward. 
All multivariable Cox models were adjusted for age and sex as well 
as other baseline covariates (i.e., rural or urban, neighborhood 
income quintile, health resource utilization, alcoholism, hyperten-
sion, ischemic heart disease, COPD-related diseases, depres-
sion, malignancy, Charlson Comorbidity Index score, NSAIDs, 
COX-2 inhibitors, HRT, glucocorticoids, anticoagulant therapy, 
other cardiovascular drugs excluding anticoagulant  therapy, 
fibrates or statins, and antidiabetes medication). Thus, the HR 
estimate for the primary exposure variable captured the risk of 
hip fractures associated with the SLE condition that was inde-
pendent of baseline risk factors. This Cox model did not include 
any time-varying risk factors during follow-up. As a result, the HR  
is confounded by the effect of other time-varying, nondisease- 
related factors, particularly glucocorticoid use during the follow-up  
period. Notably, when these time-varying risk factors were also 
intermediary variables from SLE to hip fractures, simply entering 
these time-varying risk factors as time-dependent covariates in the 
traditional multivariable Cox model would yield biased estimates 
of the true exposure effect (13,30). Moreover, fitting the traditional 
Cox model relies on the assumption of independent censoring. 
However, people experiencing censoring events may be system-
atically different in the time-varying risk factors from people who 
have not experienced censoring events; thus, ignoring dependent 
censoring can bias the HR estimates in the standard multivariable 
time-dependent Cox models.

To account for potential biases, analyses were conducted 
using a marginal structural Cox model (13), which is a class of 
causal models designed to properly adjust for time-dependent 
confounders that may also be mediators (e.g., glucocorticoid 
use), as well as to adjust for dependent censoring when evaluating  
the independent impact of SLE on the risk of hip fractures. 
Unlike traditional time-dependent Cox models, in marginal struc-
tural Cox models, pooled logistic regression models were used as 
the first step, with SLE status at each block as the dependent vari-
able, and with time-varying and baseline covariates as predictors 
to obtain the inverse probability of exposure weights for each per-
son-block. Using censoring status at each block as the dependent 
variable, the same procedure as above was applied to calculate 
the inverse probability of censoring weights. Then, a generalized 
estimating equation approach was used to estimate the risk of hip 
fracture using the inverse probability of exposure and censoring 
weights. As a result, the marginal structural Cox model yielded valid 
HR estimates for SLE-associated hip fracture risk that accounted  
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for mediators (13,14). SAS software, version 9.4, was used for all 
analyses, and for all HRs, 95% CIs were calculated.

Ethics approval. No personal identifying information 
was made available as part of this study. Procedures were in com-
pliance with BC’s Freedom of Information and Protection of Privacy 
Act. Ethics approval was obtained from the University of British 
Columbia’s Behavioral Research Ethics Board (H15-00887).

RESULTS

Baseline characteristics. After excluding individuals who 
had prior hip fractures and other pathologic conditions prior to the 
study entry date, 5,047 patients with SLE (86% female, mean age 
40 years) and 25,235 individuals without SLE (86% female, mean 
age 40 years) were identified up to the end of the follow-up period 
(March 31, 2015). Patients with SLE were matched with corre-
sponding non-SLE individuals based on age, sex, and calendar 
year of SLE index date. Table 1 summarizes the baseline char-
acteristics for both cohorts. Compared to the non-SLE cohort, 
the SLE cohort had more outpatient visits, rheumatologist visits, 
and hospitalizations, a larger Charlson Comorbidity Index score, 
and more preexisting comorbidities and medication use. All base-
line covariates were assessed within 12 months prior to the study 
entry date rather than the SLE index date. Glucocorticoid and 
hydroxychloroquine use during the 12 months prior to the index 
date was also estimated: 39.6% and 60.6% of patients with SLE 
had used glucocorticoids and hydroxychloroquine, respectively.

Risk of hip fracture in patients with SLE. During the 
follow-up time after study entry, 73 incident hip fractures (mean 
follow-up time of 10.75 years) were observed in the SLE cohort, 
compared with 272 (mean follow-up time of 11.32 years) in the 
non-SLE cohort. The incidence rate for hip fractures in the SLE 
cohort was 0.93 events per 1,000 person-years, while the corre-
sponding incidence rate in the non-SLE cohort was 0.69 events 
per 1,000 person-years. The cumulative incidence of hip frac-
tures was significantly higher in the SLE cohort compared to the 
non-SLE cohort after accounting for the competing risk of death 
(P < 0.001 for log rank test) (Figure 1).

Cox proportional hazards models with SLE initiation as a 
time-dependent variable were used, and the multivariable models 
were adjusted for age, sex, and baseline covariates (i.e., rural or 
urban, neighborhood income quintile, health resource utilization, 
alcoholism, hypertension, ischemic heart disease, COPD-related 
diseases, depression, malignancy, Charlson Comorbidity Index 
score, NSAIDs, COX-2 inhibitors, HRT, glucocorticoids, anticoag-
ulant therapy, other cardiovascular drugs excluding anticoagulant 
therapy, fibrates or statins, and antidiabetes medication). The cor-
responding HR was 1.86 (95% CI 1.37–2.52).

To further adjust for time-varying confounders after SLE diag-
nosis and dependent censoring, a marginal structural Cox model 

was created. The corresponding fully adjusted HR was 1.62 (95% 
CI 1.06–2.48) (Table 2). This risk estimate shows the direct role of 
SLE on hip fracture risk, independent of risk factors at baseline or 
during follow-up.

DISCUSSION

In this population-based study of a large incident SLE cohort, 
the overall risk of hip fractures was significantly higher follow-
ing SLE diagnosis (HR 1.62 [95% CI 1.06–2.48]) after adjusting 
for baseline risk factors and time-varying variables, including  

Table 1. Baseline characteristics of individuals with SLE and 
without SLE at the time of study entry date*

Variable
SLE cohort 
(n = 5,047)

Non-SLE 
(n = 25,235)

Demographics
Age, years 40.34 ± 14.81 40.47 ± 14.81
Female, no. (%) 4,350 (86.19) 21,750 (86.19)
Rural, no. (%) 772 (15.30) 3,384 (13.41)
Neighborhood income 

quintile, no. (%)
1 (lowest) 1,027 (20.35) 4,645 (18.41)
2 1,043 (20.67) 4,831 (19.14)
3 985 (19.52) 4,740 (18.78)
4 953 (18.88) 4,912 (19.47)
5 (highest) 856 (16.96) 4,866 (19.28)
Unknown 183 (3.63) 1,241 (4.92)

Health resource utilization
No. of outpatient visits 17.94 ± 17.20 10.97 ± 12.44
No. of hospitalizations 0.2600 ± 0.7745 0.1570 ± 0.5138
No. of rheumatologist  

visits
0.0816 ± 0.5896 0.0062 ± 0.4193

Comorbidities, no. (%)
Alcoholism 26 (0.52) 121 (0.48)
Hypertension 392 (7.77) 1,734 (6.87)
Cerebrovascular  

accidents
16 (0.32) 41 (0.16)

Ischemic heart disease 188 (3.72) 459 (1.82)
Myocardial infarction 11 (0.22) 19 (0.08)
Congestive heart failure 23 (0.46) 63 (0.25)
COPD-related diseases 438 (8.68) 1,624 (6.44)
Depression 539 (10.68) 1,866 (7.39)
Malignancy 54 (1.07) 349 (1.38)

Charlson comorbidity 
index score

0.3037 ± 0.6469 0.1348 ± 0.4367

Medications, no. (%)
NSAIDs and COX-2 

inhibitors
1,372 (27.18) 3,757 (14.89)

Hormone replacement 
therapy

501 (9.93) 1,488 (6.24)

Glucocorticoids 599 (11.87) 678 (2.69)
Anticoagulant therapy 44 (0.87) 94 (0.37)
CVD drugs excluding 

anticoagulant therapy
550 (10.90) 1,896 (7.51)

Fibrates/statins 86 (1.70) 493 (1.95)
Antidiabetes medications 76 (1.51) 389 (1.54)

* Values are the mean ± SD unless indicated otherwise. All baseline
characteristics were measured over 12 months prior to the study 
entry date (start of follow-up). COPD = chronic obstructive pulmonary 
disease; COX-2 = cyclooxygenase-2; CVD = cardiovascular disease; 
NSAIDs = nonsteroidal antiinflammatory drugs; SLE = systemic lupus 
erythematosus. 
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glucocorticoid use and health resource utilization. As proposed by 
previous studies, the etiology of bone loss and the occurrence of 
clinical fractures in SLE are likely to be multifactorial, involving both 
nondisease- and disease-related factors (3). Disease activity and 
potential therapeutic strategies, especially glucocorticoid use, may 
play a role in bone degradation. High systemic inflammation in 
severe SLE may contribute to bone loss by increasing osteoclastic 
bone resorption and by reducing osteoblastic bone formation (31). 
In patients with active disease, elevated serum levels of tumor 
necrosis factor (TNF) (32) and oxidized low-density lipoprotein 
(LDL) (33) are demonstrated. Oxidized lipids can activate T-cells, 
which increase production of RANKL and TNF. Both RANKL 
and TNF increase the maturation and activity of osteoclasts (32). 
Moreover, oxidized LDL also negatively influences bone  formation 
by reducing osteoblast maturation (34). Decreased serum levels of 
osteocalcin, a marker of bone formation, and increased crosslinks 
excretion in the urine, which is considered a marker for bone 
resorption, were demonstrated in premenopausal women with 
recently diagnosed, untreated SLE (35).

Glucocorticoids are used extensively for the treatment 
of inflammation associated with SLE flares, and 1 in 5 patients 
treated with glucocorticoids may have an osteoporotic fracture 
within the first year of treatment (36). Glucocorticoids are asso-
ciated with negative consequences on bone health, including 
a decrease in vitamin D levels, by suppressing intestinal cal-
cium absorption (37). Toloza et al found an association between 
cumulative glucocorticoid exposure and low serum levels of both 
25(OH)D and 1,25(OH)2D (37). Moreover, high-dose glucocorti-
coid use may have a negative effect on bone density by stimulat-
ing bone resorption and reducing bone formation via increasing 
osteoblast and osteocyte apoptosis (36). Therefore, adjusting for 
glucocorticoids using a method that can properly handle both the 

baseline use and the use during follow-up (intermediary variable) is 
crucial when assessing the independent risk of osteoporotic frac-
tures associated with SLE.

The current study’s findings of an increased risk of hip frac-
tures after SLE diagnosis are consistent with previous studies 
(4,7,9,11,12). However, only 1 study from the UK has attempted to 
adjust for the effects of time-varying covariates using the standard 
time-dependent Cox proportional hazards model, and their find-
ings were not statistically significant (HR 1.09 [95% CI 0.65–1.82]) 
(8). As discussed above, unlike the current study, the standard 
time-dependent Cox model used in the UK study cannot properly 
adjust for time-dependent confounders that are also mediators 
(i.e., glucocorticoids). Moreover, that study did not account for the 
effect of dependent censoring due to competing events, such as 
death (29). These limitations may explain the substantially smaller 
effect size and statistically nonsignificant association.

Some limitations of this study must be acknowledged. The 
uncertainty of the accuracy of the SLE case definition cannot be 
completely ruled out, even though a stringent algorithm requiring 
at least 2 principal codes for SLE at least 2 months apart within 
2 years was used. Misclassification could possibly still occur, but 
this misclassification would be a conservative bias where the 
observed effect would be led toward the null. Nevertheless, 99.4% 
of patients with SLE in this study were diagnosed by rheumatol-
ogists or from hospitalizations. As shown in previous studies, the 
validity for SLE case definitions that include specialist visits and 
hospitalizations is very high (up to 98% for sensitivity and positive 
predictive value) (26,38).

Uncertainty about the ascertainment of the hip fracture case 
definition may also exist because the range of the positive predic-
tive value in the previous validation study is very wide (63–96%) 
(27). However, a recommendation from a systematic review 

Figure 1. Cumulative incidence of hip fractures among individuals 
with systemic lupus erythematosus (SLE) and without SLE (non-
SLE). Cumulative incidence was estimated adjusting for all-cause 
death as a competing risk.

Table 2. Overall risk of hip fractures in patients with SLE relative to 
individuals without SLE during follow-up*

SLE cohort 
(n = 5,047)

Non-SLE cohort 
(n = 25,235)

No. of hip fracture events 73 272
Incidence rate per 1,000 

person-years
0.93 0.69

Incidence rate ratio (95% CI) 1.34 (1.02–1.75) 1.00
Age-, sex-, and baseline 

covariates adjusted†
1.86 (1.37–2.52) 1.00

Age-, sex-, baseline 
covariates, and weighted 
time-varying variables 
adjusted†

1.62 (1.06–2.48) 1.00

* Values are the hazard ratio (95% confidence interval [95% CI]) 
unless indicated otherwise. SLE = systemic lupus erythematosus. 
† Adjusted for rural or urban, neighborhood income quintile, health 
resource utilization, alcoholism, hypertension, ischemic heart 
disease, chronic obstructive pulmonary disease–related diseases, 
depression, malignancy, Charlson Comorbidity Index score, 
nonsteroidal antirheumatic drugs, and cyclooxygenase-2 inhibitors, 
hormone replacement therapy, glucocorticoids, anticoagulant 
therapy, other cardiovascular drugs excluding anticoagulant therapy, 
fibrates or statins, and antidiabetes medication. 
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suggests that ICD codes are valid to identify hip fractures but 
not vertebral fractures (27). All known risk factors for hip fractures 
available in our data were adjusted for; however, some risk factors, 
such as body mass index and smoking history, were not available 
in the data set. The absence of ethnicity in the databases is also 
a limitation because ethnicity may influence hip fracture risk (39).

Certainly, evaluating the effect of having SLE on the risk 
of complications, such as hip fracture, can be challenging. It is  
unethical or impossible to manipulate or assign disease conditions 
to patients to study the SLE effect on hip fractures via randomized 
clinical trials. Therefore, applying the marginal structural model in 
this setting may not truly estimate the causal effect of SLE on hip 
fractures since SLE status is not assigned. However, a compara-
ble example is found in a study that evaluated the effect of systolic 
blood pressure level on the time to renal event (14), in which one 
cannot assign systolic blood pressure level to patients. In these 
situations, one must rely on observational data. In our study, 
state-of-the-art marginal structural model methods were applied 
to study the effect of having SLE on the risk of hip fractures. The 
validity of the effect estimate requires the assumption that there 
are no unobserved confounders, and given the set of baseline and 
time-varying confounders included in this analysis, the marginal 
structural model would be satisfied.

Despite these limitations, there are several strengths. A large 
Canadian administrative data set based on the entire BC popula-
tion was used, which makes the findings generalizable. Addition-
ally, this is also the first study assessing the risk of hip fractures 
in SLE after accounting for the impact of time-varying covariates 
by using a marginal structural Cox model (13). This model can 
properly adjust for both time-dependent confounders that may 
also be mediators and dependent censoring. Furthermore, we 
required at least 7 years of run-in time before the first ICD code for 
SLE to only include true incident patients and exposures, which 
avoids the survival bias of using a prevalent cohort.

In summary, this population-based study demonstrates that 
patients with SLE have an approximately 60% increased risk of 
sustaining a hip fracture compared to the general population. This 
result expands on the findings of previous studies and has impor-
tant implications for the prevention, screening, and treatment of 
osteoporosis that may lead to hip fractures. Further studies should 
clarify the impact of inflammation, glucocorticoid dosage, and 
duration of use on the risk of hip fractures among patients with 
SLE.
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Model to Determine the Cost-Effectiveness of Screening 
Psoriasis Patients for Psoriatic Arthritis
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Early Detection to Improve Outcome in People With Undiagnosed Psoriatic Arthritis Study Group

Objective. Screening psoriasis patients for psoriatic arthritis (PsA) is intended to identify patients at earlier stages 
of the disease. Early treatment is expected to slow disease progression and delay the need for biologic therapy. Our 
objective was to determine the cost-effectiveness of screening for PsA in patients with psoriasis in Canada.

Methods. A Markov model was built to estimate the costs and quality-adjusted life years (QALYs) of screening 
tools for PsA in psoriasis patients. The screening tools included the Toronto Psoriatic Arthritis Screen, Psoriasis 
Epidemiology Screening Tool, Psoriatic Arthritis Screening and Evaluation, and Early Psoriatic Arthritis Screening 
Questionnaire (EARP) questionnaires. States of health were defined by disability levels as measured by the Health 
Assessment Questionnaire. State transitions were modeled based on annual disease progression. Incremental cost-
effectiveness ratios and incremental net monetary benefits were estimated. Sensitivity analyses were undertaken to 
account for parameter uncertainty and to test model assumptions.

Results. Screening was cost-effective compared to no screening. The EARP tool had the lowest total cost ($2,000 
per patient per year saved compared to no screening) and the highest total QALYs (additional 0.18 per patient 
compared to no screening). The results were most sensitive to test accuracy and the efficacy of disease-modifying 
antirheumatic drugs (DMARDs). No screening was cost-effective (at $50,000 per QALY) relative to screening when 
DMARDs failed to slow disease progression.

Conclusion. If early therapy with DMARDs delays biologic treatment, implementing screening in patients with 
psoriasis in Canada is expected to represent a cost savings of $220 million per year and improve the quality of life.

INTRODUCTION

Psoriatic arthritis (PsA) is a chronic inflammatory arthritis 
that affects the skin and the musculoskeletal system (1). PsA is 
associated with psoriasis, a chronic skin disease characterized 
by red plaques that often appear on the elbows, knees, and scalp 
(2). Manifestations affect the skin, nails, joints, and entheses, or 
the axial skeleton (3,4). The prevalence of PsA is estimated to 
be approximately 0.3% in the general population (1) and 30% 
for patients with psoriasis (5). Close to 20% of cases experience 
severe pain and deformation of the joints, resulting in impairment 
and deteriorating quality of life (1).

The cost and health burden of PsA is considerable. The 
 average annual total cost of treatment per patient was estimated at 

approximately US $15,000 in Europe (6). Furthermore, late stages 
of PsA are associated with worse health outcomes and higher 
treatment costs, mainly due to biologic therapy (7). The introduc-
tion of biologics is expected to result in a 3- to 5-fold increase 
in direct costs (6). Consequently, early treatment with afford-
able first-line disease-modifying antirheumatic drugs (DMARDs) 
is intended to slow disease progression toward late and severe 
stages of PsA, when biologics are often required (8). Therefore, 
organized screening programs are expected to increase the pro-
portion of patients identified and treated during early stages of 
disease. However, these programs are expensive to implement 
due to additional resource utilization and significant start-up costs.

Currently, Canada lacks an organized screening program 
for PsA. However, recent efforts have been directed toward 
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understanding the effect of PsA screening. A meta-analysis 
compared the accuracy of the most widely used PsA screening 
tools (9). Additionally, the National Institute for Health Research 
is  conducting a trial to evaluate the effect of screening for PsA 
on health outcomes (10). However, there is a knowledge gap 
regarding the health economic impact of implementing an orga-
nized screening program. Consequently, this study evaluated the 
cost-effectiveness of screening for PsA using different validated 
tools (11–14) among psoriasis patients in Canada.

PATIENTS AND METHODS

Target population, perspective, and time horizon. 
A hypo thetical cohort of patients age 45 years with psoriasis 
and without PsA under dermatologic surveillance was modeled. 
At model initiation, patients have mild psoriasis with a baseline 
Psoriasis Area Severity Index (PASI) of 3.5 and are receiving top-
ical treatment or DMARDs for their skin condition (15). The eval-
uation was conducted from the Canadian publicly funded health 
care payer’s perspective and followed a 40-year time horizon with 
annual cycles.

Comparators. Screening tools were compared between 
themselves and against the current standard care (no screen-
ing). “No screening” refers to the clinical pathway that the typical 
patient with PsA (with a previous psoriasis diagnosis) follows in 
Canada. Because patients are not routinely screened, they are 
diagnosed following self-referral, once their arthritis symptoms 
become evident and difficult to ignore (14). In Canada, the majority 
of patients with PsA start treatment with methotrexate (a DMARD) 
and initiate biologics if the disease progresses and DMARDs are 
no longer effective (8).

The PsA screening program is expected to identify dis-
ease earlier compared to no screening. Patients with PsA who 
are screened and diagnosed earlier follow the same treatment 
pathway as diagnosed patients under no screening, but a few 
years earlier. This head start is expected to translate to increased 
time on DMARDs and create a delay in receiving biologic ther-
apy. This study compares the following screening questionnaires 
for PsA: the Toronto Psoriatic Arthritis Screen (ToPAS), the Pso-
riasis Epidemiology Screening Tool (PEST), the Psoriatic Arthri-
tis Screening and Evaluation tool (PASE), and the Early Psoriatic 

Arthritis Screening Questionnaire (EARP), which are all validated 
for patients with psoriasis (11–14). Although the tools are  similar 
in terms of structure and content, there are a few differences 
among them: EARP identifies pain and swelling of specific joints  
(i.e., does your Achilles tendon swell?), while the remaining 3 
are more general (i.e., my joints hurt) (9). Furthermore, the ToPAS 
and PEST have additional visual resources like mannequins or 
skin and nail images to aid patients with identifying the affected 
joints. Finally, since all tools are composed of different items, 
their maximum score and cutoff values vary (9). All questionnaires 
were assumed to be delivered in dermatology clinics.

Model structure. The Markov model is summarized in 
Figure 1 and models the progression of the average patient with 
PsA through different health states. Patients start with psoriasis 
but not PsA. Each year, based on the annual incidence rate of 
PsA for psoriasis patients in Canada (16), 2.7% of patients are 
expected to develop PsA. After PsA onset (T0), the degree of 
  disability is assumed to increase at a higher rate if left untreated. A 
steady-state model was generated by filling the first health states 
(Health Assessment Questionnaire [HAQ] scores) according to 
the annual PsA incidence rate. This ensured that the screening 
interventions would identify a proportion of currently prevalent and 
undiagnosed cases. Tunnel states were used to model progres-
sion through HAQ states.

In the screening arms, psoriasis patients are screened 
 annually for PsA. It was assumed that the screening tools were not 
sufficiently sensitive to identify PsA between T0 and T1. Patients 
could only be identified after their disease had progressed to T1. 
Positive screening tests are followed by the gold standard rheu-
matic assessment, with 100% sensitivity and specificity. False 
positives are usually diagnosed with similar rheumatic conditions 
but remain PsA-free. Therefore, PsA is ruled out in false positive 
patients and they remain in the model as population at risk in T0. 
Furthermore, patients with PsA who were missed by the screen-
ing tool (false negatives) are eventually identified at T2 or the time 
to average diagnosis. Therefore, the period T2 – T1 represents 
the sojourn time, or preclinical symptom phase. The base case 
assumed that screening tools were effective 2 years prior to nor-
mal identification, i.e., the sojourn time is 2 years.

Following diagnosis, late or early PsA treatment was modeled 
based on the European League Against Rheumatism (EULAR) 
and Canadian recommendations (17,18). DMARDs are used as 
first-line treatment, with biologics initiated after ineffective use of 
DMARDs, due to loss of efficacy. Biologics were assumed to have 
a 5-year period of effectiveness. This was based on an annual 
16.5% biologic withdrawal rate (19). Patients who withdrew due to 
either loss of effect or adverse events rebound to the HAQ score 
that would have been expected had they not initiated biologic 
therapy (20). A second biologic therapy was modeled to account 
for the potential switch between anti–tumor necrosis factor thera-
pies to interleukin-17 inhibitors. Additionally, if the second biologic 

SIGNIFICANCE & INNOVATIONS
• Canada currently lacks an organized psoriatic ar-

thritis screening program.
• Screening psoriasis patients for psoriatic arthritis is 

expected to delay the initiation of biologic therapy.
• An organized screening program for psoriatic ar-

thritis is expected to improve the quality of life and 
save $2,000 per patient, annually.
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failed, patients started palliative care as modeled by Bojke et al 
(20), where the HAQ score progressed at a rate of 0.078 per year. 
Biologics and DMARDs were considered as bundles instead of 
as individual drugs, i.e., an average effect and cost was applied 
to DMARDs and biologics, instead of modeling the response to 
individual treatments.

Model inputs. Common with previous cost-effectiveness  
models for PsA (20–22), we used the HAQ score to describe 
patients’ progression through different PsA health states. Health 
states were defined by the degree of disability as measured by 
this multidimensional index that focuses on physical function, 
pain, and discomfort (23). For each functional activity, an overall 
score between 0 and 3 is calculated across the different domains, 
where 0 = no impairment and 3 = complete impairment (23). 
Thus, a higher HAQ score represents more severe disease. The 
average HAQ score at which patients with PsA were diagnosed 
after being identified by self-referral (T2) was assumed to be 0.71 
(24). Patients not identified by screening were diagnosed at this 
point. Furthermore, based on several randomized controlled trials 
for PsA, the average HAQ score at which patients initiated biologic 
therapy was estimated to be 1.05 (25).

The progression of PsA (measured as the change in HAQ 
score) was modeled according to the line of treatment. The annual 
progression of PsA was 0.07 if left untreated (25). Conversely, 
patients treated with DMARDs and biologics progressed at a 
rate of 0.026 and 0.0001 per year, respectively (25). Patients who  
progress more slowly will take longer to reach a HAQ score of 1.05 
when the average patient switches to biologic therapy. Table 1 

summarizes the model inputs such as incidence rates, disease 
progression, total costs, and utilities.

Costs. Only direct health care costs were included. Each 
health state had an associated cost relating to screening, diagnostic 
testing, and treatment. Annual drug costs were estimated from the 
Alberta Blue Cross Formulary and Ontario Drug Benefit Formulary. 
Annual dosage was estimated considering the product informa-
tion provided by individual manufacturers. Clinical, nondrug-related 
costs were included with an algorithm where a unit increase in the 
HAQ score was associated with $993 (26). Costs were converted 
and inflated from 2006 British pounds to 2017 dollars (Canadian).

Diagnosis was modeled based on clinical assessment by 
a rheumatologist, laboratory tests, and diagnostic imaging. 
Screening costs were obtained based on physician time (27–29). 
Furthermore, the cost associated with implementing a screening 
program (training, patient support, start-up, and administrative 
costs) was extrapolated from a breast cancer screening  program 
in Canada (30). Mittman et al (30) estimated that the cost per 
breast cancer screen (mammography) was close to $200 in 
Canada (2017 dollars [Canadian]). After accounting for the phy-
sician fees associated with the screening tests, we assumed 
that the administrative costs per screen were close to $120 per 
screen. This is likely a conservative estimate, considering that 
implementing a questionnaire-based screening program for PsA 
is likely to cost less than a mammography screening program. 
Supplementary Appendix A, available on the Arthritis Care & 
Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24110/ abstract, provides a summary of disaggregated costs 

Figure 1. Markov model structure. FN = false negatives; FP = false positives; HAQ = Health Assessment Questionnaire; PsA = psoriatic 
arthritis; PsO = psoriasis; TN = true negatives; TP = true positives.
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for treatments (topical therapy, DMARDs, biologics), screening, 
diagnostic testing, and consultation fees. All costs were trans-
formed to 2017 dollars (Canadian) using the Bank of Canada 
consumer price index.

Health-related quality of life. Health states have associ-
ated utilities that measure the health-related quality of life of being 
in that state. The average linear correlation between HAQ score 
and utility was estimated to be –0.248 (25). These utilities were 
derived from the EuroQol 5-domain instrument, based on a map-
ping exercise from HAQ scores (25). On the other hand, the aver-
age linear correlation between PASI (skin domain) and utility was 
estimated to be –0.003 (25). The severity of the psoriasis of the 
skin, as measured by the PASI, was assumed constant at a level 

of 3.5 (25). Based on the utility and HAQ score regression, the 
base case utility score (at T0) is 0.884 (25).

Finally, a discount rate of 1.5% was applied to both costs and 
health outcomes (quality-adjusted life years [QALYs]) (31). To 
determine the cost-effectiveness of the different strategies, the 
incremental cost-effectiveness ratio was estimated and compared 
to the commonly cited threshold of $50,000 per QALY.

Assumptions. In line with previous economic models in 
this area, a few assumptions were made: 1) this model assumes 
a linear relationship between disease duration and HAQ score 

Expected utility=

0.884−
(

0.248×HAQscore
)

−

(

0.003×PASIscore
)

Table 1. Aggregated model inputs*

Variable Source (ref.) Deterministic value SE Distribution
Annual PsA incidence among 

psoriasis patients
Eder et al (16) 0.027 0.004 Beta

Cost of topical treatment† ABCF, ODBF $226 $76.57 Gamma
Cost of diagnosis† SMB $771 $53.46 Gamma
Cost of screening† SMB $78 $29.05 Gamma
Administrative costs per screen† Mittmann et al (30) $121.45 $45.09 Gamma
DMARD cost per year† ABCF, ODBF $1,931 $103.95 Gamma
Biologic cost per year† ABCF, ODBF $20,559 $2,113.29 Gamma
Palliative care cost per year† ABCF, ODBF $3,869 $207.90 Gamma
Direct costs per HAQ score† Bansback et al (26) $993 $641.23 Normal
Annual adherence to topical 

treatment
Zaghloul and 
Goodfield (32)

0.731 0.038 Beta

HAQ progression palliative care Bojke et al (20) 0.078 0.030 Gamma
HAQ progression with no treatment Rodgers et al (25) 0.0695 0.002 Gamma
HAQ progression with DMARDs Rodgers et al (25) 0.026 0.003 Gamma
HAQ progression with biologics Rodgers et al (25) 0 0.00 Gamma
Utility and HAQ linear correlation Rodgers et al (25) –0.259 0.009 Normal
Utility and PASI linear correlation Rodgers et al (25) –0.003 0.001 Normal
Baseline utility Rodgers et al (25) 0.884 0.01 Normal
Average HAQ for biologic start Rodgers et al (25) 1.05 0.316 Normal
Baseline PASI score for mild psoriasis 

and topical treatment
Bernstein et al (15) 3.54 0.44 Gamma

Average HAQ at diagnosis Eder et al (16), Kane 
(24)

0.71 0.64 Truncated normal

Discount CADTH 0.015 NA NA
Cost-effectiveness threshold NA $50,000 NA NA
Mean time in biologics, years Corbett et al (19) 5 NA NA
Progression to natural history Assumptions 0.026 0.003 Gamma
HAQ rebound Assumptions 0.130 NA NA
Progression on 2nd biologic Assumptions 0 0.00 Gamma
ToPAS sensitivity Iragorri et al (9) 0.74 0.04 Bivariate normal
ToPAS specificity Iragorri et al (9) 0.79 0.08 Bivariate normal
EARP sensitivity Iragorri et al (9) 0.85 0.02 Bivariate normal
EARP specificity Iragorri et al (9) 0.85 0.08 Bivariate normal
PEST sensitivity Iragorri et al (9) 0.68 0.05 Bivariate normal
PEST specificity Iragorri et al (9) 0.8 0.07 Bivariate normal
PASE sensitivity Iragorri et al (9) 0.71 0.04 Bivariate normal
PASE specificity Iragorri et al (9) 0.67 0.08 Bivariate normal

* ABCF = Alberta Blue Cross Formulary; CADTH = Canadian Agency for Drugs and Technologies in Health; DMARD = disease-
modifying antirheumatic drug; EARP = Early Psoriatic Arthritis Screening Questionnaire; HAQ = Health Assessment Questionnaire; 
NA = not applicable; ODBF = Ontario Drug Benefit Formulary; PASE = Psoriatic Arthritis Screening and Evaluation; PASI = Psoriasis 
Area Severity Index; PEST = Psoriasis Epidemiology Screening Tool; PsA = psoriatic arthritis; ref. = reference; SMB = Schedule of 
Medical Benefits (Alberta Health); ToPAS = Toronto Psoriatic Arthritis Screen. 
† See Supplementary Appendix A, available on the Arthritis Care & Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24110/ abstract. 
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progression for symptomatic and asymptomatic disease (25); 
2) following previous models, all-cause and PsA-related mortal-
ity rates were assumed to be constant, regardless of the line of 
therapy (biologics, DMARDs, and no treatment) (20) and were 
not modeled.

The following are the assumptions relevant to the screening 
and diagnostic components of the study: 1) 3.2% of psoriasis 
patients progressed to DMARD therapy annually for treatment 
of their skin due to loss of efficacy of topical treatment (32); 2) 
screening questionnaires were assumed to be effective at iden-
tifying patients with PsA in dermatology clinics during a 2-year 
sojourn time; 3) all patients who test positive undergo diagnos-
tic testing to confirm the disease, and false positives are ruled 
out upon further diagnosis using EULAR and clinical guidelines 
and remain in the model as population at risk; 4) for the base 
case probabilistic analysis, patients must spend at least 2 years 
in DMARD therapy before starting treatment with biologics, which 
was assumed to ensure that biologics were not initiated before 
DMARDs in the base case; and 5) this study assumed 100% sen-
sitivity and specificity for diagnosis (rheumatic assessment).

Sensitivity analyses. Sensitivity analyses were conducted 
on the base case analysis to account for parameter uncertainty. A 
threshold analysis was also conducted to determine the values at 
which specific model inputs rendered screening more expensive 
compared to no screening. A univariate sensitivity analysis was 
carried out to determine the threshold at which specific model 
inputs modified conclusions as measured by the incremental 
net monetary benefit (INMB). A 2-way sensitivity analysis was car-
ried out to determine the effect of sensitivity and specificity over 
the cost-effectiveness estimates. Probabilistic sensitivity analy-
ses were conducted, in which all parameters were varied simul-
taneously (through 5,000 Monte Carlo simulations) according to 
assigned probabilistic distributions for each model input (Table 1). 
Probabilities were assigned beta distributions due to their 0–1 
range (33). Normal distributions were assigned to parameters 
obtained through linear regression. Gamma distributions were 
assigned to costs and HAQ score progression rates (33). A trun-
cated bivariate normal distribution was used to simulate 5,000 
pairs of sensitivity and specificity estimates to account for their 
correlation (33). Cost-effectiveness acceptability curves were 

used to assess conclusions at given different cost-effectiveness 
thresholds.

Scenario analyses. Scenario analyses were conducted 
to account for the uncertainty around specific model parameters 
and assumptions such as the sojourn time, DMARD efficacy, and 
first-line treatment. We built a scenario in which patients started 
biologic therapy as first-line therapy, which has recently been pro-
posed in the American College of Rheumatology/National Psori-
asis Foundation guidelines (34). It was expected that screening 
would increase early therapy with biologics, thus increasing total 
costs relative to no screening.

A scenario in which DMARDs failed to slow disease progres-
sion was built. Screening would no longer delay the initiation of 
biologic therapy. Reduced sojourn time (1 year) was expected to 
reduce the cost-effectiveness of screening relative to no screen-
ing. A smaller proportion of patients with PsA would be identified 
early, thus minimizing the benefits of a screening program.

Validation. The model was validated iteratively through-
out its development according to the Canadian Agency for 
Drugs and Technologies in Health Guidelines for Economic 
Evaluations (31). The face validation was ensured by the active 
participation and judgment of content experts throughout the 
entire process. Duplicate review was undertaken with experts 
in modeling psoriatic and rheumatoid arthritis. The mathemat-
ical and statistical assumptions were evaluated and validated. 
A member of the development team of the National Institute 
for Health and Clinical Excellence Health Technology Assess-
ment report for biologic therapy for PsA (20,25) evaluated the 
HAQ, utility, and costs algorithms that were adapted from 
these previously validated models. Furthermore, the coding 
accuracy was validated by testing extreme and zero values, as 
well as with univariate sensitivity analyses.

RESULTS

Base case scenario. Results for the base case are summa-
rized in Table 2. Screening for PsA among psoriasis patients with 
EARP, ToPAS, and PEST instruments was cost saving compared 
to no screening. All screening tools were cost-effective relative 

Table 2. Deterministic results of the base case per patient: full incremental analysis*

Strategy Cost, $ QALY
Incremental 

cost, $
Incremental 

QALYs ICER
EARP 104,889 24.242 – – –
ToPAS 105,904 24.226 1,015 –0.015 Dominated
PEST 105,943 24.217 1,054 –0.024 Dominated
No Screen 106,878 24.066 1,989 –0.176 Dominated
PASE 107,445 24.222 2,556 –0.020 Dominated

* EARP = Early Psoriatic Arthritis Screening Questionnaire;  ICER = incremental cost-effectiveness ratio; 
PASE = Psoriatic Arthritis Screening and Evaluation; PEST = Psoriasis Epidemiology Screening Tool; QALY 
= quality-adjusted life year; ToPAS = Toronto Psoriatic Arthritis Screen. 
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to no screening at a threshold of $50,000 per QALY. Although 
screening tools had similar costs and QALYs, EARP yielded the 
lowest total cost per patient ($104,889) and the highest QALYs 
(24.242). All results are presented per patient over a 40-year 
time horizon. The no-screening arm was both more expensive 
in terms of costs ($1,989 incremental costs) and forgone health 
(–0.176 incremental QALYS), relative to EARP. All screening tools 
were more effective compared to no screening. EARP dominated 
every other alternative by having the most QALYs for the lowest 
cost.

The probabilistic analysis is summarized in Table 3. Screening 
for PsA (with any screening tool) had a probability of 0.94 of being 
cost-effective at a $50,000 per QALY threshold. Additionally, 
EARP had the highest probability of being cost-effective at any 
threshold (from $0 to $100,000 per QALY). The cost-effectiveness 
acceptability curves summarize the probability of each alternative 
of being cost-effective at different willingness-to-pay thresholds 
(see Supplementary Figure 1, available on the Arthritis Care & 
Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24110/ abstract). The conclusions were maintained compared 
to the deterministic base case: EARP had the lowest total cost 
($99,264) and the highest QALYs (24.362).

Univariate sensitivity analyses for the base case. A 
threshold analysis determined the value of each parameter for 
which no screening became less expensive compared to EARP. 
The monetary advantage of EARP relative to no screening due 
to reduced biologic therapy was offset whenever the screening-, 
diagnostic-, and DMARD-related costs were increased by $87, 
$1,628, and $5,275, respectively. No screening was less costly 
than EARP when the annual cost of biologics per patient was 
below $10,000.

The univariate sensitivity analysis was conducted for the 
deterministic base case between EARP and the no-screening arm 
only. Screening was no longer cost-effective relative to no screen-
ing given the following: biologics were initiated before DMARDs, 
the HAQ score progression under DMARDs increased to 0.059 
per year (compared with the 0.03 base case), and conclusions 
were robust to the variation of several inputs, such as the PsA inci-
dence among psoriasis patients, the cost of screening, diagnosis 
and biologic therapy, and the cost-effectiveness threshold.

Bivariate sensitivity analysis for test accuracy. Table 4  
summarizes the different combinations of sensitivity and specificity 
for 0.1 increments, and their respective INMBs. For the  screening 
tool to be cost-effective relative to no screening, it had to have at 
least a 0.7 specificity (for any sensitivity level), or a 0.6 sensitivity 
(for any specificity level).

Scenario analyses results. The cost-effectiveness results 
for the scenario analyses are shown in Table 5. The first scenario 
assumed that patients initiated biologic therapy as first-line treat-
ment. The total costs for screening (with EARP) were increased 
compared to the base case. The no-screening strategy had the 
lowest total cost (–$2,000 compared to EARP), and although it 
yielded the lowest QALYS, the incremental costs per additional 
QALY were too high to be deemed cost-effective, considering a 
$50,000 threshold. Screening (with EARP) had a probability of 
0.05 of being cost-effective.

The second scenario assumed that DMARDs failed to mod-
ify disease progression. The no-screening alternative was cost- 
effective relative to screening, with the lowest total cost (–$5,300) 
and QALYs (–0.01) compared to screening. There was a 0.03 
probability of screening (EARP) being cost-effective at a $50,000 
threshold.

Finally, a scenario with a modified sojourn time of 1 year 
was assumed. Overall, the total costs of screening (EARP) were 
increased and the QALYs reduced compared to the base case. 
No screening remained unaltered. However, screening (EARP) 
remained cost-effective, with the highest total QALYs (additional 
0.078) and lowest total cost (additional $80) compared with no 
screening. Screening (EARP) had a probability of 0.66 of being 
cost-effective at a $50,000 per QALY threshold.

DISCUSSION

Several studies have suggested that early PsA diagnosis and 
treatment can potentially improve health outcomes (8,35–37). For 
example, Haroon et al concluded that delaying treatment is asso-
ciated with the development of peripheral joint erosions and worse 
long-term physical function (38). As a consequence, EULAR sug-
gested that this window of opportunity constitutes an important 
aspect of the PsA research agenda (17). Even though there is 

Table 3. Probabilistic results of the base case*

Strategy Cost, $ QALY
Incremental 

cost, $
Incremental 

QALYs ICER

Probability of 
being CE at 

$50,000
EARP 99,264 24.362 – – – 0.57
No Screen 99,573 24.180 308 –0.182 Dominated 0.06
ToPAS 100,759 24.322 1,494 –0.041 Dominated 0.13
PEST 100,834 24.333 1,569 –0.029 Dominated 0.11
PASE 101,001 24.336 1,737 –0.027 Dominated 0.13

* CE = cost-effective; EARP = Early Psoriatic Arthritis Screening Questionnaire; ICER = incremental cost-effectiveness 
ratio; PASE = Psoriatic Arthritis Screening and Evaluation; PEST = Psoriasis Epidemiology Screening Tool; QALY = 
quality-adjusted life year; ToPAS = Toronto Psoriatic Arthritis Screen. 
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evidence suggesting that early therapy is clinically efficacious, to 
this date, there is no evidence regarding the cost- effectiveness 
of implementing screening strategies to enable early therapy. 
Previous economic evaluations have mainly focused on the cost- 
effectiveness of biologic therapy relative to DMARDs (20,26,39), 
but have not evaluated where in their disease course patients 
were diagnosed.

This analysis shows that screening for PsA in psoriasis 
patients with self-administered questionnaires was cost-effective 
compared to no screening. Although the screening questionnaires 
were similar in terms of accuracy and cost, EARP represented 
the best strategy due to slightly better accuracy. Implementing a 
PsA screening program in Canada would be cost-saving over a 
40-year time horizon relative to no screening. Since the average 
time in biologic therapy per patient is expected to be reduced, the 
Canadian Health Care System would save around $220 million 
per year ($2,000 per patient) while improving the quality of life.

This evaluation explored the sensitivity of the model results 
to key parameters and model assumptions through scenario 
and sensitivity analyses. The total QALYs varied exclusively due 
to test accuracy, which translated to a slight variation in HAQ 
scores due to early therapy. Therefore, EARP always dominated 
the other screening tools due to its higher accuracy (9). Thus, the 
sensitivity and scenario analyses only compared EARP versus no 

screening. These results could be conservative if early therapy 
was proven to increase remission rates, which were not included 
in this model (20). Furthermore, the results suggest that a test 
with high sensitivity was preferred to one with a high specificity. A 
high true positive rate increased the proportion of patients starting 
early therapy, thus improving the cost-effectiveness of the screen-
ing tools compared to no screening. A high true negative rate 
reduced the proportion of unnecessary testing for false positives, 
which affected the total costs but had no effect over the health 
outcomes (QALYs).

Regarding costs, the sensitivity analysis showed that no 
screening was expected to be less expensive than EARP when 
the cost of biologic therapy was below $10,000 per patient 
annually. However, screening with EARP remained cost-effective 
relative to no screening for any value between $0 and $10,000. 
Therefore, measures that aim to reduce the cost of biologics (i.e., 
the introduction of biosimilars) would not be expected to mod-
ify conclusions. Finally, it could be argued that patients who are 
screened and identified early could have a higher probability of 
starting biologics earlier. This hypothesis was evaluated with 
a scenario analysis where biologics were included as first-line 
therapy. Consequently, screening increased the proportion of 
patients starting early biologic therapy, thus increasing costs 
considerably.

Table 4. Bivariate analysis of sensitivity and specificity versus the INMB of screening relative to no screening*

Sensitivity

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Specificity

0.1 (7,978) (6,358) (4,843) (3,430) (2,122) (917) 184 1,181 2,075 2,865
0.2 (6,759) (5,140) (3,624) (2,212) (904) 301 1,402 2,399 3,293 4,083
0.3 (5,541) (3,922) (2,406) (994) 314 1,519 2,620 3,617 4,511 5,301
0.4 (4,323) (2,704) (1,188) 224 1,532 2,737 3,838 4,835 5,729 6,520
0.5 (3,105) (1,486) 30 1,442 2,750 3,955 5,056 6,053 6,947 7,738
0.6 (1,887) (268) 1,248 2,660 3,968 5,173 6,274 7,272 8,165 8,956
0.7 (669) 950 2,466 3,878 5,186 6,391 7,492 8,490 9,383 10,174
0.8 549 2,168 3,684 5,096 6,404 7,609 8,710 9,708 10,601 11,392
0.9 1,767 3,386 4,902 6,314 7,622 8,827 9,928 10,926 11,819 12,610
1 2,985 4,604 6,120 7,532 8,840 10,045 11,146 12,144 13,038 13,828

* All values are dollars. Numbers in parentheses are negative numbers. Screening is cost-effective (at $50,000 per quality-adjusted life year) when 
the combinations of sensitivity and specificity result in positive incremental net monetary benefit (INMB). 

Table 5. Cost-effectiveness results of scenario analyses*

Strategy Cost, $ QALY
Incremental 

cost, $
Incremental 

QALYs ICER, $
Probability of 

being CE
Biologics as first-line therapy

No screen 127,449 23.975 – – – 0.95
Screening (EARP) 135,434 24.057 7,984 0.082 97,743 0.05

Ineffective DMARDs
No screen 136,849 22.769 – – – 0.97
Screening (EARP) 142,228 22.779 5,379 0.01 516,171 0.03

Sojourn time of 1 year
No screen 106,878 24.066 – – – 0.34
Screening (EARP) 106,958 24.144 80 0.078 1,017 0.66

* CE = cost-effective; DMARD = disease-modifying antirheumatic drug; EARP = Early Psoriatic Arthritis Screening 
Questionnaire; ICER = incremental cost-effectiveness ratio; QALY = quality-adjusted life year. 
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A number of assumptions were made to allow the cost- 
effectiveness of screening for PsA to be evaluated. For exam-
ple, a previously validated algorithm was used to model clinical 
costs (nondrug) based on the HAQ score (26). This algorithm 
was developed by Bansback et al based on a linear regres-
sion of data collected in 2002. This methodology was used 
by Rodgers et al (25) after conducting a thorough compari-
son of similar costing algorithms. The use of this algorithm in 
our model assumes similar practice patterns of patients with 
PsA in the UK and Canada, which is supported by interna-
tional clinical guidelines (17,34). Additionally, parameters like 
psoriasis progression were not modeled. Even though the skin 
dimension has been previously included in economic evalua-
tions, the utility–HAQ score relationship estimated a relatively 
small utility effect of the PASI (25). Finally, modeling treatment 
bundles instead of individual treatment responses poses a lim-
itation, because specific DMARD and biologic therapies can-
not be compared. However, since this model focuses on PsA 
screening instead of treatment, all comparators in this model 
are affected in the same way.

The results of this cost-utility analysis provide a pathway for 
next steps and further research on PsA screening. This model 
identified time to biologic start as a key parameter. Therefore, 
the uncertainty around DMARD-related HAQ score progression 
needs to be further addressed, specifically since there has been 
controversy around the efficacy of some DMARDs (40–43). This is 
important because the cost-effectiveness of screening depends 
on the ability of DMARDs to slow disease progression and delay 
the time of biologic start. Consequently, an ongoing trial will pro-
vide an estimate of the delay to biologics and the effect of early 
DMARD treatment (10). A more precise estimate of early DMARD 
efficacy translates to a more precise cost-effectiveness estimate 
for the Canadian health care system. Additionally, the long-term 
effects of biologic therapy remain an uncertainty that needs 
resolving. Finally, future research should develop new algorithms 
to understand the relationship between HAQ score and PASI 
health states and current costs.

In summary, this is the first cost-utility model on screening for 
PsA among psoriasis patients. Screening for PsA among psoriasis 
patients with the EARP tool appears to be cost saving compared 
to the status quo. The ongoing PsA screening trial will provide 
additional information to account for the parameter uncertainty of 
the evaluation (10).

ACKNOWLEDGMENTS

The authors thank members of the Early Detection to Improve 
Outcome in People With Undiagnosed Psoriatic Arthritis study group who 
have been responsible for the acquisition of funding and general supervi-
sion of the research group: Anne Barton, Melanie Brooke, Sarah Brown, 
Laura Coates, Claire Davies, Emma Dures, Catherine Fernandez, Oliver 
Fitzgerald, Helen Harris, Philip Helliwell, Sarah Hewlett, Jana James, Anya 
Lissina, Vishnu Madhok, Neil McHugh, Alison Nightingale, Jonathan Pack-
ham, Andrew Parkinson, Gavin Shaddick, and William Tillett.

AUTHOR CONTRIBUTIONS

All authors were involved in drafting the article or revising it critically 
for important intellectual content, and all authors approved the final version 
to be submitted for publication. Mr. Iragorri 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. Iragorri, Hazlewood, Manns, Bojke, 
Spackman.
Acquisition of data. Iragorri, Hazlewood, Manns, Bojke, Spackman.
Analysis and interpretation of data. Iragorri, Hazlewood, Manns, Bojke, 
Spackman.

REFERENCES
 1. Gladman DD. Psoriatic arthritis: epidemiology, clinical features, 

course, and outcome. Ann Rheum Dis 2005;64 Suppl S:14S–7S.

 2. Harty L, Veale DJ. How early should psoriatic arthritis be treated with 
a TNF-blocker? Curr Opin Rheumatol 2010;22:393–6.

 3. Taylor W, Gladman D, Helliwell P, Marchesoni A, Mease P, Mielants 
H, et al. Classification criteria for psoriatic arthritis: development 
of new criteria from a large international study. Arthritis Rheum 
2006;54:2665–73.

 4. Taylor WJ, Zmierczak HG, Helliwell PS. Problems with the  definition of 
axial and peripheral disease patterns in psoriatic arthritis. J Rheumatol  
2005;32:974–7.

 5. Zachariae H. Prevalence of joint disease in patients with psoriasis: 
implications for therapy. Am J Clin Dermatol 2003;4:441–7.

 6. Burgos-Pol R, Martínez-Sesmero JM, Ventura-Cerdá JM, Elías I, 
Caloto MT, Casado Má. The cost of psoriasis and psoriatic arthritis 
in 5 European countries: a systematic review. Actas Dermosifiliogr 
2016;107:577–90.

 7. Poole CD, Lebmeier M, Ara R, Rafia R, Currie CJ. Estimation 
of health care costs as a function of disease severity in peo-
ple with psoriatic arthritis in the UK. Rheumatology (Oxford) 
2010;49:1949–56.

 8. Gladman DD, Thavaneswaran A, Chandran V, Cook RJ. Do patients 
with psoriatic arthritis who present early fare better than those pre-
senting later in the disease? Ann Rheum Dis 2011;70:2152–4.

 9. Iragorri N, Hazlewood G, Manns B, Danthurebandara V, Spackman 
E. Psoriatic arthritis screening: a systematic review and meta- 
analysis. Rheumatology (Oxford) 2018;58:692–707.

 10. ISRCTN registry. Total burden of psoriasis. URL: http://isrctn.com/
ISRCT N3887 7516.

 11. Husni ME, Meyer KH, Cohen DS, Mody E, Qureshi AA. The PASE 
questionnaire: pilot-testing a psoriatic arthritis screening and evalua-
tion tool. J Am Acad Dermatol 2007;57:581–7.

 12. Tinazzi I, Adami S, Zanolin EM, Caimmi C, Confente S, Girolomoni 
G, et al. The early psoriatic arthritis screening questionnaire: a simple 
and fast method for the identification of arthritis in patients with pso-
riasis. Rheumatology (Oxford) 2012;51:2058–63.

 13. Ibrahim GH, Buch MH, Lawson C, Waxman R, Helliwell PS. 
Evaluation of an existing screening tool for psoriatic arthritis in peo-
ple with psoriasis and the development of a new instrument: the 
Psoriasis Epidemiology Screening Tool (PEST) questionnaire. Clin 
Exp Rheumatol 2009;27:469–74.

 14. Gladman DD, Schentag CT, Tom BD, Chandran V, Brockbank J, 
Rosen C, et al. Development and initial validation of a screening 
questionnaire for psoriatic arthritis: the Toronto Psoriatic Arthritis 
Screen (ToPAS). Ann Rheum Dis 2009;68:497–501.

 15. Bernstein S, Donsky H, Gulliver W, Hamilton D, Nobel S, Norman 
R. Treatment of mild to moderate psoriasis with Reliéva, a Mahonia 
aquifolium extract: a double-blind, placebo-controlled study. Am J 
Ther 2006;13:121–6.

http://isrctn.com/ISRCTN38877516
http://isrctn.com/ISRCTN38877516


IRAGORRI ET AL 274       |

 16. Eder L, Haddad A, Rosen CF, Lee KA, Chandran V, Cook R, et al. The
incidence and risk factors for psoriatic arthritis in patients with psoria-
sis: a prospective cohort study. Arthritis Rheumatol 2016;68:915–23.

 17. Gossec L, Smolen JS, Ramiro S, de Wit M, Cutolo M, Dougados M,
et al. European League Against Rheumatism (EULAR) recommenda-
tions for the management of psoriatic arthritis with pharmacological
therapies: 2015 update. Ann Rheum Dis 2016;75:499–510.

 18. Rohekar S, Chan J, Tse SML, Haroon N, Chandran V, Bessette
L, et al. 2014 update of the Canadian Rheumatology Association/
Spondyloarthritis Research Consortium of Canada treatment recom-
mendations for the management of spondyloarthritis. Part II: specific 
management recommendations. J Rheumatol 2015;42:665–81.

 19. Corbett M, Chehadah F, Biswas M, Moe-Byrne T, Palmer S,
Soares M, et al. Certolizumab pegol and secukinumab for treating
active psoriatic arthritis following inadequate response to disease- 
modifying antirheumatic drugs: a systematic review and economic
evaluation. Health Technol Assess 2017;21:1–326.

 20. Bojke L, Epstein D, Craig D, Rodgers M, Woolacott N, Yang H, et al.
Modelling the cost-effectiveness of biologic treatments for psoriatic
arthritis. Rheumatology (Oxford) 2011;50 Suppl S:39S–47S.

 21. Goeree R, Chiva-Razavi S, Gunda P, Graham CN, Miles L, Nikoglou
E, et al. Cost-effectiveness analysis of secukinumab for the treat-
ment of active psoriatic arthritis: a Canadian perspective. J Med
Econ 2018;21:163–73.

 22. D’Angiolella LS, Cortesi PA, Lafranconi A, Micale M, Mangano S,
Cesana G, et al. Cost and cost effectiveness of treatments for pso-
riatic arthritis: a systematic literature review. Pharmacoeconomics
2018;36:567–89.

 23. Bruce B, Fries JF. The Health Assessment Questionnaire (HAQ). Clin
Exp Rheumatol 2005;23 Suppl S:14S–18S.

 24. Kane D. A prospective, clinical and radiological study of early pso-
riatic arthritis: an early synovitis clinic experience. Rheumatology
(Oxford) 2003;42:1460–8.

 25. Rodgers M, Epstein D, Bojke L, Yang H, Craig D, Fonseca T, et al.
Etanercept, infliximab and adalimumab for the treatment of psori-
atic arthritis: a systematic review and economic evaluation. Health
Technol Assess 2011;15:1–395.

 26. Bansback NJ. Estimating the cost and health status consequences
of treatment with TNF antagonists in patients with psoriatic arthritis.
Rheumatology (Oxford) 2006;45:1029–38.

 27. Jiao B, Rosen Z, Bellanger M, Belkin G, Muennig P. The cost- 
effectiveness of PHQ screening and collaborative care for depression 
in New York City. Kearns BC, editor. PLOS One 2017;12:e0184210.

 28. Paulden M, Palmer S, Hewitt C, Gilbody S. Screening for postna-
tal depression in primary care: cost effectiveness analysis. BMJ
2009;339:b5203.

 29. Maranetra N, Chuaychoo B, Lertakyamanee J, Naruman C,
Chierakul N, Dejsomritrutai W, et al. The cost-effectiveness of

a questionnaire as a screening test for chronic obstructive pul-
monary disease among the Bangkok elderly. J Med Assoc Thai 
2003;86:1033–41.

 30. Mittmann N, Stout NK, Lee P, Tosteson AN, Trentham-Dietz A,
Alagoz O, et al. Total cost-effectiveness of mammography screening
strategies. Health Rep 2015;26:16–25.

 31. Canadian Agency for Drugs and Technologies in Health. Guidelines
for the economic evaluation of health technologies. 2017. URL:
https://www.cadth.ca/guide lines -econo mic-evalu ation -healt h-techn 
ologi es-canad a-4th-edition.

 32. Zaghloul SS, Goodfield MJ. Objective assessment of compliance
with psoriasis treatment. Arch Dermatol 2004;140:408–14.

 33. Briggs AH, Claxton K, Sculpher MJ. Decision modelling for health
economic evaluation. Oxford: Oxford University Press; 2006.

 34. Singh JA, Guyatt G, Ogdie A, Gladman DD, Deal C, Deodhar A,
et al. 2018 American College of Rheumatology/National Psoriasis
Foundation guideline for the treatment of psoriatic arthritis. J
Psoriasis Psoriatic Arthritis 2019;4:31–58.

 35. Kirkham B, de Vlam K, Li W, Boggs R, Mallbris L, Nab HW, et al.
Early treatment of psoriatic arthritis is associated with improved
patient-reported outcomes: findings from the etanercept PRESTA
trial. Clin Exp Rheumatol 2015;33:11–19.

 36. Theander E, Husmark T, Alenius GM, Larsson PT, Teleman A,
Geijer M, et al. Early psoriatic arthritis: short symptom duration,
male gender and preserved physical functioning at presentation
predict favourable outcome at 5-year follow-up. Results from the
Swedish Early Psoriatic Arthritis Register (SwePsA). Ann Rheum Dis
2014;73:407–13.

 37. Tillett W, Shaddick G, Askari A, Cooper A, Creamer P, Clunie G,
et al. Factors influencing work disability in psoriatic arthritis: first
results from a large UK multicentre study. Rheumatology (Oxford)
2015;54:157–62.

 38. Haroon M, Gallagher P, FitzGerald O. Diagnostic delay of more than
6 months contributes to poor radiographic and functional outcome
in psoriatic arthritis. Ann Rheum Dis 2015;74:1045–50.

 39. Bravo Vergel Y, Hawkins NS, Claxton K, Asseburg C, Palmer
S, Woolacott N, et al. The cost-effectiveness of etanercept and
infliximab for the treatment of patients with psoriatic arthritis.
Rheumatology (Oxford) 2007;46:1729–35.

 40. Kang EJ, Kavanaugh A. Psoriatic arthritis: latest treatments and their 
place in therapy. Ther Adv Chronic Dis 2015;6:194–203.

 41. Anandarajah AP, Ritchlin CT. The diagnosis and treatment of early
psoriatic arthritis. Nat Rev Rheumatol 2009;5:634–41.

 42. Singh YN, Verma KK, Kumar A, Malaviya AN. Methotrexate in psori-
atic arthritis. J Assoc Physicians India 1994;42:860–2.

 43. Gupta AK, Matteson EL, Ellis CN, Ho VC, Tellner DC, Voorhees
JJ, et al. Cyclosporine in the treatment of psoriatic arthritis. Arch
Dermatol 1989;125:507–10.

https://www.cadth.ca/guidelines-economic-evaluation-health-technologies-canada-4th-edition
https://www.cadth.ca/guidelines-economic-evaluation-health-technologies-canada-4th-edition


275  

Arthritis Care & Research
Vol. 73, No. 2, February 2021, pp 275–281
DOI 10.1002/acr.24104
© 2019, American College of Rheumatology

Factors Predictive of Radiographic Progression in 
Ankylosing Spondylitis
Ismail Sari,1  Seunghun Lee,2  George Tomlinson,3  Sindhu R. Johnson,4  Robert D. Inman,4

and Nigil Haroon4

Objective. Using a longitudinal observational cohort of ankylosing spondylitis (AS) patients, we sought to identify 
progression rates and factors predictive of spinal progression. As a secondary aim, we analyzed the effect of tumor 
necrosis factor inhibitor (TNFi) treatment on radiographic progression.

Methods. AS patients who had baseline and follow-up cervical and lumbar radiographs were included in the 
study. Radiographic damage was assessed by the modified Stoke Ankylosing Spondylitis Spinal Score (mSASSS). 
A change of 2 mSASSS units in 2 years was defined as progression. The characteristics of the study group such as 
demographic, clinical, laboratory, and treatment history were collected.

Results. There were 350 patients in the study. The mean ± SD mSASSS increased from 9.3 ± 15.8 units at 
baseline to 17.7 ± 21.7 units by the sixth year. Mean ± SD changes in mSASSS between the years 0 to 2, 2 to 4, and 
4 to 6 were 1.23 ± 2.68, 1.47 ± 2.86, and 1.52 ± 3.7 units, respectively. Overall, 24.3% of the group progressed over 
2 years. Male sex (hazard ratio [HR] 2.46 [95% confidence interval (95% CI) 1.05, 5.76]), the presence of baseline 
damage (HR 7.98 [95% CI 3.98, 16]), increased inflammatory markers (log C-reactive protein level HR 1.35 [95% CI 
1.07, 1.70]), and TNFi use (HR 0.82 [95% CI 0.70, 0.96]) were predictive of radiographic progression. There was a 
20% reduction in the rate of progression with TNFi.

Conclusion. Male sex, the presence of baseline damage, active disease state, and higher inflammatory markers 
confer a high risk for disease progression. Treatment with TNFi showed a disease-modifying effect by slowing the 
rate of radiographic progression.

INTRODUCTION

Ankylosing spondylitis (AS) is a chronic inflammatory disease 
of the spine and sacroiliac joints with an unknown etiology. The 
cardinal symptom is the presence of chronic inflammatory back 
pain, which is seen in up to 80% of patients (1). Aside from spi-
nal pain, other clinical features such as peripheral arthritis, uve-
itis, and psoriasis may accompany the clinical course of AS (1). 
Structural spinal damage is a well-known feature of AS, which 
is characterized by new bone formation (syndesmophytes) in the 
spine. Currently, conventional radiography is the gold standard for 
assessment of the extent and severity of spinal disease caused 
by AS (2). Nearly 20–50% of AS patients have been reported to 
show some degree of spinal progression in 2 years of follow-up 
(3–5). Pain and stiffness due to disease activity and structural 

damage are the main contributors for physical function impair-
ment in AS (6). A number of predictors of spinal disease progres-
sion have been described, including baseline structural damage, 
higher inflammatory burden, male sex, positivity for HLA–B27, and 
smoking (3–5,7,8). Nonsteroidal antiinflammatory drugs (NSAIDs) 
and tumor necrosis factor inhibitor (TNFi) treatments are the cor-
nerstone therapies in the management of AS (9). Aside from being 
clinically effective, some reports suggest a beneficial effect on 
structural damage in AS, particularly with the use of TNFi (10–14).

The assessment of AS-related structural changes longitu-
dinally is essential for understanding the natural course of pro-
gression and its underlying factors. This assessment could help 
identify the mechanisms responsible for progression and thereby 
aid in personalizing treatment. In this study, by using a longitudinal 
observational cohort of patients with AS, we sought to identify 
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progression rates and factors predictive of spinal progression. As 
a secondary aim, we analyzed the effect of TNFi on radiographic 
progression in AS.

PATIENTS AND METHODS

Study population. The Toronto Western Hospital Spon-
dylitis Clinic is a longitudinal observational cohort that includes 
consecutive patients with axial spondyloarthritis (SpA) seen at 
this tertiary center. Using a standardized protocol, adult patients 
with axial SpA (age ≥18 years) are followed on an annual basis, 
and their data are systematically collected, including clinical (e.g., 
disease activity [Bath Ankylosing Spondylitis Disease Activity 
Index (BASDAI) and Ankylosing Spondylitis Disease Activity Score 
(ASDAS)] [15,16] and functional parameters [Bath Ankylosing 
Spondylitis Functional Index (BASFI)]) (17), medication history 
(e.g., TNFi and disease-modifying antirheumatic drugs [DMARDs] 
treatment), and laboratory studies. Conventional radiographs are 
performed at 2-year intervals. Inclusion criteria for the current 
study were classification of AS based on the modified New York 
criteria (18) and the availability of the lateral views of cervical and 
lumbar radiographs from at least 2 time points, with a minimum 
interval of 18 months.

Scoring of the radiographs. A study coordinator iden-
tified 354 patients who fulfilled the inclusion criteria. The radio-
graphs were anonymized and 2 experienced readers (IS and SL) 
scored the spinal radiographs independently but in chronologic 
order, using the modified Stoke Ankylosing Spondylitis Spine 
Score (mSASSS) (19). Squaring in the cervical spine was not 
scored because of normal anatomical variation and previously 
defined measurement error (20,21). Radiographs with >3 missing 
vertebral corners (either cervical or lumbar) were excluded from 
the analysis. If ≤3 scores of vertebral corners were missing, impu-
tation was carried out using a previously suggested technique (7). 
In case of disagreement, defined as ≥2 mSASSS units of differ-
ence between 2 assessments, a consensus reading was done 
by both readers. For all other patients, the mean of the 2 read-
ers’ scores was used. Starting from baseline, up to 5 follow-up 
sets, corresponding to 10 years of follow-up, were available. Total, 
cervical, and lumbar mSASSS scores were assembled for each 

period. A change of 2 mSASSS units in 2 years was defined as 
progression (3,10,14,22).

Other variables. The characteristics of the study group, 
such as demographics, clinical (e.g., the presence of extraspi-
nal manifestations), laboratory (erythrocyte sedimentation rate 
and C-reactive protein [CRP] level), and medication history were 
collected. The following ASDAS cutoffs were used for disease 
activity: inactive disease (<1.3), low disease activity (≥1.3 to <2.1), 
high disease activity (≥2.1 to ≤3.5), and very high disease activity 
(>3.5) (23). In patients receiving TNFi, total exposure and exposure 
between radiographic intervals were calculated. For the assess-
ment of TNFi effect, change and progression rates in the follow-
ing 2-year radiographic interval were calculated (e.g., in a patient 
receiving TNFi in the radiographic interval 0 to 2 years, change 
in mSASSS was calculated for the years 2 to 4). Approval for this 
study was obtained from the hospital’s Research Ethics Board. All 
subjects provided informed written consent.

Statistical analysis. Continuous variables were pre-
sented as mean ± SD. Nominal and ordinal data were expressed 
as percentages. Intraclass correlation coefficient (ICC) values 
and kappa statistics were used to analyze observer reliability. 
Radiographic progression over time was investigated using 
generalized estimating equations (GEE). For analysis, the lin-
ear model was selected. We specified participant ID as the 
“subject” variable and follow-up time as the “within-subject” 
variables. Based on the goodness-of-fit statistics, the smaller 

SIGNIFICANCE & INNOVATIONS
• Nearly 25–50% of ankylosing spondylitis patients 

show spinal radiographic progression in 2 years.
• Male sex, baseline spinal damage, high disease ac-

tivity, and increased inflammation markers confer a 
high risk for spinal radiographic progression.

• At least 1 year of treatment with tumor necrosis fac-
tor inhibitor therapy is associated with a 20% reduc-
tion in the rate of spinal radiographic progression.

Table 1. Baseline characteristics of the study group (n = 350)*

Characteristics Values
Age, mean ± SD years 38.4 ± 13.7
Male 266 (76)
Symptom duration, mean ± SD years 14.9 ± 11.1
HLA–B27 positivity 263 (75.1)
Syndesmophytes 165 (47.1)
mSASSS, mean ± SD 9.3 ± 15.8
CRP, mean ± SD mg/liter 14.5 ± 21.7
ESR, mean ± SD mm/hour 15.6 ± 16.9
BASDAI, mean ± SD 4.7 ± 2.5
ASDAS-CRP, mean ± SD 2.9 ± 1.2
BASFI, mean ± SD 3.6 ± 2.8
Smoking ever 89 (25.4)
Uveitis ever 78 (22.3)
Psoriasis ever 27 (7.7)
Inflammatory bowel disease ever 25 (7.1)
Arthritis ever 118 (33.7)
TNFi ever 93 (26.6)
DMARD ever 42 (12)
NSAID ever 148 (42.3)

* Values are the number (%) unless indicated otherwise. ASDAS 
= Ankylosing Spondylitis Disease Activity Score; BASDAI = Bath 
Ankylosing Spondylitis Disease Activity Index; BASFI = Bath 
Ankylosing Spondylitis Functional Index; CRP = C-reactive protein; 
DMARD = disease-modifying antirheumatic drug; ESR = erythrocyte 
sedimentation rate; mSASSS = modified Stoke Ankylosing Spondylitis 
Spine Score; NSAIDs = nonsteroidal antiinflammatory drugs; TNFi = 
tumor necrosis factor inhibitor. 
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“quasi-likelihood under independence model criterion” was 
obtained with the autoregressive working correlation matrix. 
Time-adjusted univariable analysis was performed. We then 
proceeded with a Cox proportional hazards regression anal-
ysis by setting progression (yes/no) as our dependent vari-
able. In the first model, we included baseline damage, sex, 
disease duration, baseline CRP level, and BASDAI score as 
predictors. The BASDAI score was chosen over ASDAS-CRP 
in part because there were fewer missing values, and in part 
to avoid potential multicollinearity with the CRP level. In the 
second model, we included total TNFi exposure in years, and 
in the third model we changed total TNFi exposure to TNFi use 
before baseline radiographs. CRP levels were log transformed 
to improve the distribution of this variable. A double-tailed P 
value of less than 0.05 was considered statistically significant. 
The statistical analysis was carried out using SPSS software, 
version 22.

RESULTS

General characteristics of the study population. 
There were 763 AS patients in the total cohort. The mean ± SD 
age was 39.9 ± 19.9 years, 71.8% of the group were male, 
and 73.7% were positive for HLA–B27. A total of 413 patients 
(mean age 41.1 ± 23.8 years, 68.3% male, and 71.8% HLA–
B27 positive) were excluded from the study due to the presence 
of complete ankylosis at baseline (total mSASSS of 72, n = 4) 
or due to the lack of follow-up radiographs. In total there were 
350 patients (76% male, mean ± SD age 38.4 ± 13.7 years) in 
the study. Among them, 126 (78% male) had been included in a 
previously published study (10). The mean ± SD symptom dura-
tion at baseline was 14.9 ± 11.1 years, 75.1% were positive for 
HLA–B27, and syndesmophytes were present in 46.6% of the 
patients. The baseline characteristics of the patients are shown 
in Table 1.

Reliability. Agreement between readers was good on 
assessing change in mSASSS over time (ICC = 0.88 [95% con-
fidence interval (95% CI) 0.84, 0.91]) and moderate for dichoto-
mous discrimination of progressing and nonprogressing patients 
(κ = 0.61 [95% CI 0.52, 0.67]). Disagreement was present in a total 
of 54 patients (corresponding to 140 radiographs).

Radiographic progression. At the individual level, struc-
tural disease progression was not linear and was highly variable 
(see Supplementary Figure 1, available on the Arthritis Care & 
Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24104/ abstract). At the group level, the mean ± SD mSASSS 
increased from 9.3 ± 15.8 units at baseline to 17.7 ± 21.7 units by 
the 6th year (Table 2). The same trend was observed for cervical 
and lumbar segments separately, with more progression in the 
cervical spine. Mean ± SD change in total mSASSS between the 
radio graph intervals 0 to 2 years, 2 to 4 years, and 4 to 6 years 
were 1.23 ± 2.68, 1.47 ± 2.86, and 1.52 ± 3.7 units, respectively. 
The corresponding progression rates for the given time periods 
were 24.3%, 26.9%, and 19.7%, respectively. When considering 
all time periods, the mean ± SD change in total mSASSS dur-
ing 2 years was 1.34 ± 2.9 units. Overall, 24.3% of the group 
showed progression according to the defined criteria of ≥2 units 
over 2 years. Tables 3 and 4 summarize the change in mSASSS 
and progression rates over time. A cumulative probability plot of 
the mSASSS change between the radiographic intervals is shown 
in Figure 1 (total spine) and Supplementary Figures 2–4 (cervical 
and lumbar segments separately), available on the Arthritis Care 
& Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24104/ abstract (cervical and lumbar segments).

TNFi use and radiographic progression. A total of 
230 patients (65.7%, mean ± SD age 38 ± 13.1 years, and 
78.7% male) were treated with TNFi at some point during 
their follow-up. The mean ± SD duration of anti-TNF use was 

Table 2. Mean change in mSASSS over the years in the study*

Baseline 2nd year 4th year 6th year

No. Mean ± SD No. Mean ± SD No. Mean ± SD No. Mean ± SD
Total 350 9.3 ± 15.8 252 10.5 ± 16.8 197 10.9 ± 17.7 116 17.7 ± 21.7
Cervical 350 5.1 ± 9.4 252 5.6 ± 9.8 197 6.1 ± 10.5 120 10.1 ± 12.9
Lumbar 350 4.2 ± 8.6 252 4.9 ± 9.4 198 4.7 ± 8.9 117 7.5 ± 10.8

* Some data are missing for cervical or lumbar modified Stoke Ankylosing Spondylitis Spine Score (mSASSS), 
which means that the average of the cervical and the lumbar values is not necessarily equal to the total score. 

Table 3. Mean change in mSASSS between time periods of the study*

0–2 years 2–4 years 4–6 years All 2-year intervals

No. Mean ± SD No. Mean ± SD No. Mean ± SD No. Mean ± SD
Total 247 1.23 ± 2.68 119 1.47 ± 2.86 66 1.52 ± 3.7 432 1.34 ± 2.9
Cervical 249 0.63 ± 1.87 119 0.72 ± 1.92 69 0.94 ± 2.45 437 0.7 ± 1.98
Lumbar 250 0.66 ± 1.63 119 0.77 ± 2.0 67 0.67 ± 1.69 436 0.69 ± 1.75

* Some data are missing for cervical or lumbar modified Stoke Ankylosing Spondylitis Spine Score (mSASSS), which 
means that the average of the cervical and the lumbar values is not necessarily equal to the total score. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24104/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24104/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24104/abstract
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5.2 ± 3.4 years. For the calculation of radiographic progres-
sion, patients who were receiving anti-TNF for a period of 
at least 12 months were identified. The change in mSASSS 
and rate of progression over the following 2-year interval 
were calculated. A total of 67 patients had been treated with 
TNFi prior to their baseline radiographs (change in mSASSS 
calculated in the years 0 to 2), and 80 patients receiving 
TNFi in the interval 0 to 2 years (change in mSASSS cal-
culated in the years 2 to 4). The same approach was used 
for  conventional-treatment patients (prior baseline radiogra-
phy [n = 186], and in the years 0 to 2 [n = 81]).  Compared 
to conventional treatment, TNFi-treated patients had a 
lower mSASSS change in the spinal segments in the subse-
quent 2-year radiographic interval, but the differences were 
not statistically significant (Table 5).

Predictors of radiographic progression. In a time- 
adjusted univariable linear GEE analysis, male sex (β = 0.82, SE 
0.39), the presence of baseline syndesmophytes (β = 1.05,  
SE 0.13), baseline CRP level (β = 0.18, SE 0.006), high 
(β = 1.64, SE 0.7) and very high (β = 1.52, SE 0.61) disease 
activity state according to ASDAS-CRP, and TNFi use (β = –0.24,  
SE 0.12) were significantly predictive of mSASSS change over 
time (Table 6). On the other hand, symptom duration, the pres-
ence of HLA–B27, smoking status, BASFI score, and clinical 
variables, including the presence of radiographic hip disease, 
uveitis, psoriasis, inflammatory bowel disease, and DMARD 
and NSAID use, showed no associations with mSASSS pro-
gression (P > 0.05) (Table 6 and Supplementary Table 1, availa-
ble on the  Arthritis Care & Research website at http://onlin elibr 
ary.wiley.com/doi/10.1002/acr.24104/ abstract). In Cox multiple 
regression analysis, aside from disease duration and BASDAI 
score, male sex (hazard ratio [HR] 2.46 [95% CI 1.05, 5.76]), the 
presence of baseline damage (HR 7.98 [95% CI 3.98, 16]), and 
log CRP level (HR 1.35 [95% CI 1.07, 1.70]) were predictive of 
radiographic progression. In the second model, after correcting 
for the aforementioned variables, total TNFi use in years (HR 
0.82 [95% CI 0.70, 0.96]) was an independent predictor of pro-
gression. In the third model, prior TNFi use was included and 
found not to be associated with progression (Table 7).

Table 4. Progression rate between time periods of the study*

0–2 years 2–4 years 4–6 years
All 2-year 
intervals

No. Rate (%) No. Rate (%) No. Rate (%) No. Rate (%)
Total 247 60 (24.3) 119 32 (26.9) 66 13 (19.7) 432 105 (24.3)
Cervical 249 36 (14.5) 119 21 (17.6) 69 12 (17.9) 437 69 (15.8)
Lumbar 250 41 (16.4) 119 16 (13.4) 67 12 (17.4) 436 69 (15.8)

* Some data are missing for cervical or lumbar modified Stoke Ankylosing Spondylitis
Spine Score, which means that the average of the cervical and the lumbar values is not 
necessarily equal to the total score. 

Figure 1. Cumulative probability plots of radiographic spinal 
progression between the years 0 to 2 (A), 2 to 4 (B), and 4 to 6 (C) 
for the total spine. mSASSS = modified Stoke Ankylosing Spondylitis 
Spinal Score.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24104/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24104/abstract
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DISCUSSION

In this study we demonstrated the following results in a longi-
tudinal AS cohort: 1) a progressive increase in the mean mSASSS 
on average of 1.34 units/2 years; 2) 24.3% of the group pro-
gressed according to the criteria of mSASSS ≥2 units; 3) male sex, 
baseline spinal damage, high disease activity, increased inflamma-
tory markers, and treatment with TNFi were predictors of progres-
sion; and 4) using TNFi therapy for at least 1 year was associated 
with a decreased progression rate in the next radiographic interval 
and a 20% reduction in the rate of spinal progression.

One of the hallmark clinical characteristics of AS is the 
development of structural spinal damage over time. A few lon-
gitudinal studies have reported 20–45% rates of radiographic 
progression at 2 years in AS (3–5,7,8,24). Several variables have 
been linked to spinal progression, including baseline spinal dam-
age (3–5,7,8), male sex (7,8), positivity for HLA–B27 (7), higher 

inflammatory burden (3,25,26), and smoking (3). In the current 
study, patients had symptoms for an average of 15 years at base-
line and nearly half of our patients had baseline damage. Progres-
sion rates were highly variable at the individual level, with a mean 
change in mSASSS of 1.34 units every 2 years, and one-fourth 
of patients progressed (change in mSASSS ≥2 in 2 years). There 
was a trend of greater progression in the cervical compared to 
lumbar spine, but the rate of progression was similar between the 
groups. Our results are consistent with the published literature. 
Baseline damage, male sex, and disease activity have previously 
been shown to predict spinal progression (24). After correcting 
for time, each unit increase in ASDAS-CRP resulted in a 0.45-unit 
increase in the yearly slope of mSASSS. Patients with high and 
very high disease activity states were more likely to progress over 
time.

The impact of TNFi treatments on radiographic progression is 
a topic of keen interest (10,13,27–32). Studying the disease mod-
ification potential of biologic response modifiers is not an easy 
task. Disease progression is slow and influenced by several fac-
tors, as seen here. The ideal scientific way to study this question 
would be to have a long-term randomized controlled trial stratified 
by relevant baseline variables and following patients for at least 
4-6 years. Keeping 1 group of patients on placebo or NSAID alone 
for such a long period would be unethical, however, considering 
the proven significant benefits of biologic therapy on symptom 
control. Cohort studies have demonstrated lower radiographic 
progression in TNFi-treated patients. Haroon et al (10) showed 
that TNFi treatment in AS (n = 334) was associated with a 50% 
reduction in the odds of progression. That study also reported a 
higher progression rate in patients who delayed starting TNFi for 
>10 years compared to those who started earlier (10). 

In another study (n = 432), patients who received continu-
ous TNFi at least 2 years prior their baseline radiographs showed 
50% less radiographic progression during the next 2-year inter-
val compared to non-TNFi–treated patients (11). In a Dutch study 
(n = 210), TNFi treatment was associated with reduced progres-
sion beyond 4 years of treatment (12). In a recent study, axial SpA 
patients (n = 315) receiving certolizumab pegol had less progres-
sion rates in the years 2–4 compared to 0–2 (33). In this study, 
there were 230 patients (65.7%) who received TNFi during the 
follow-up period. At least 1 year of treatment with TNFi was asso-
ciated with a 20% reduction in spinal progression during the next 

Table 5. Change in mSASSS and progression rates in the next 2-year radiography 
interval in TNFi and conventionally treated AS patients*

Total Cervical Lumbar

No. Mean ± SD No. Mean ± SD No. Mean ± SD
TNFi 147 1.12 ± 2.4 148 0.60 ± 1.8 147 0.52 ± 1.5
Conventional 260 1.61 ± 3.5 263 0.89 ± 2.5 264 0.80 ± 1.8

* No statistically significant differences were found between the TNFi versus 
conventional treatment groups. AS = ankylosing spondylitis; mSASSS = modified 
Stoke Ankylosing Spondylitis Spine Score; TNFi = tumor necrosis factor inhibitor. 

Table 6. Univariable analysis investigating the relationship between 
mSASSS progression and different variables in a time-adjusted 
model*

Beta SE (95% CI) P
Time 1.08 0.3 (0.5, 1.7) <0.0001
Time × symptom 

duration
0.04 0.29 (–0.02, 0.96) 0.19

Time × sex (men) 0.82 0.39 (0.06, 1.6) 0.04
Time × HLA–B27 

(positive)
–0.11 0.58 (–1.3, 1.03) 0.85

Time × baseline damage 1.05 0.13 (0.81, 1.29) <0.0001
Time × total TNFi 0.12 0.72 (–0.13, 0.15) 0.86
Time × TNFi prior  

radiographic intervals
–0.24 0.12 (–0.48, –0.006) 0.04

Time × smoking 0.04 0.62 (–1.18, 1.25) 0.95
Time × CRP 0.18 0.006 (0.006, 0.03) 0.002
Time × ESR –0.009 0.18 (–0.04, 0.03) 0.59
Time × BASFI 0.19 0.12 (–0.03, 0.42) 0.09
Time × BASDAI (≥4) –0.29 0.58 (–1.43, 0.85) 0.61
Time × ASDAS-CRP

Continuous 0.45 0.18 (0.09, 0.81) 0.01
Moderate 0.8 0.56 (–0.31, 1.91) 0.16
High 1.64 0.7 (0.27, 3) 0.02
Very high 1.52 0.61 (0.33, 2.71) 0.01

* 95% CI = 95% confidence interval; ASDAS = Ankylosing Spondylitis 
Disease Activity Score; BASDAI = Bath Ankylosing Spondylitis Disease 
Activity Index; BASFI = Bath Ankylosing Spondylitis Functional Index; 
CRP = C-reactive protein; ESR = erythrocyte sedimentation rate; 
mSASSS = modified Stoke Ankylosing Spondylitis Spine Score; TNFi = 
tumor necrosis factor inhibitor. 
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2-year interval compared to non-TNFi–treated patients. This effect 
remained significant even after correction of the well-established 
predictors of radiographic progression, including sex, baseline 
damage, disease activity, and inflammation markers.

In this study, radiographic progression and related measures 
were evaluated based on the total mSASSS. We did not ana-
lyze the development of syndesmophytes and bridging syndes-
mophytes separately, which can be considered a limitation of the 
study. We did not calculate an NSAID index that prevented more 
sensitive analysis related to the use of these medications on radio-
graphic progression. We also acknowledge the limitations related 
to mSASSS scoring itself. In this scoring system only anterior ver-
tebral corners of the cervical and lumbar spine were counted (14). 
Because the thoracic segment, posterior vertebral corners, and 
facet joints were not included, the true rate of radiographic pro-
gression is expected to be higher.

In summary, our study adds to the current knowledge on 
progression of spinal disease in AS. Nearly one-third of patients 
progress over time. At baseline, male sex, the presence of dam-
age, active disease state, and higher CRP level confer a higher risk 
of disease progression. In addition, this study confirms the results 
of our earlier multicenter study, and other subsequent longer-term 
studies, that TNFi have a disease-modifying effect in AS (10–12,33).
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Spondyloarthritis and Outcomes in Pregnancy and Labor: A 
Nationwide Register-Based Cohort Study
Sofie Mørk,1  Anne Voss,2  Sören Möller,3  and Mette Bliddal3

Objective. To describe the prevalence of spondyloarthritis (SpA) and subtypes diagnosed prior to delivery in a 
nationwide population of pregnant women, and to estimate how SpA was associated with adverse pregnancy-related 
outcomes.

Methods. Using the Danish Medical Birth Register, we identified 1,199,610 singleton pregnancies (1997–2016). 
Information on SpA and related subtypes (ankylosing spondylitis, psoriatic arthritis, reactive arthritis, arthritis 
associated with inflammatory bowel diseases, and undifferentiated SpA) was derived from the Danish National 
Patient Registry. Odds ratios were calculated using logistic regression models. The analyses were performed with 
overall SpA as exposure and stratified by subtype.

Results. The overall prevalence of SpA diagnosed prior to delivery was 0.31%, increasing from 0.1% in 1997 
to 0.6% in 2016. Comparing women without SpA to women with SpA, the adjusted odds ratios were increased for 
moderately preterm birth (ORadj 1.56 [95% confidence interval (95% CI) 1.33–1.83]), very preterm birth (ORadj 1.47 
[95% CI 1.04–2.08]), elective cesarean section (ORadj 1.44 [95% CI 1.26–1.64]), emergency cesarean section (ORadj 
1.17 [95% CI 1.04–1.33]), and use of epidural (ORadj 1.11 [95% CI 1.02–1.20]). The odds ratios for small for gestational 
age birth and preeclampsia were not increased for women with SpA compared to controls. Results were comparable 
for the subtypes of SpA.

Conclusion. Pregnancies in women with SpA were more often complicated by adverse pregnancy outcomes 
than pregnancies in women without SpA. Clinicians should be aware of this when advising women with SpA in their 
childbearing years. Future research should focus on investigating causal relations and possible interventions aimed 
at preventing these outcomes.

INTRODUCTION

Spondyloarthritis (SpA) comprises a group of inflammatory 
conditions, including ankylosing spondylitis (AS), psoriatic arthritis 
(PsA), reactive arthritis (ReA), arthritis associated with inflamma-
tory bowel disease (SpA with IBD), and undifferentiated spondy-
loarthritis (uSpA) (1). The prevalence of SpA has been estimated 
at 0.4–1.9% (2). In general, these conditions develop in early 
adulthood, therefore also affecting women of childbearing age (3). 
ReA is usually self-limiting, with a duration of <6 months, while 
others like SpA with IBD are often chronic, demanding longstand-
ing immunosuppressive treatment often including tumor necrosis 
factor inhibitors (4–6). Reduced mobility of the pelvis and spine 
in women with SpA may lead to malposition of the fetal head 
(7), with an increased risk of obstructed labor, operative vaginal 

delivery, and delivery by cesarean section (CS) as a consequence 
(8). These complications, in turn, are associated with increased 
risk of maternal and neonatal morbidity and mortality (9). Addi-
tionally, the severity of SpA may also adversely affect pregnancy 
outcomes (10).

Previous research on women with SpA and pregnancy-re-
lated outcomes is sparse and shows conflicting results: one study 
did not find an increased risk of any adverse outcomes regarding 
fertility, pregnancy, or infant outcomes except an increased risk 
of CS in women with AS compared to women without AS (11), 
whereas a case–control study from Sweden found AS to be asso-
ciated with increased risk of preterm birth, CS, and babies born 
small for gestational age (SGA) (12). A Canadian study investi-
gating SpA as a composite exposure found no differences in the 
prevalence of preterm birth, SGA, hypertensive disorders, or CS 
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when women with SpA were compared to women without inflam-
matory diseases (13).

These shortcomings call for further investigation into the 
association between SpA and outcomes in pregnancy and labor, 
using SpA as a primary exposure and stratified by subtype of dis-
ease. The aims of this study were as follows: 1) to determine the 
prevalence of SpA in a nationwide population of pregnant women; 
and 2) to examine how SpA and subtypes of the disease were 
associated with adverse pregnancy outcomes, including preterm 
birth, delivery by CS, preeclampsia, use of epidural, SGA, stillbirth, 
and perinatal mortality.

MATERIALS AND METHODS

We used Danish registers to conduct a cohort study describ-
ing the prevalence of SpA and subtypes diagnosed prior to 
delivery and examining whether SpA was associated with preg-
nancy-related outcomes in Denmark during the study period of 
January 1, 1997 to December 31, 2016.

Data sources. Information on pregnancies was extracted 
from the Danish Medical Birth Register (MBR) (14). The register, 
established in 1973, contains data on all births in Denmark, including 
information on characteristics of mothers and children, pregnancy 
complications, and procedures performed during delivery. Using 
the unique individual identification number assigned to all inhabit-
ants of Denmark at birth or first immigration (15), we linked data 
from the MBR with data from the Danish National Patient Registry 
(NPR) (16). All inpatient admissions have been registered in the NPR 
since 1977, and since 1995, all outpatient visits and emergency 
contacts have been included. Diagnostic codes in the NPR are clas-
sified according to the International Classification of Diseases (ICD), 
8th revision (ICD-8, 1997–1993) and 10th Revision (ICD-10, since 
1994). Due to the Danish health care system, which provides free 
tax-funded medical care to all Danish inhabi tants, the registers allow 
for virtually complete, population-based, cohort studies.

Study population. We included all singleton births identi-
fied in the MBR during the study period. We excluded pregnan-
cies with missing data on gestational age. Pregnancies served as 
the study unit, and women were allowed to have >1 birth contrib-
uting to the study.

Exposure. Exposure was defined as any primary diagno-
sis of SpA prior to the date of delivery. Information on exposure 
was obtained from the NPR using the ICD-10 codes for SpA 
and its subtypes (AS, PsA, ReA, SpA with IBD, and uSpA). The 
specific ICD-10 codes can be found in Supplementary Table 1, 
available on the Arthritis Care & Research website at http://onlin 
elibr ary.wiley.com/doi/10.1002/acr.24111/ abstract. The first SpA 
diagnosis made was used to classify the subtype. To enhance 
diagnostic validity, we disregarded secondary diagnoses and any 
diagnoses made at an emergency unit. All singleton pregnancies 
in women without a diagnosis of SpA prior to delivery served as 
the reference group.

Outcomes. Data on outcomes of pregnancy and labor were 
obtained from the NPR and the MBR and included any primary or 
secondary diagnosis of the respective outcome (for ICD codes, 
see Supplementary Table 1). Pregnancy outcomes included mode 
of delivery (vaginal, assisted vaginal delivery, elective and emer-
gency CS), preeclampsia (yes/no), and use of epidural (yes/
no). Preeclampsia was defined as any case of preeclampsia or 
eclamptic seizure.

Neonatal outcomes included gestational age at delivery, SGA 
(yes/no), an Apgar score of <7 at 5 minutes (yes/no), and perina-
tal mortality (yes/no). Preterm birth was defined as birth before  
37 + 0 weeks and days of gestation and stratified into moderately 
preterm birth (32 + 0 to 36 + 6) and very preterm birth (<32 + 0).  
SGA was defined as birth weight below the 10th percentile (less 
than –1.28 SD) of the expected birth weight (17). We used a 
fourth-degree polynomial equation fitted to the data on gestational 
age and sex of the child to calculate the expected birth weight 
for each child (18). Perinatal mortality was defined as any case 
of intra uterine death or neonatal death within the first 7 days of 
life. We identified any outcomes of pregnancy from the day of 
conception and until 30 days postpartum, as preeclampsia is a 
condition that may manifest in the postpartum period. The day 
of conception was calculated by subtracting the gestational age 
from the day of birth.

Covariates. Information on maternal age (≤19, 20–24, 
25–29, 30–34, 35–39, ≥40 years), smoking in early pregnancy 
(yes/no), body mass index (BMI) (underweight [<18 kg/m2], nor-
mal weight [18–24.9 kg/m2], overweight [25–29.9 kg/m2], and 
obese [≥30 kg/m2]), parity (first-time mothers or women who had 
given birth before), and year of birth (1997–2001, 2002–2006, 
2007–2011, and 2012–2016) was retrieved from the MBR. Data 

SIGNIFICANCE & INNOVATIONS
• In a nationwide cohort of pregnant women repre-

senting 1,199,610 pregnancies (1997–2016), the 
prevalence of spondyloarthritis (SpA) was 0.31%.

• SpA in pregnancy was associated with higher odds 
of both moderately and very preterm birth, elective 
and emergency cesarean section, and use of epi-
dural compared to women without SpA.

• The higher odds were mainly carried by the sub-
types of ankylosing spondylitis and SpA related to 
inflammatory bowel disease.

• Clinicians should be aware of the increased risk of 
adverse pregnancy and labor outcomes when treat-
ing women with SpA in their childbearing years.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24111/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24111/abstract
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on maternal smoking in the first trimester of pregnancy have been 
available in the MBR since late 1997, and information on prepreg-
nancy BMI has been registered since 2003 (14).

Statistical analysis. The characteristics of the study popu-
lation were calculated as counts and frequencies (number, %) for  
categorical variables, and as means ± SD for continuous vari -
ables. We estimated the prevalence of SpA by calculating the point  
prevalence for the full cohort at the end of 2016. To investigate any 
temporal change in the prevalence estimate, we stratified the esti-
mate by birth year, calculated as prevalent cases divided by the 
total number of women giving birth in a given year. The prevalence 
was additionally stratified by subtype of SpA and presented for the 
full cohort and by birth year.

We estimated crude and adjusted odds ratios (ORadj) with 
95% confidence intervals (95% CIs) using logistic regression mod-
els for dichotomous outcomes and multinomial regression models 
for categorical outcomes with >2 categories. Since some mothers 
had >1 child, we accounted for nonindependence between the 
same mother’s pregnancies by clustered SEs using the sandwich 
estimator (19). Adjustment variables were chosen a priori and 
consisted of maternal age, smoking, and BMI. As a preliminary 
analysis, we tested for interaction with year of birth, and although 
statistically significant differences were present (P < 0.01), the 95% 
CIs overlapped considerably; hence, year of birth was included as 
a covariate in the final models. Observations with missing values in 
the adjustment variables were excluded from the adjusted analy-
sis. Because data on BMI were not available before 2003, a large 
frequency of missing values was to be expected but believed to 
be missing completely at random. To investigate and account for 
this, a sensitivity analysis was carried out in which missing values 
for BMI were recoded as a separate category instead of being 
excluded.

All analyses were performed using SpA as a primary exposure 
and repeated with subtype of SpA as exposure. In the subtype 
analysis, women without SpA comprised the group of comparison 
so as to ensure comparability of the estimates for each subtype.

To account for the effect of previous adverse pregnancy out-
comes in women who had given birth before, we conducted a 
sensitivity analysis restricted to first-time mothers. Furthermore, 
a sensitivity analysis, classifying only women with >1 diagnosis 
of SpA as cases, as well as a sensitivity analysis restricted to the 
chronic subtypes of SpA (i.e., leaving out ReA), were carried out.

The study was approved by the Danish Data Protection 
Agency (record number 2012-58-0018). Under Danish law, ethics 
permission is not required for register-based studies. All analyses 
were performed using Stata, version 15.0.

RESULTS

A total of 1,220,038 singleton pregnancies were identified in 
the MBR during the study period, of which 1,199,610 pregnancies  

by 695,563 women had complete data on gestational age. Of 
these, 3,728 pregnancies occurred in 2,479 women with a reg-
istered diagnosis of SpA prior to delivery. The majority of these 
were diagnosed with the subtype ReA (74.7%) (see Supplemen-
tary Table 2, available on the Arthritis Care & Research website 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24111/ abstract). 
The overall prevalence of SpA was 0.31% for the years 1997–
2016 (Figure 1), increasing from 0.1% in 1997 to 0.6% in 2016. 
The prevalence estimates stratified by subtype of SpA and year of 
birth are available in Supplementary Table 2.

Women with SpA were similar to women without SpA with 
regard to prepregnancy BMI but were slightly more likely to be 
older (>30 years), to smoke during pregnancy, and to have their 
first child than women without SpA (Table 1). The mean birth 
weight was nearly the same in the 2 groups.

Compared to the reference group, the OR for preterm birth 
was 55% higher in the SpA group (ORadj 1.55 [95% CI 1.33–1.80]), 
and the risk of moderately and very preterm birth was likewise 
higher (ORadj 1.56 [1.33–1.83] and 1.47 [1.04–2.08], respectively) 
(Table 2). Women diagnosed with SpA had higher ORs for elec-
tive CS (ORadj 1.44 [95% CI 1.26–1.64]), emergency CS (ORadj 
1.17 [95% CI 1.04–1.33]), and epidural analgesia (ORadj 1.11 
[95% CI 1.02–1.20]) compared to the reference group. There was 
no difference between the SpA group and the reference group 
regarding the prevalence of assisted vaginal delivery. The ORs 
for preeclampsia (ORadj 1.22 [95% CI 0.99–1.50]) and SGA (ORadj 
1.09 [95% CI 0.97–1.23]) were higher when women with SpA 
were compared to women without SpA, although not statistically 
significant. The risk of an Apgar score of <7 and perinatal mortality 
did not differ between the groups.

The estimates in the sensitivity analysis, including missing 
values on BMI as a separate category, did not differ substan-
tially from the estimates for the full cohort, although the 95% CIs 
became a bit narrower as a result of the increased sample size. 
However, the result for preeclampsia became statistically signifi-
cant, with an ORadj of 1.30 (95% CI 1.08–1.57). When restricting 
the cohort to first-time mothers, associations were comparable 
to those for the full cohort (see Supplementary Table 3, available 

Figure 1. Prevalence of spondyloarthritis (SpA) in Danish pregnant 
women diagnosed with SpA prior to labor during 1997 through 2016 
and stratified by year of birth.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24111/abstract
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at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24111/ abstract). 
The sensitivity analysis comparing women with >1 diagnosis of 
SpA to women without SpA (see Supplementary Table 4, available 

at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24111/ abstract) 
and the analysis restricted to the chronic subtypes of SpA (see 
Supplementary Table 5, available at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24111/ abstract) showed results similar to those 
of the full cohort, although the sample sizes were smaller; hence, 
the 95% CIs became wider.

Outcomes by subtype of SpA. Stratification by SpA sub-
type showed that the prevalence of preterm birth, delivery by 
CS, and use of epidural were increased for all subtypes of SpA 
compared to the reference-group, most for the subtype SpA with 
IBD, least for PsA (Table 3). Compared to women without SpA, 
women with AS had higher risk of preterm birth (ORadj 1.82 [95% 
CI 1.31–2.53]), CS overall (ORadj 1.51 [95% CI 1.20–1.91]), and 
elective CS (ORadj 1.87 [95% CI 1.39–2.53]) (Table 4). Women with 
SpA with IBD had higher ORs for preterm birth (ORadj 3.17 [95% 
CI 1.61–6.23]), CS overall (ORadj 2.53 [95% CI 1.31–4.24]), and 
elective CS (ORadj 3.53 [95% CI 1.69–7.39]) when they were com-
pared to women without SpA. Due to the small sample sizes in 
the subtypes of PsA, SpA with IBD, and uSpA, estimates are less 
precise, with wide 95% CIs.

DISCUSSION

In this cohort of 695,563 Danish mothers with 1,199,610 
 pregnancies, the prevalence of SpA in pregnancy was 0.31% during 
the years 1997–2016, with a period prevalence for 2016 of 0.60%. 
Women with a diagnosis of SpA prior to labor had increased risk 
of moderately as well as very preterm birth, elective CS, emergency 
CS, and use of epidural compared to women without SpA.

The increasing prevalence of diagnosed SpA in the study 
period could be related to developments in classification cri teria, 
e.g., the introduction in 2011 of the Assessment of Spondylo-
Arthritis international Society classification criteria for axial SpA, 
including the diagnosis of nonradiographic SpA (20), as well as 

Table 2. Crude odds ratios (ORs) and adjusted odds ratios (ORadj) with 95% confidence intervals (95% CIs) for adverse pregnancy outcomes 
in women with spondyloarthritis (SpA) in Denmark (1997–2016)*

SpA No SpA
Crude 

OR
ORadj 

(95% CI)†
Preterm <37 + 0 285 (7.6) 62,807 (5.3) 1.49 1.55 (1.33–1.80)

32 + 0 to 36 + 6 239 (6.4) 52,246 (4.4) 1.51 1.56 (1.33–1.83)
<32 + 0 46 (1.2) 10,561 (0.9) 1.43 1.47 (1.04–2.08)

Assisted VD 280 (7.5) 93,374 (7.8) 1.03 1.04 (0.90–1.21)
CS‡ 872 (23.4) 219,395 (18.4) 1.36 1.29 (1.16–1.43)

Elective 419 (11.2) 90,282 (7.6) 1.59 1.44 (1.26–1.64)
Emergency 453 (12.2) 129,061 (10.8) 1.20 1.17 (1.04–1.33)

Preeclampsia 141 (3.8) 34,061 (2.9) 1.34 1.22 (0.99–1.50)
Epidural analgesia 1,304 (35.0) 304,239 (25.4) 1.58 1.11 (1.02–1.20)
SGA 430 (11.6) 131,596 (11.1) 1.05 1.09 (0.97–1.23)
Apgar score <7 at 5 minutes 27 (0.7) 8,764 (0.7) 0.99 0.98 (0.63–1.52)
Perinatal mortality 25 (0.7) 6,712 (0.6) 1.20 0.84 (0.46–1.51)

* Values are the number (%) unless indicated otherwise. CS = cesarean section; SGA = small for gestational age; VD = vaginal delivery.
† Adjusted for maternal age, smoking, body mass index, and year of birth. 
‡ Including 52 unspecified CSs in the group without SpA. Including 719,246 observations in the adjusted analysis. 

Table 1. Maternal and neonatal characteristics in pregnancies of 
women with spondyloarthritis (SpA) and women without SpA*

SpA No SpA
Pregnancies, no. 3,728 1,195,882
Age at delivery

Mean ± SD years 31.0 ± 5.0 30.5 ± 4.9
≤19 50 (1.3) 17,571 (1.5)
20–24 387 (10.4) 140,478 (11.8)
25–29 1,139 (30.6) 401,819 (33.6)
30–34 1,364 (36.6) 421,166 (35.2)
35–39 667 (17.9) 182,235 (15.2)
≥40 121 (3.2) 32,613 (2.7)

BMI
Mean ± SD kg/m2 24.5 ± 5.1 24.3 ± 5.0
<18 118 (4.1) 31,695 (4.6)
18–24.9 1,758 (60.7) 454,033 (62.4)
25–29.9 634 (21.9) 153,071 (21.0)
≥30 387 (13.4) 89,228 (12.3)
Missing 831 (22.3) 467,855 (39.1)

Parity
First-time mothers 1,704 (46.2) 526,519 (44.6)
Missing 39 (1.1) 14,874 (1.2)

Smoking
Nonsmoker 3,112 (87.2) 939,958 (86.1)
Smoker 459 (12.8) 151,320 (13.9)
Missing 157 (4.2) 104,604 (8.8)

Birth weight
Mean ± SD gm 3,460 ± 598 3,517 ± 574
Missing 22 (0.6) 7,220 (0.6)

Sex, female 1,812 (48.6) 581,627 (48.6)
Missing <3 (0.0) 502 (0.0)

Year of birth
1997–2001 443 (11.9) 315,523 (26.4)
2002–2006 783 (21.0) 305,571 (25.6)
2007–2011 1,057 (28.3) 298,021 (24.9)
2012–2016 1,445 (38.8) 276,767 (23.1)

* Values are the number (%) unless indicated otherwise.
Denominators in percentages are nonmissing observations. BMI = 
body mass index. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24111/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24111/abstract
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http://onlinelibrary.wiley.com/doi/10.1002/acr.24111/abstract
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technological improvements enabling clinicians to better diagnose 
the condition. The increasing prevalence may therefore largely 
reflect these developments in the field rather than a true increase 
in prevalence. While radiographic SpA has a male:female ratio of 
2:1, nonradiographic SpA is diagnosed with equal frequency in 
females as in males, and often at an earlier disease stage (21).

Systemic inflammation is an important pathway leading 
to preterm birth (22), which may in part explain the association 
between SpA and preterm birth. Other studies have suggested 
that the severity of SpA mediates the risk of preterm labor, thus 
further supporting the association between systemic inflamma-
tion and preterm birth (10,12). The proportion of both moderately 
and very preterm birth was higher in women with SpA compared 
to women without the disease. Because very preterm birth is 
associated with severe neonatal morbidity and mortality, this out-
come may be of great concern to parents, clinicians, and society. 

Importantly, the absolute risk was low, and this may be empha-
sized when advising pregnant women with SpA. However low the 
absolute risk, the excess rate of very preterm birth in women with 
SpA is still clinically relevant, as this outcome is related to short- 
and long-term morbidity, including infant death, respiratory dis-
tress, and neurodevelopmental impairment (23).

Although not statistically significant, preeclampsia was 
also more prevalent in women with SpA compared to the refer-
ence group. The etiology of preeclampsia is not fully understood, 
but systemic inflammation may be an important explanatory factor 
(24).

Both preterm birth and preeclampsia may mediate the asso-
ciation between SpA and emergency CS, but factors such as 
severe pain or malposition of the fetal head during labor may also 
contribute to the higher ORs for emergency CS in women with SpA 
(8). Furthermore, a diagnosis of SpA may affect the obstetrician’s 

Table 3. Descriptive data on the prevalence of adverse pregnancy outcomes stratified by subtype of spondyloarthritis (SpA)*

No SpA AS PsA ReA
SpA with 

IBD uSpA
Pregnancies, no. 1,195,882 590 130 2,784 87 137
Preterm birth 62,807 (5.3) 44 (7.5) 11 (8.5) 206 (7.4) 13 (15.0) 11 (8.0)

32 + 0 to 36 + 6 52,246 (4.4) 36 (6.1) 10 (7.7) 173 (6.2) 11 (12.6) 9 (6.6)
<32 + 0 10,561 (0.9) 8 (1.4) <3 NA 33 (1.2) <3 NA <3 NA

Assisted VD 93,374 (7.8) 44 (7.5) 10 (7.7) 211 (7.6) 5 (5.8) 10 (7.3)
CS† 219,395 (18.4) 162 (27.5) 27 (20.8) 616 (22.1) 29 (33.3) 38 (27.7)

Elective 90,282 (7.6) 91 (15.4) 13 (10.0) 269 (9.7) 20 (23.0) 26 (18.9)
Emergency 129,061 (10.8) 71 (12.0) 14 (10.8) 347 (12.5) 9 (10.3) 12 (8.8)

Preeclampsia 34,061 (2.9) 17 (2.9) 3 (2.3) 116 (4.2) <3 NA 3 (2.2)
Epidural analgesia 304,239 (25.4) 227 (38.5) 37 (28.5) 953 (34.2) 31 (35.6) 56 (40.9)
SGA 131,596 (11.1) 61 (10.4) 21 (16.5) 311 (11.2) 15 (18.3) 22 (16.1)
Apgar score <7 at 5 

minutes
8,764 (0.7) 5 (0.9) <3 NA 20 (0.7) 0 (0.0) <3 NA

Perinatal mortality 6,712 (0.6) 6 (1.0) <3 NA 17 (0.6) <3 NA 0 (0.0)
* Values are the number (%) unless indicated otherwise. AS = ankylosing spondylitis; CS = cesarean section; IBD = inflammatory bowel disease; 
NA = not available; PsA = psoriatic arthritis; ReA = reactive arthritis; SGA = small for gestational age; uSpA = undifferentiated spondyloarthritis; 
VD = vaginal delivery. 
† Including 52 unspecified CSs in the group without any subtype of SpA. 

Table 4. Adjusted odds ratios (ORadj) with 95% confidence intervals (95% CIs) for adverse pregnancy outcomes in women diagnosed with 
spondyloarthritis (SpA), stratified by subtype of SpA and compared to women without SpA*

AS PsA ReA SpA with IBD uSpA
Pregnancies, no. 590 130 2,784 87 137
Preterm birth 1.82 (1.31–2.53) 1.24 (0.54–2.83) 1.44 (1.20–1.72) 3.17 (1.61–6.23) 1.87 (0.88–4.00)

32 + 0 to 36 + 6 1.85 (1.30–2.62) 1.48 (0.65–3.38) 1.45 (1.19–1.76) 3.02 (1.44–6.30) 1.70 (0.81–3.92)
<32 + 0 1.67 (0.75–3.74) NA 1.38 (0.91–2.08) NA NA

Assisted VD 1.06 (0.74–1.52) 1.03 (0.48–2.20) 1.03 (0.87–1.22) 0.99 (0.38–2.61) 1.33 (0.62–2.88)
CS 1.51 (1.20–1.91) 1.09 (0.63–1.88) 1.20 (1.06–1.36) 2.35 (1.31–4.24) 1.66 (1.02–2.72)

Elective 1.88 (1.39–2.53) 1.01 (0.47–2.19) 1.24 (1.06–1.46) 3.53 (1.69–7.39) 2.52 (1.46–4.36)
Emergency 1.21 (0.90–1.63) 1.14 (0.58–2.23) 1.17 (1.01–1.35) 1.46 (0.70–3.07) 0.92 (0.48–1.75)

Preeclampsia 1.15 (0.70–1.89) 1.03 (0.23–4.57) 1.27 (1.00–1.61) NA 0.85 (0.27–2.70)
Epidural analgesia 1.14 (0.94–1.38) 0.83 (0.54–1.27) 1.12 (1.02–1.23) 1.05 (0.60–1.82) 1.10 (0.74–1.64)
SGA 1.05 (0.77–1.43) 1.72 (0.98–3.02) 1.03 (0.89–1.19) 1.74 (0.80–3.81) 1.61 (0.99–2.63)
Apgar score <7 at 5 

minutes
1.18 (0.44–3.15) NA 0.93 (0.55–1.58) NA NA

Perinatal mortality 1.43 (0.46–4.44) NA 0.72 (0.34–1.51) NA NA
* Adjusted for maternal age, smoking, body mass index, and year of birth. Data not shown for outcomes with events <3. AS = ankylosing 
spondylitis; CS = cesarean section; IBD = inflammatory bowel disease; NA = not available; PsA = psoriatic arthritis; ReA = reactive arthritis; SGA = 
small for gestational age; uSpA = undifferentiated spondyloarthritis; VD = vaginal delivery. 
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decision to recommend an elective or emergency CS. Future 
research should investigate the indications for CS and the obste-
trician’s reasoning for recommending this mode of delivery. The 
higher ORs for preterm birth and CS in females diagnosed with 
SpA with IBD may partly be explained by the SpA manifestations, 
but the influence of IBD, often requiring intensive antiinflammatory 
treatment even during pregnancy, may also be of importance (25).

Outcomes of pregnancy and labor in women with SpA have 
been investigated in other studies. Clowse (26) conducted a 
cohort study (n = 62) and examined pregnancy-related outcomes 
in women with SpA compared to women with rheumatoid arthri-
tis. The results were comparable between the groups with regard 
to risk of preterm birth and preeclampsia. However, the findings 
are difficult to compare to ours, as the control group consisted of 
women with rheumatoid arthritis and because the study is only 
available as an abstract. Keeling et al compared 2,416 pregnan-
cies in women with SpA with 308,989 pregnancies in healthy con-
trols (13). They found that women with SpA were comparable to 
the healthy controls with regard to hypertension, preterm birth, 
CS, SGA, and neonatal death. These findings are not in line with 
ours, which could be explained by differences in obstetrical prac-
tices as well as demographic differences between Canada and 
Denmark.

Stratification by subtype of SpA showed that all subtypes 
were associated with increased risks of adverse pregnancy out-
comes, suggesting a central role of a shared etiology between 
the subtypes. However, subtype classification was based on the 
first SpA diagnosis attained, and especially for ReA, misclassifica-
tion of subtype is possible, as women with an initially suspected 
ReA may later be diagnosed with a different chronic SpA subtype, 
e.g., SpA with IBD. This would partly explain the increased risk 
of adverse pregnancy outcomes in women with ReA. Subtypes 
of SpA, mainly AS, have been investigated in other studies, but 
results have been inconsistent (10,13,26–27). However, a recent 
case–control study from Sweden, including 388 pregnancies 
in women with AS, found pregnancies in women with AS to be 
associated with preterm birth, CS, and SGA when compared to 
healthy controls (12). The results are in line with ours, although our 
study did not find an increased risk of SGA in women with AS. 
This may in part be explained by different definitions of SGA, as 
the Swedish study used 2 SDs as the cutoff for SGA, whereas we 
used 1.28 SD, which is in accordance with the recommendations 
of the World Health Organization (17).

There are several strengths of this study. First, the pop-
ulation-based design with complete registration of all births 
in Denmark ensured a nationwide unselected cohort with the 
accompanying limited risk of bias due to selection or attrition. 
Second, the large sample size ensured statistical power and 
enabled us to explore SpA as an overall exposure, as well as by 
subtype. Third, we were able to adjust for several potential con-
founders, including prepregnancy BMI, smoking status, year of 
birth, and maternal age.

Some limitations of this study should also be acknow-
ledged. First, the ICD-10 codes for SpA have not been  validated 
within the Danish health care system. To ensure validity, we 
included only SpA given as a primary diagnosis, and ICD-10 
codes were selected in accordance with national standards 
(28). Although the sensitivity analysis restricted to those with 
>1 SpA diagnosis showed results similar to those of the main 
analy sis, some bias due to misclassification cannot be ruled out. 
However, any misclassification of exposure is likely to be nondif-
ferential and would have caused bias toward the null. Second, 
information on disease severity, drug dispensation, and comor-
bidities such as IBD, diabetes mellitus, and hypertension were 
not available, and estimation of any effects mediated by these 
factors thus was not feasible. Third, we lacked data on some 
covariates (BMI and smoking status) in the early study period, 
as the registration was not mandatory. Including missing val-
ues on BMI in a sensitivity analysis did not change the results 
considerably. The missing values were thus considered missing 
completely at random and their risk of bias introduction negli-
gible. Fourth, although the SpA subtypes PsA, SpA with IBD, 
and uSpA showed higher prevalence estimates for a number 
of adverse pregnancy outcomes, limitations in sample size and 
wide 95% CIs warrant some caution when interpreting these 
estimates. While our results are expected to apply to countries 
with similar treatment of rheumatic disorders in pregnancy and 
where obstetrical practices are comparable, generalizability to 
other settings is unknown.

In conclusion, SpA and all subtypes of the disease diagnosed 
prior to delivery were associated with increased risk of adverse 
pregnancy and birth outcomes. Clinicians should be aware of this 
increased risk when treating women with SpA in their childbearing 
years. Future research should investigate the pathophysiology of 
preterm labor in women with SpA and the indications for CS in 
these women to facilitate development of interventions preventing 
these outcomes.
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Low Incidence of Inflammatory Bowel Disease Adverse 
Events in Adalimumab Clinical Trials Across Nine Different 
Diseases
Dirk Elewaut,1  Jürgen Braun,2 Jaclyn K. Anderson,3 Dilek Arikan,3 Su Chen,3 Maja Hojnik,4  
Ann-Sophie De Craemer,1 and Jeffrey R. Curtis5

Objective. Adalimumab is approved for treatment of Crohn’s disease and ulcerative colitis. Thus, we postulated 
that exacerbation or new-onset of inflammatory bowel disease (IBD) would be rare events in patients treated with 
adalimumab for non-IBD indications. The objective was to evaluate the incidence of IBD adverse events (AEs) across 
adalimumab trials.

Methods. IBD AE rates in 75 adalimumab clinical trials in rheumatoid arthritis, polyarticular juvenile idiopathic 
arthritis, pediatric enthesitis-related arthritis, uveitis, hidradenitis suppurativa, adult and pediatric psoriasis, psoriatic 
arthritis, nonpsoriatic arthritis peripheral spondyloarthritis (SpA), axial SpA, including nonradiographic axial SpA, 
and ankylosing spondylitis, were analyzed. Search terms for IBD AEs (new onset or worsening/flare) included IBD, 
ulcerative colitis, Crohn’s disease, and ulcerative proctitis.

Results. This analysis included 24,114 patients, representing 36,508 patient-years of adalimumab exposure. The 
overall rate of IBD AEs in adalimumab-treated patients was 0.1 (95% confidence interval [95% CI] 0.1–0.2)/100 
patient-years (41 events), ranging from no events (psoriatic arthritis, uveitis, and pediatric trials) to 0.8 (95% CI 
0.2–2.2)/100 patient-years in peripheral SpA. The rate of IBD in axial SpA was 0.6 (95% CI 0.4–1.0)/100 patient-years. 
During placebo-controlled trials, the overall IBD rate was 0.1 (95% CI 0.0–0.3)/100 patient-years for adalimumab 
groups (3 events in 6,781 patients; 2,752 patient-years of exposure) and 0.1 (95% CI 0.0–0.4)/100 patient-years for 
placebo groups (1 event in 3,493 patients; 1,246 patient-years of exposure). IBD rates in axial SpA were 0.5 (95% CI 
0.1–1.4)/100 patient-years for adalimumab and 0.6 (95% CI 0.0–3.1)/100 patient-years for placebo.

Conclusion. The rates of IBD AEs in adalimumab clinical trials were generally low across the evaluated diseases, 
including axial SpA; all events occurred in adult patients.

INTRODUCTION

Tumor necrosis factor (TNF) and interleukin-17 (IL-17), among 
other cytokines, play a role in inflammatory bowel disease (IBD) and 
other immune-mediated inflammatory diseases (IMIDs) (1). Previous 
studies have shown that TNF contributes to intestinal inflammation 

and is elevated in the serum and intestinal cells of patients with IBD 
(2). Monoclonal TNF inhibitors (i.e., adalimumab, infliximab, certo-
lizumab, and golimumab) are effective for the treatment of IBD, 
while etanercept, a TNF receptor fusion protein, is not (3).

Similarly to TNF, IL-17 levels are increased in patients with IBD 
and contribute to intestinal inflammation by stimulating various cell 
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types to produce proinflammatory mediators (4). However, avail-
able data indicate that IL-17 inhibition (e.g., with a monoclonal 
antibody blocking IL-17A [secukinumab]) is both ineffective and 
may worsen IBD (5,6).

Adalimumab is approved for the treatment of 15 indications 
worldwide, including adult and pediatric Crohn’s disease and adult 
ulcerative colitis. Therefore, exacerbations of existing or new- onset 
IBD may be rare events in patients treated with adalimumab for 
non-IBD indications. The overall rate of new onset or worsening of 
IBD across adalimumab clinical trials is unknown and is of particu-
lar interest in patients with axial spondyloarthritis (SpA) who have a 
high prevalence of both overt IBD and subclinical gut inflammation 
(7,8). The objective of this analysis was to report the incidence of 
IBD adverse events (AEs) in adalimumab clinical trials across indi-
cations, with a specific focus on IBD occurrence in patients with 
axial SpA, including patients with ankylosing spondylitis (AS) and 
nonradiographic axial SpA.

PATIENTS AND METHODS

Patients. This post hoc analysis assessed the rates of IBD 
AEs in patients with rheumatoid arthritis (RA), polyarticular juvenile 
idiopathic arthritis (JIA), pediatric enthesitis-related arthritis (ERA), 
uveitis (noninfectious intermediate, posterior, or pan-uveitis), 
hidradenitis suppurativa, adult and pediatric psoriasis (including 
nail psoriasis), psoriatic arthritis (PsA), non-PsA peripheral SpA, 
nonradiographic axial SpA, and AS, who participated in phase 
II through phase IV of interventional, adalimumab clinical trials 
(Table 1); patient data from registry, noninterventional, and real-
world studies were not included in the analysis. Adalimumab trials 
conducted specifically in patients with Crohn’s disease, ulcerative 
colitis, and intestinal Behçet’s disease were excluded from this 
analysis. Gastrointestinal-related exclusion criteria varied by trial, 
ranging from a specific exclusion for active or unstable IBD (10 
RA, 6 psoriasis, 2 nonradiographic axial SpA, 1 peripheral SpA, 
and 1 PsA trials) to less specific exclusions for unstable or poorly 

controlled medical conditions or underlying conditions considered 
by the investigator as an unacceptable risk for trial participation. 
Thus, none of the trials included in this analysis excluded patients 
with a history of IBD. The presence of prevalent IBD at baseline was 
not systematically characterized for the entire study population in 
any of the trials. (For information on requesting data from AbbVie- 
sponsored studies, visit: https://www.abbvie.com/our-scien ce/ 
clini cal-trial s/clini cal-trial s-data-and-infor matio n-shari ng/ 
data-and-infor matio n-shari ng-with-quali fied-resea rchers.html).

Assessment of IBD. Data on IBD (new onset, worsening/
flare) were collected as AEs reported throughout the duration of 
the trials and through 70 days (5 half-lives) after the last dose 
of adalimumab. The search criteria for IBD events included the 
following standardized Medical Dictionary for Regulatory Activ-
ities preferred terms (either new onset or worsening/flare): IBD, 
ulcerative colitis, Crohn’s disease, IBD not otherwise specified, 
and ulcerative proctitis. Gastrointestinal perforation was outside 
the scope of the search criteria. The automated search did not 
distinguish between new-onset IBD and flare of preexisting IBD. 
A manual assessment to distinguish new-onset IBD and worsen-
ing of preexisting disease was performed for the events occurring 
in patients with axial SpA (AS and nonradiographic axial SpA).

Statistical analysis. IBD AEs (combined for new onset and 
flare) were reported as the number of patients with an IBD event, 
the total number of events (i.e., each event was recorded sepa-
rately for patients with >1 event), and the number of events when 
censored after the first event. Rates of IBD events were calculated 
as events per 100 patient-years; 95% confidence intervals (95% 
CIs) were based on exact confidence limits from a Poisson distri-
bution. IBD event rates were determined for all patients treated 

SIGNIFICANCE & INNOVATIONS
• The results of this analysis of 75 adalimumab clinical 

trials in adult and pediatric patients demonstrated 
that the rates of inflammatory bowel disease (IBD) 
adverse events were generally low across non-IBD 
diseases, with all events occurring in adult patients.

• In patients with axial spondyloarthritis who have an 
increased risk of IBD, the rates of IBD events were 
comparable between adalimumab- and placebo- 
treated patients.

• Based on these data, adalimumab is a reasonable 
therapeutic option for patients who are eligible for 
a biologic therapy and who are at risk for develop-
ment or worsening of IBD.

Table 1. Number of clinical trials and patient exposure per diseases 
included in the analysis*

Disease Trials, no. Patients, no. (PY)
All adalimumab trials 75 24,114 (36,508)
RA 35 15,152 (24,813)
Psoriasis, adult 17 3,703 (5,409)
All SpA† 12 3,891 (4,363)

AS 5 2,026 (2,120)
Nonradiographic axial SpA 2 863 (855)
PsA 4 837 (998)
Peripheral SpA 1 165 (391)

Hidradenitis suppurativa 4 733 (836)
JIA‡ 4 274 (797)
Uveitis 2 250 (167)
Psoriasis, pediatric 1 111 (122)

* Excludes adalimumab trials in Crohn’s disease, ulcerative colitis, 
and Behçet’s disease. AS = ankylosing spondylitis; JIA = juvenile 
idiopathic arthritis; PsA = psoriatic arthritis; PY = patient-years; SpA = 
spondyloarthritis; RA = rheumatoid arthritis. 
† Includes patients with PsA, peripheral SpA, nonradiographic axial 
SpA, and AS from interventional adalimumab trials. 
‡ Includes patients with polyarticular JIA and pediatric enthesitis-
related arthritis from interventional adalimumab trials. 

https://www.abbvie.com/our-science/clinical-trials/clinical-trials-data-and-information-sharing/data-and-information-sharing-with-qualified-researchers.html
https://www.abbvie.com/our-science/clinical-trials/clinical-trials-data-and-information-sharing/data-and-information-sharing-with-qualified-researchers.html
https://www.abbvie.com/our-science/clinical-trials/clinical-trials-data-and-information-sharing/data-and-information-sharing-with-qualified-researchers.html
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with adalimumab during the studies (any adalimumab population, 
patients who received at least 1 dose of adalimumab), as well as 
separately for placebo- and adalimumab-treated patients during 
the placebo-controlled periods.

To improve comparability between the studies with other-
wise varying durations of follow-up, and given the potential for a 
time-varying hazard of IBD events, the event rate of IBD events 
over the first 1-year period in each trial was also calculated 

Figure 1. Patients treated with adalimumab in clinical trials, including long-term extensions. Excludes patient data from registry, noninterventional, 
real-world studies and from adalimumab trials in Crohn’s disease, ulcerative colitis, and Behçet’s disease. A, Rates of all inflammatory bowel 
disease (IBD) events per 100 patient-years (PY). B, Rates of first IBD events only per 100 patient-years (with patients censored after first 
event). 95% CI = 95% confidence interval; * = includes patients with psoriatic arthritis (PsA), non-PsA peripheral spondyloarthritis (pSpA), 
nonradiographic axial SpA (nr-axSpA), and ankylosing spondylitis (AS) from interventional adalimumab trials; † = includes patients with 
nonradiographic axial SpA and AS from interventional adalimumab trials; ‡ = includes patients with polyarticular juvenile idiopathic arthritis (JIA) 
and pediatric enthesitis-related arthritis from interventional adalimumab trials; HS = hidradenitis suppurativa; RA = rheumatoid arthritis.
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(patients initially receiving placebo were included at the time of 
first adalimumab dose up to year 1).

RESULTS

This analysis included 75 interventional adalimumab clini-
cal trials in 24,114 patients, representing 36,508 patient-years 
of adalimumab exposure (Table 1). The largest exposure was in 
patients with RA (15,152 patients; 24,813 patient-years). A total 
of 2,026 patients from AS studies (2,120 patient-years) and 863 
patients from nonradiographic axial SpA studies (855 patient-
years) were included.

Overall, 41 IBD events (rate of 0.1/100 patient-years) were 
reported across all trials (Figure 1A). The rates of IBD events varied 
across diseases, ranging from no IBD events (PsA, uveitis, and 
pediatric indications) to 0.8/100 patient-years (peripheral SpA) 
(Figure 1A). Thirty-one patients experienced an IBD event, cor-
responding to an overall IBD rate of 0.1/100 patient-years when 
patients were censored after the first event (Figure 1B).

Across the axial SpA trials, corresponding to 2,889 patients 
and 2,975 patient-years of exposure, the rate of IBD in adali-
mumab-treated patients was 0.6/100 patient-years (18 events), 
14 events (0.7/100 patient-years) in 12 patients with AS, and 4 
events (0.5/100 patient-years) in 3 patients with nonradiographic 
axial SpA (Figure 1A). In patients with AS, the 14 IBD events con-
sisted of 7 new-onset events and 7 flares, and in patients with 
nonradiographic axial SpA, the 4 IBD events consisted of 4 flares. 
Among the 15 patients with an IBD event, 5 patients with AS and 
all 3 patients with nonradiographic axial SpA had a prior history 
of IBD; none of these 15 patients prematurely discontinued from 
the trial. A total of 34 patients with AS and 30 patients with nonra-
diographic axial SpA had IBD at baseline (past or present); 15% (5 
of 34) and 10% (3 of 30) of these patients, respectively, or 13% (8 
of 64) overall experienced a flare during the adalimumab studies.

During the placebo-controlled periods, which ranged from 
5 to 80 weeks (most commonly 12 or 24 weeks), 3 IBD events 
(0.1/100 patient-years) in 3 patients were reported with adali-
mumab (among 6,781 patients; 2,752 patient-years of exposure) 
and 1 event (0.1/100 patient-years) with placebo (among 3,493 
patients; 1,246 patient-years of exposure) (Figure 2). All these 
events were reported in patients with axial SpA, corresponding 
to 0.5/100 patient-years (nonradiographic axial SpA, 2 events in 
2 patients; AS, n = 1) with adalimumab and 0.6/100 patient-years 
(nonradiographic axial SpA, n = 1) with placebo. No IBD events 
were reported in pediatric trials or in adult trials of RA, psoriasis, 
PsA, peripheral SpA, uveitis, and hidradenitis suppurativa during 
the placebo-controlled periods (Figure 2).

The rate of IBD events occurring over 1 year of adalimumab 
exposure across all trials was 0.1 (95% CI 0.1–0.2)/100 patient-
years. The 1-year rate of IBD events was 0.5 (95% CI 0.2–
0.9)/100 patient-years for the overall SpA group and 0.6 (95% CI 
0.3–1.2)/100 patient-years for patients with axial SpA (0.5 [95% CI 

0.1–0.6]/100 patient-years for AS, and 0.7 [95% CI 0.2–1.5]/100 
patient-years for nonradiographic axial SpA). The 1-year rate of 
IBD events was <0.1 (95% CI 0.0–0.1)/100 patient-years in RA 
and 0.0 (95% CI 0.0–0.2)/100 patient-years in adult psoriasis trials  
(1 IBD event). No IBD events were reported during the 1-year 
period in all the other adult populations (i.e., PsA, uveitis, hidrad-
enitis suppurativa), as well as in pediatric psoriasis and all JIA 
 (polyarticular JIA and pediatric ERA).

The majority of the 41 IBD events reported across trials were 
not serious events; only 9 serious IBD AEs were observed (5 flares 
and 4 new-onset events), none of which were life threatening or 
led to death. Of these, 4 events were observed in RA trials, 3 
events in AS trials, 1 event in the peripheral SpA trial, and 1 event 
in a hidradenitis suppurativa trial.

DISCUSSION

This analysis of 75 adalimumab clinical trials in >24,000 adult 
and pediatric patients and 36,508 cumulative patient-years of 
exposure to adalimumab demonstrated that the rates of IBD AEs 
were generally low in adalimumab-exposed patients across dis-
eases and comparable to the rates observed in placebo-treated 
patients. Furthermore, all events occurred in adult patients, and 
no IBD events were noted in adult patients with PsA or uveitis.

IMIDs are a broad group of diseases that share common 
inflammatory pathways, and multiple IMIDs commonly may coex-
ist within a patient (1,7,9,10). IBD is a relatively common extraar-
ticular manifestation in certain IMIDs, such as the SpA family of 
diseases. For AS and nonradiographic axial SpA specifically, 
5–10% of patients are estimated to be affected by overt IBD, with 
subclinical disease observed in up to 60% of patients (7,8). In our 
analyses, the rate of IBD-related AEs (both flares and new-onset 
events) in patients with axial SpA (nonradiographic axial SpA and 
AS) was low, with 18 events reported in 2,889 patients, repre-
senting 2,975 patient-years of exposure to adalimumab (0.6/100 
patient-years [95% CI 0.4–1.0]). Furthermore, the rates of IBD AEs 
in patients with axial SpA were similar for adalimumab and placebo 
groups during the placebo-controlled periods (0.5/100 patient-
years versus 0.6/100 patient-years). The incidence of IBD AEs 
was numerically slightly higher in AS than nonradiographic axial 
SpA, 0.7/100 patient-years versus 0.5/100 patient-years, respec-
tively, but the confidence intervals were overlapping (Figure 1).

In an earlier meta-analysis of TNF inhibitor clinical trials, the 
pooled incidence rate of new onset/worsening of IBD in placebo- 
treated patients with AS was 1.3/100 patient-years (95% CI 0.2–
4.8; 150 patient-years), while in patients treated with TNF inhibi-
tors infliximab, etanercept, or adalimumab, the rates, respectively, 
were 0.2/100 patient-years (95% CI 0–0.9; 618 patient-years), 
2.2/100 patient-years (95% CI 1.2–3.8; 625 patient-years), and 
2.3/100 patient-years (95% CI 0.5–6.6; 132 patient-years) (11). 
Based on data from 2,026 patients representing 2,120 patient-
years of adalimumab exposure, the rate of IBD in patients with 
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AS observed in the present analysis (0.7/100 patient-years [95% 
CI 0.4–1.1]) was lower than in that earlier analysis, which included 
only 1 randomized clinical trial (that was also included here) and 1 
small open-label study.

No newer data comparing the incidence of IBD AEs in patients 
with axial SpA receiving nonbiologic versus biologic therapy have 
been published. In the Be-Giant cohort of patients with axial SpA 
fulfilling the Assessment of SpondyloArthritis international Society 
classification criteria (12), the combined incidence rate of flares and 
new onset IBD was 1.64/100 patient-years (95% CI 0.74–3.11) 
for nonbiologic versus 2.73/100 patient-years (95% CI 1.00–5.95) 
for biologic therapy (A. De Craemer and D. Elewaut personal 

communication). These incidence rates are much higher than in our 
analysis of adalimumab axial SpA trials. Similarly, the percentage 
of patients who experienced at least 1 IBD flare was higher in the 
Be-Giant cohort versus the pooled adalimumab axial SpA trial pop-
ulation (33% versus 13%), although baseline IBD prevalence was 
similar (6% versus 5%). However, drawing conclusions based on 
this comparison is difficult, because the total number of axial SpA 
patients included in the Be-Giant cohort to date is relatively low, and 
the total follow-up duration is relatively short (269 patients with a 
total of 769 patient-years follow-up). Furthermore, channeling bias 
cannot be ruled out because patients with more active/severe IBD 
could be preferentially started on biologic therapy in general practice.

Figure 2. Patients from placebo-controlled period of adalimumab clinical trials across diseases. Excludes adalimumab trials in Crohn’s 
disease, ulcerative colitis, and Behçet’s disease. A, Rates of all inflammatory bowel disease (IBD) events as incidence per 100 patient-years 
(PY). B, First IBD events only per 100 patient-years (with patients censored after first event). Duration of placebo periods were 5 weeks  
(1 study), 12 weeks (13 studies), 16 weeks (4 studies), 24 weeks (10 studies), 26 weeks (1 study), 32 weeks (1 study), 40 weeks (1 study), 
52 weeks (1 study), and up to 80 weeks (2 studies). 95% CI = 95% confidence interval; * = includes patients with psoriatic arthritis (PsA),   
non-PsA peripheral spondyloarthritis (pSpA), nonradiographic axial SpA (nr-axSpA), and ankylosing spondylitis (AS) from interventional 
adalimumab trials; † = includes patients with nonradiographic axial SpA and AS from interventional adalimumab trials; ‡ = includes patients 
with polyarticular juvenile idiopathic arthritis (JIA) and pediatric enthesitis-related arthritis from interventional adalimumab trials; HS = hidradenitis 
suppurativa; RA = rheumatoid arthritis.
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Patients with PsA and psoriasis, who share similar inflam-
matory disease pathways with the greater SpA family, are also at 
increased risk of concomitant IBD (9,10). Up to 33% of patients 
with PsA may have bowel involvement (overt or subclinical) (9), 
and the incidence rate (unspecified whether new onset or flare) 
in patients with psoriasis and PsA of Crohn’s disease (0.032 and 
0.057 per 100 patient-years, respectively) and ulcerative colitis 
(0.079 and 0.11 per 100 patient-years, respectively) was higher 
compared with the general population (Crohn’s disease 0.017/100 
patient-years; ulcerative colitis 0.045/100 patient-years) (10). In 
our analysis, no IBD cases were observed among patients with 
PsA, and only 1 event (0.0/100 patient-years) was observed in 
adult patients with psoriasis.

Because IL-17 inhibition is a therapeutic option for patients 
with psoriasis, PsA, and AS (patients who are at increased risk 
of IBD as a manifestation of their disease), it is relevant to dis-
cuss findings for drugs with this mechanism of action. Clinical trial 
data for the IL-17 inhibitor secukinumab suggest no benefit and 
possible worsening of Crohn’s disease (5). The potential risk of 
Crohn’s disease and ulcerative colitis events after secukinumab 
exposure was demonstrated in real-world databases (13), and 
product labeling recommends caution when treating patients with 
AS, PsA, or psoriasis who also have IBD due to risk of IBD exac-
erbation (6). A recent pooled analysis of 10 secukinumab studies 
across these 3 indications reported Crohn’s disease and ulcera-
tive colitis incidence rates for patients with psoriasis (n = 3,430) 
of 0.11/100 patient-years (3 events total; 3 flares) and 0.15/100 
patient-years (4 events total; 2 flares), respectively; for patients 
with PsA (n = 974), 0.07/100 patient-years (1 event total; 0 flares) 
and 0.14/100 patient-years (2 events total; 1 flare), respectively; 
and for patients with AS (n = 591), 0.77/100 patient-years (8 
events total; 3 flares) and 0.29/100 patient-years (3 events total; 1 
flare), respectively. Patients with active IBD were excluded from the 
studies (14). An additional pooled analysis of data from the subset 
of 3 MEASURE trials in 794 patients (1,706 patient-years) with 
AS receiving secukinumab for up to 3 years found an IBD rate of 
0.7/100 patient-years (15). However, these reports did not specify 
the severity of IBD AEs in the secukinumab trials. In our analysis, 
only 9 of 41 IBD AEs across 75 adalimumab trials were serious; 
3 occurred in patients with AS, and none in patients with nonra-
diographic axial SpA. Further, none of the 15 axial SpA patients 
who experienced IBD AEs prematurely discontinued from the trial. 
Risks of new onset or worsening of IBD are largely unknown for 
other biologic therapies that may work along the IBD pathway.

The strengths of this analysis include the fact that IBD data 
were obtained from a large, well-characterized clinical trial data-
base and included a comparison versus placebo, although place-
bo-controlled periods were limited. The limitations of our analysis 
include lack of systematic identification of concomitant IBD at 
baseline in diseases other than axial SpA to distinguish new IBD 
onsets from IBD flares. AE reporting was the mechanism used to 
identify IBD events, and AEs were not systematically confirmed by 

additional diagnostic procedures. This analysis also did not include 
nonspecific terms that may be related to IBD (such as diarrhea, 
blood in stool, etc.) because doing so would overestimate the true 
IBD incidence. It would be useful to know whether subclinical gut 
inflammation, common in patients with SpA, existed at baseline 
in patients with new-onset IBD occurring during the trials, but this 
information was not collected.

In conclusion, the rates of IBD AEs in adalimumab trials 
were generally low across diseases. In patients with axial SpA, 
who are known to be at an increased risk of IBD, the rates of IBD 
events were comparable between adalimumab- and placebo- 
treated patients, as well as with published pooled placebo rates 
across multiple AS clinical trials with TNF inhibitors. Based on the 
observed low rates of IBD and its approved indications for Crohn’s 
disease and ulcerative colitis, adalimumab is a reasonable thera-
peutic option for patients who are eligible for a biologic therapy 
and who are at risk for development or worsening of IBD. This 
analysis provides a benchmark for IBD AEs that other therapies, 
now and in the future, might be compared against.
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Intersectional Inequalities and Individual Heterogeneity in 
Chronic Rheumatic Diseases: An Intersectional Multilevel 
Analysis
Ali Kiadaliri1  and Martin Englund2

Objective. To examine how intersections of multiple sociodemographic variables explain the individual 
heterogeneity in risk of being diagnosed with any of following chronic rheumatic diseases (CRDs): osteoarthritis (OA), 
gout, rheumatoid arthritis (RA), or spondyloarthritis (SpA).

Methods. We identified individuals ages 40–65 years residing in Skåne, Sweden by December 31, 2013 and 
having done so from January 1, 2000 (n = 342,542). We used a Skåne health care register to identify those with a 
diagnosis of the CRD of interest between January 1, 2014 and December 31, 2015, with no previous such diagnosis 
during 2000–2013. We created 144 intersectional social strata (ISS) using categories of age, sex, education, income, 
civil status, and immigration. For individuals nested within ISS, we applied multilevel logistic regression models to 
estimate the variance partition coefficient (VPC) as a measure of discriminatory accuracy of the ISS and the predicted 
absolute risks and 95% credible intervals for each stratum.

Results. Overall, 3.5%, 0.5%, 0.2%, and 0.2% of the study population were diagnosed with OA, gout, RA, and 
SpA, respectively. The VPC ranged from 16.2% for gout to 0.5% for SpA. Sex explained the largest proportion of 
between-strata variation in risk of RA, gout, and SpA, while age was the most important factor for OA. The most 
between-strata differences in risk of these CRDs were due to the additive main effects.

Conclusion. Despite meaningful between-strata inequalities in the risk of being diagnosed with CRDs (except 
SpA), there were substantial within-strata heterogeneities that remain unexplained. There was limited evidence of 
intersectional interaction effects.

INTRODUCTION

Chronic rheumatic diseases are among the leading causes 
of disability globally, entailing a huge health and economic bur-
den on individuals and societies (1,2). The burden of chronic 
rheumatic diseases, however, is unequally distributed along social 
status dimensions (SSDs) such as sex, ethnicity, and socioeco-
nomic status (3–5). The common approach in health inequalities 
literature (including studies on chronic rheumatic diseases) is to 
investigate different SSDs in isolation from one another or to treat 
them as additive distinct processes (6).

However, these approaches are being criticized for the fol-
lowing: 1) they prioritize one axis of inequality over others, ignoring 
the fact that individuals experience both dominant and subordi-
nate SSDs simultaneously; 2) they ignore the fact that SSDs are 

interdependent, mutually constitutive, and reinforce one another; 
3) they treat SSDs as individual-level risk factors rather than prox-
ies for social context that influence individuals over and above 
individual-level characteristics; 4) they fail to capture the heteroge-
neous effects of SSDs on individuals; and 5) they concentrate on 
between-group differences, disregarding the typically significant 
variations within groups (7–9).

In response to these limitations and a lack of progress in reduc-
ing inequalities using existing approaches, there has been a grow-
ing interest in the use of an intersectional approach to investigate 
health inequalities and to identify effective interventions to tackle the 
inequalities (7,8,10). Intersectionality recognizes simultaneous coex-
istence of SSDs and their interactions and acknowledges that inter-
actions between these SSDs within social processes and power 
structures create unique experiences, shaping and influencing 
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individuals’ experiences of advantage and disadvantage (6,10,11). 
Notwithstanding its promising features for assessing inequalities, the 
application of quantitative intersectional analysis in health research is 
limited. The conventional quantitative intersectional analysis involves 
fitting a regression model accounting for all possible interactions 
between SSDs (12,13). However, in addition to the methodologic 
limitations of this approach (e.g., scalability, model parsimony, small 
sample size, and interpretability [14]), the results of these analyses 
are commonly reported as between-group average differences and 
disregard individual heterogeneity within groups, which might pro-
vide misleading information, especially when there is large overlap 
in distribution of health outcomes between groups (8,12,15,16). 
To overcome these limitations, intersectional multilevel analysis of 
individual heterogeneity and discriminatory accuracy (MAIHDA) has 
recently been suggested as an innovative and superior tool for ana-
lyzing social inequalities (8,12,17). In intersectional MAIHDA, individ-
uals are nested within their intersectional social strata defined by the 
unique combinations of all SSDs under investigation (8,14).

Little attention has been paid to intersectionality in the con-
text of chronic rheumatic diseases and, to our knowledge, no pre-
vious study has employed intersectional MAIHDA to investigate 
chronic rheumatic diseases in any population. In the current study, 
we aimed to fill this knowledge gap by applying intersectional MAI-
HDA to assess inequalities in the risk of being diagnosed with 
4 prevalent chronic rheumatic diseases: osteoarthritis (OA), gout, 
rheumatoid arthritis (RA), and spondyloarthritis (SpA). We took 
into account SSDs of age, sex, household income, education, civil 
status, and immigrant status using unique Swedish register data.

MATERIALS AND METHODS

Setting and data. The study is based on register data for 
the entire population of Skåne, the southernmost region in Swe-
den, with 1.27 million inhabitants in the year 2013 (13.2% of the 
total Swedish population). We obtained the data on date of birth, 

sex, and residential addresses from the Swedish Population Reg-
ister. The data on education, household individualized disposable 
income, civil status, and country of birth were obtained from the 
Longitudinal Integration Database for Health Insurance and Labour 
Market Studies (LISA). The LISA database presently holds annual 
registers since 1990 and includes all individuals ≥16 years of age 
who were registered in Sweden as of December 31 for each year. 
The database integrates existing data from the labor market, as 
well as educational and social sectors, and is updated each year 
with a new annual register (https://www.scb.se). We extracted the 
data on diagnoses made during any public health care visit (both 
inpatient and outpatient) between the years 2000 and 2015 from 
the Skåne Healthcare Register (SHR). The SHR is a regional, legis-
lative, mandatory register covering all public health care providers 
in the region, with diagnostic codes recorded by doctors based on 
the International Statistical Classification of Diseases and Related 
Health Problems, Tenth Revision (ICD-10). All these registers were 
linked using the unique personal identification number assigned 
to each individual residing in Sweden. Ethics approval for linking 
these registers and for conducting the study was given by the 
Lund University Ethics Committee (Dnr 2014/276).

Study cohorts. We identified all individuals ages 40–65 
years who were residing in Skåne at the baseline date of Decem-
ber 31, 2013 (n = 412,800) (see Supplementary Figure 1, avail-
able on the Arthritis Care & Research website at http://onlin elibr 
ary.wiley.com/doi/10.1002/acr.24109/ abstract). To have reliable 
data on previous diagnoses, we excluded 70,258 individuals who 
immigrated to Skåne after December 31, 2000. We also excluded 
2,598 individuals who died and 2,625 individuals who emigrated 
during 2014–2015. In addition, 843 individuals were dropped 
for missing data on education. Finally, since we were studying 
the incidence (i.e., new cases) of chronic rheumatic diseases, we 
excluded those with a previous diagnosis of the disorder of inter-
est between January 1, 2000 and December 31, 2013. The final 
sample ranged from 300,925 for OA to 332,406 for RA.

Dependent variables. Four separate dependent variables 
were defined in our study based on the presence or absence 
of a new diagnosis of the following chronic rheumatic diseases 
between January 1, 2014 and December 31, 2015: OA (ICD-10 
codes M15–M19), RA (ICD-10 codes M05–M06), gout (ICD-10 
code M10), and SpA (ICD-10 codes M45 [ankylosing spondylitis], 
L405, M070–M073 [psoriatic arthritis], M074–M075 [inflammatory 
bowel disease], and M46.0–M46.1, M468–M46.9 [undifferenti-
ated SpA]).

SSDs. We included 6 SSDs measured at the baseline date of 
December 31, 2013 as follows: 1) sex was dichotomized as male 
or female according to legal status; 2) age was categorized into 
2 categories (40–54 and 55–65 years); 3) education was defined 
based on years of education (low: 0–9 years of education; medium: 

SIGNIFICANCE & INNOVATIONS
• The intersectional multilevel analysis of individu-

al heterogeneity and discriminatory accuracy has 
been described as a new gold standard for inves-
tigating health inequalities. This is the first study to 
apply this approach in the context of chronic rheu-
matic diseases.

• We found considerable intersectional inequalities 
in the risk of being diagnosed with osteoarthritis, 
gout, and rheumatoid arthritis, while no such ine-
qualities were seen for spondyloarthritis.

• However, moderate discriminatory accuracy of 
intersectional strata indicates that a substantial 
proportion of between-strata differences remains 
unexplained. Therefore, any intervention to reduce 
these inequalities must be universal, not targeted.

https://www.scb.se
http://onlinelibrary.wiley.com/doi/10.1002/acr.24109/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24109/abstract
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10–12 years of education; and high: >12 years of education); 4) 
“income” refers to household individualized disposable income, 
which is calculated by dividing the total disposable income of a 
family by its size, adjusting for the different consumption weights 
of adults and children (according to Statistics Sweden); individuals 
were divided into 3 income groups based on the tertile values 
of the income distribution (low, medium, and high); 5) civil status 
was constructed in 2 groups (cohabitants [those living together 
as a married couple, in a registered partnership, or with a com-
mon child] and living alone [all other individuals]; and 6) immigrant 
status was dichotomized as immigrant (born outside Sweden) 
and native (born in Sweden). Using the possible unique combina-
tions of 6 SSDs, we constructed 144 intersectional social strata 
(144 = 2 × 2 × 3 × 3 × 2 × 2).

Statistical analysis. We conducted intersectional MAI-
HDA as a 2-level random-effects model with individuals (level 1) 
nested within their intersectional social strata (level 2) (8,12). The 
intersectional MAIHDA partitions the total variance in an outcome 
into within- and between-intersectional social strata. Following 
 Axelsson Fisk et al (17), we modeled the risk of each chronic 
rheumatic disorder using 3 successive multilevel logistic regres-
sion models. In model 1, we estimated a random intercepts model 
that included no additive main effects (empty model). From 
this model, we computed the variance partition coefficient (VPC) 
as a measure of the discriminatory accuracy of intersectional social 
strata to correctly discriminate between individuals with or without 
the outcome of interest. The higher the VPC, the higher the share 
of individual differences in outcome attributable to intersectional 
social strata, and the stronger the homogeneity in the outcome 
within the strata (8,17). Using the latent response formulation of 
the logistic regression model, we calculated the VPC as:

where �2
u
 indicates the stratum-level variance, and 3.29 is indi-

vidual-level variance equal to the variance of the standard logistic 
distribution (18). We applied the following grading for assessing 
discriminatory accuracy of intersectional social strata based on 
the VPC (17): nonexistent (0–1); poor (>1 to ≤5); fair (>5 to ≤10); 
good (>10 to ≤20); very good (>20 to ≤30); excellent (>30). In 
addition, we calculated the predicted absolute risks and 95% 
credible intervals (95% CrIs) of the outcome of interest for each 
social intersectional stratum. As a further measure of discrimina-
tory accuracy, we plotted a receiver operating characteristic curve 
and reported the area under the curve (AUC).

In model 2, we estimated a partially adjusted model in which 
we expanded model 1 by adjusting for 1 SSD at a time. Using 
this model, we quantified to what extent each SSD contributed to 
the between-stratum variance observed in model 1 by calculating 
the proportional change in the between-stratum variance (PCV):

The higher the PCV, the more substantial impact of the SSD 
in question on the between-stratum variance in outcome across 
the strata.

In model 3, we estimated a fully adjusted model in which we 
expanded model 1 by simultaneously including as main (fixed) 
effects all 6 SDDs used to construct intersectional social strata. 
In the absence of stratum-specific interactions, this model would 
completely explain the between-stratum variance, and the stra-
tum-level residual would be zero for all strata. Otherwise, the 
stratum-level residual represents the excess risk due to inter-
sectional interaction effects. From this model, we obtained the 
total predicted probability (based on fixed-effects covariates 
capturing the main effects of the SDDs and the random stratum 
effect capturing interaction effects) and the predicted probability 
based solely on the main effects for each stratum. The difference 
between these 2 values represents the absolute risk attributable 
to interaction in each intersectional social stratum. A positive (or 
negative) interaction effect implies that individuals in that stratum 
have higher (or lower) risk than expected based on additive main 
effects. We also obtained adjusted odds ratios (ORadj) for the main 
effects of all SSDs.

All models were estimated using Markov chain Monte Carlo 
(MCMC) procedures with diffuse priors in MLwiN, version 3.02 
(19,20). We ran MLwiN from within Stata, version 15 using the 
“runmlwin” command (21). Quasi-likelihood methods were used 
to provide the MCMC procedure with initialization values. For 
all models, a burn-in of 5,000 iterations and total length of 50,000 
iterations were used. We used Stata codes from Axelsson Fisk et 
al (17) to estimate our models.

RESULTS

The characteristics of individuals included for each of our 4 
selected chronic rheumatic diseases were comparable (Table 1). 
Overall, 3.5%, 0.2%, 0.5%, and 0.2% of individuals were diag-
nosed with OA, RA, gout, and SpA, respectively, during 2014–
2015 (see Supplementary Table 1, available on the Arthritis Care 
& Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24109/ abstract). Model 1 (Table 2) showed that the discrimi-
natory accuracy of the intersectional social strata was fair for OA 
(VPC 7.7% [95% CrI 6.0–9.8]; AUC 0.65) (Figure 1) and RA (VPC 
9.2% [95% CrI 5.6–13.5]; AUC 0.69), good for gout (VPC 16.2% 
[95% CrI 12.0–20.7]; AUC 0.72), and nonexistent for SpA (VPC 
0.5% [95% CrI 0.0–1.9]; AUC 0.60).

The total predicted absolute risk obtained from model 1 for 
OA ranged from 1.09% (95% CrI 0.47–1.95) in immigrant men, 
ages 40–54 years, with high education and high income who lived 
alone to 7.37% (95% CrI 5.75–9.19) among immigrant women, 

VPC =

�
2
u

�
2
u
+ 3.29

× 100%

PCV=

�
2
u(model 1)

−�
2
u(model 2)

�
2
u(model 1)

×100%
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ages 55–65 years, with medium education and low income who 
lived alone (6.8-fold difference) (Table 3; for full version, see Sup-
plementary Tables 2–5, available on the Arthritis Care & Research 
website at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24109/ 

abstract). For RA, the stratum with the lowest total predicted 
absolute risk consisted of Swedish men, ages 40–54 years, 
with medium education and medium income who lived alone, 
while the highest absolute risk was predicted for Swedish women, 

Table 1. Descriptive statistics of the sample for each outcome*

Social status 
dimension

Osteoarthritis 
(n = 300,925)

Rheumatoid arthritis 
(n = 332,406)

Gout 
(n = 331,896)

Spondyloarthritis 
(n = 332,159)

Sex
Women 149,288 (49.6) 166,611 (50.1) 168,630 (50.8) 167,215 (50.3)
Men 151,637 (50.4) 165,795 (49.9) 163,266 (49.2) 164,944 (49.7)

Age, years
40–54 182,728 (60.7) 192,842 (58.0) 192,703 (58.1) 192,187 (57.9)
55–65 118,197 (39.3) 139,564 (42.0) 139,193 (41.9) 139,972 (42.1)

Education
Low 47,223 (15.7) 53,980 (16.2) 53,698 (16.2) 54,099 (16.3)
Medium 146,016 (48.5) 162,141 (48.8) 161,951 (48.8) 162,079 (48.8)
High 107,686 (35.8) 116,285 (35.0) 116,247 (35.0) 115,981 (34.9)

Income
Low 99,856 (33.2) 110,090 (33.1) 110,390 (33.3) 110,257 (33.2)
Medium 100,454 (33.4) 111,028 (33.4) 110,956 (33.4) 110,887 (33.4)
High 100,615 (33.4) 111,288 (33.5) 110,550 (33.3) 111,015 (33.4)

Living alone
No 166,145 (55.2) 184,552 (55.5) 184,164 (55.5) 184,318 (55.5)
Yes 134,780 (44.8) 147,854 (44.5) 147,732 (44.5) 147,841 (44.5)

Immigrant
No 255,126 (84.8) 281,667 (84.7) 281,280 (84.7) 281,370 (84.7)
Yes 45,799 (15.2) 50,739 (15.3) 50,616 (15.3) 50,789 (15.3)

Diagnosed with the 
 outcome 2014–2015
Yes 10,661 (3.5) 681 (0.2) 1,603 (0.5) 600 (0.2)

* Values are the number (%). 

Table 2. Results from unadjusted (model 1) and fully adjusted (model 3) random intercept models*

Osteoarthritis Rheumatoid arthritis Gout Spondyloarthritis

Model 1 Model 3 Model 1 Model 3 Model 1 Model 3 Model 1 Model 3
Sex

Men Ref. Ref. Ref. Ref.
Women 1.61 (1.51–1.73) 2.38 (2.00–2.84) 0.28 (0.24–0.32) 1.50 (1.25–1.80)

Age, years
40–54 Ref. Ref. Ref. Ref.
55–65 2.20 (2.06–2.35) 1.54 (1.29–1.82) 2.15 (1.90–2.42) 0.83 (0.69–1.00)

Education
High Ref. Ref. Ref. Ref.
Medium 1.37 (1.26–1.48) 1.52 (1.22–1.85) 1.41 (1.21–1.64) 1.27 (1.06–1.52)
Low 1.49 (1.36–1.64) 1.84 (1.44–2.33) 1.61 (1.35–1.89) 1.40 (1.09–1.76)

Income
High Ref. Ref. Ref. Ref.
Medium 1.02 (0.93–1.11) 1.06 (0.86–1.31) 1.01 (0.86–1.16) 0.94 (0.77–1.14)
Low 0.92 (0.84–1.00) 1.11 (0.89–1.38) 1.00 (0.86–1.15) 0.88 (0.71–1.07)

Living alone
No Ref. Ref. Ref. Ref.
Yes 0.91 (0.85–0.97) 0.90 (0.75–1.09) 1.02 (0.91–1.15) 0.90 (0.76–1.05)

Immigrant
No Ref. Ref. Ref. Ref.
Yes 0.95 (0.88–1.03) 0.81 (0.64–1.00) 0.86 (0.73–1.00) 0.81 (0.63–1.03)

BSV 0.274 0.019 0.337 0.026 0.643 0.017 0.017 0.007
VPC, % (95% 

CrI)
7.7 (6.0–9.8) 0.6 (0.3–1.0) 9.2 (5.6–13.5) 0.8 (0.0–2.8) 16.2 (12.0–20.7) 0.5 (0.0–1.5) 0.5 (0.0–1.9) 0.2 (0.0–0.8)

* Values are the odds ratio (95% credible interval) unless indicated otherwise. Measures of associations, variance (between-stratum variance 
[BSV]), and discriminatory accuracy (variance partitioning coefficient [VPC]) are reported. Ref. = reference. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24109/abstract
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ages 45–54 years, with low education and medium income who 
lived alone (7.9-fold difference). There were 19.2-fold and 1.2-fold 
differences between the strata with the highest and lowest total 
predicted absolute risks of gout and SpA, respectively.

The PCVs from partially-adjusted models (model 2; data 
not shown in tables) indicated that more than one-half of the 
between-stratum variances in probability of diagnosis with RA 
(PCV 54.2%), gout (PCV 64.9%), and SpA (PCV 63.5%) were 
explained by sex, while for OA, age was the most important factor 
(PCV 61.1%).

The ORsadj from model 3 indicated that the odds of being 
diagnosed with OA, RA, and SpA were higher in women com-
pared to men, while the opposite was seen for gout (Table 2, model 
3). In addition, older individuals had higher risks of OA, RA, and 
gout than younger ones. While high education was associated 
with lower risks of all 4 chronic rheumatic diseases compared 
with medium and low education, the findings on income, civil sta-
tus, and immigration status were generally inconclusive (95% CrIs 
included an ORadj of 1).

Small VPCs of model 3 indicated that the majority of the 
between-stratum variances were explained by additive main 
effects rather than interaction effects of intersectional variables. 
Actually, there were only 6 strata with a predicted absolute risk 
of OA (3 strata with higher, and 3 with lower incidences) different 

from that expected based on additive main effects (Figure 2). In all 
other cases, the 95% CrIs overlap 0 (see Supplementary Figures 
2–4, available on the Arthritis Care & Research website at http://
onlin elibr ary.wiley.com/doi/10.1002/acr.24109/ abstract).

DISCUSSION

In this study, for the first time, we have applied intersectional 
MAIHDA to assess inequalities in 4 common chronic rheumatic 
diseases across intersectional strata constructed by combina-
tions of categories of sex, age, education, income, civil status, 
and immigration. Our results suggested that there were mean-
ingful intersectional inequalities in the risk of being diagnosed with 
OA, RA, and gout, while no such inequalities were seen for SpA. 
We also found that most between-stratum differences in the risk 
of being diagnosed with these chronic rheumatic diseases were 
attributable to sex and age. Furthermore, the majority of between-
strata variations were explained by additive main effects.

Intersectional MAIHDA has been described as a new gold 
standard for investigating health inequalities across socio-
demographic groups (8). This approach provides a more detailed 
and realistic mapping of the health inequalities in the population 
compared with common unidimensional analyses based on 
a single SSD, such as sex, income, or education, and hence 

Figure 1. Receiver operating characteristic curve (ROC) based on predicted probabilities obtained from the unadjusted random intercept 
model (model 1) for osteoarthritis (A), rheumatoid arthritis (B), gout (C), and spondyloarthritis (D). The area under the ROC is an indicator of 
the discriminatory accuracy of the intersectional strata in predicting the risk of being diagnosed with the chronic rheumatic disease of interest.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24109/abstract
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generates knowledge that is more relevant for policy-making 
(17). For example, disregarding individual heterogeneities within 
social strata, one would conclude that women (adjOR 1.50) and 
individuals with low education (adjOR 1.40) are at higher risk of 
being diagnosed with SpA and should be targeted specifically. 
However, applying intersectional MAIHDA, we obtained a VPC of 
0.5% for SpA, implying that the 6 SSDs included in our study are 
rather irrelevant for understanding individual differences in the risk 
of being diagnosed with SpA, and that any intervention targeted 
to a specific subgroup is not justifiable (16,22). This suggests that 
sole concentration on between-stratum differences presents a 
simplified or distorted picture of the complex social realities that 
influence chronic rheumatic diseases and can potentially result in 
failure to design and implement effective policies to tackle socio-
demographic inequalities in these diseases (23).

There were considerable inequalities between intersectional 
strata in the risk of OA, RA, and gout, but not SpA. The lack of 
inequalities in SpA is in line with a previous study in the Skåne 
region that reported no socioeconomic differences in the risk of 
being diagnosed with SpA (24). While not directly comparable, 
our findings on associations between SSDs and the risk of chronic 
rheumatic diseases were generally consistent with previous stud-
ies (4,25–30). However, we revealed substantial heterogeneities 
in sociodemographic inequalities in chronic rheumatic diseases 
that have been overlooked in previous research. For instance, we 
found that among the 10 strata with the highest absolute risks 
for RA were immigrant women, ages 40–54 years, with medium 
income and low education who lived alone, and as well as Swed-
ish women, ages 55–65 years, with low income and high educa-
tion who lived alone. These findings offer a better understanding 
of the sociodemographic pattering of chronic rheumatic diseases.

The moderate VPC and AUC values indicated that sub-
stantial within-strata individual heterogeneities in the risk of being 

diagnosed with chronic rheumatic diseases remained unex-
plained, and that intersectional strata cannot discriminate with 
strong accuracy between those who develop these diseases and 
those who do not. Our results suggested that the vast majority of 
between-strata differences in being diagnosed with the chronic 
rheumatic diseases were explained by additive main effects. 
This means that the direction and the size of the effects are similar 
across SSDs (14). For example, the negative effects of low edu-
cation are similar for men and women, for immigrants and natives, 
and so on. This is consistent with previous studies that applied 
intersectional MAIHDA (9,12,14,17,31). Furthermore, Evans (13) 
found that intersectional MAIHDA models are less likely to find sta-
tistically significant interactions in comparison with conventional 
fixed-effects models. However, one should take into account that 
the meanings of “additive main effects” and “interaction” are fun-
damentally different in intersectional MAIHDA than in conventional 
fixed-effects models, and this might explain differences between 
these 2 approaches in detecting statistically significant interac-
tions (13). It should also be noted that the presence of intersec-
tional interaction varies by context and studied outcome (17), and 
the lack of intersectional interaction in our study does not imply a 
general lack of such effects for other settings and/or outcomes. 
Furthermore, the variation in magnitude of VPCs for the 4 different 
chronic rheumatic diseases in our study highlights the need for 
conducting similar studies in other settings.

Several limitations of the current study, mainly related to the data 
sources, should be acknowledged. Our study is subject to prob-
lems inherent to administrative register data, including misdiagnosis 
and coding errors. Moreover, we used regional data, which might 
not be nationally representative, and hence findings might not be 
generalizable to the entire Swedish population. On the other hand, 
using regional data enabled us to use primary health care data in 
addition to inpatient care data to identify those with the outcome of 

Figure 2. The stratum-level residual representing the excess risk of being diagnosed with osteoarthritis due to interaction effects obtained 
from the fully adjusted model (model 3). C = cohabitating; HE = high education; HI = high income; IM =immigrant; L = living alone; LE = low 
education; LI = low income; ME = medium education; MI = medium income; SW = born in Sweden. Error bars show the credible interval.
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interest, while no national primary care data are available in Swe-
den. Similar to the most quantitative intersectionality studies, data 
on the gender continuum in the register were lacking, and gen-
der was defined as female or male, conflating gender identity with 
biological sex. No data were available on several important SSDs, 
such as race/ethnicity, sexual orientation, and disability. In addition, 
income and education cannot fully capture all aspects of social 
class. We also were unable to investigate immigrant populations 
according to length of residence in Sweden, which is an impor-
tant factor in the health and social status of those populations. To 
have reliable data on the diagnosis of chronic rheumatic diseases 
over a long time period, we excluded subjects who relocated to 
Skåne after the year 2000. This means that individuals included 
in this study had been living in the Skåne region for a minimum of 
13 years. Hence, the results might not be generalizable to those 
who have lived in the region for shorter time periods. We studied 
incidence rather than prevalence due to the potential for reverse 
causation between income and chronic rheumatic diseases (i.e., 
the preexistence of a chronic rheumatic disease may lead to lower 
income). Our approach, however, may cause an underestimation of 
intersectional inequalities if more individuals were excluded in strata 
with higher incidence of chronic rheumatic disease compared 
to more advantageous strata with lower incidence (17). Evans et al 
(13) found a tendency to detect new points of interaction as more 
SSDs were included in intersectional MAIHDA. This implies that our 
results would possibly be different if more SSDs were included.

In conclusion, using a novel approach in assessing inter-
sectional inequalities, we found that while there were substantial 
between-strata inequalities in the risk of being diagnosed with 
chronic rheumatic diseases (except SpA), a substantial share of 
within-strata individual heterogeneities remains unexplained. We 
also found that the vast majority of between-strata differences 
in being diagnosed with these diseases were explained by addi-
tive main effects rather than interactions between SSDs. In line with 
the concept of proportionate universalism (32), the moderate dis-
criminatory accuracy of intersectional strata in our study suggests 
that any interventions to reduce inequalities in chronic rheumatic 
diseases must be universal, not targeted, but with a scale and 
intensity that are proportionate to the degree of disadvantage. We 
hope that our study encourages others to apply intersectionality in 
general, and intersectional MAIHDA in particular, when assessing 
inequalities in health outcomes, including in the chronic rheumatic 
diseases.
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