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Download the New ACR Publications Mobile App

The brand-new ACR Publications app can be downloaded for free 
from the Apple store or Google Play. ACR members can log in for 
full-text access to all articles in Arthritis Care & Research and Arthritis 
& Rheumatology. Nonmembers can access abstracts of all AC&R and 
A&R articles, the full text of articles published more than one year 
ago, and select open-access articles published recently, as well as the 
full text of all articles from ACR Open Rheumatology and The Rheuma-
tologist.

New Division Name

Rheumatology is truly a people specialty; We often develop 
 lifelong relationships with our patients as well as our colleagues. 
We increasingly recognize that providing the best rheumatologic 
care requires a team eff ort. The collegial nature of our specialty is 
 refl ected in the ACR’s mission statement: To empower rheumatology 
professionals to excel in their specialty.

In keeping with this mission, we are pleased to announce that our 
health professionals’ membership division is changing its name to 
Association of Rheumatology Professionals (ARP). This name change 
highlights the dedication of the ACR to serve the entire rheumatol-
ogy community. It also refl ects our broadened base of interprofes-
sional members (administrators, advanced practice nurses, health 
educators, nurses, occupational therapists, pharmacists, physical 
therapists, physician assistants,  research teams, and more).

The name is new, but our commitment and promise remain the 
same: We are here for you, so you can be there for your patients.

ARP Membership 

The Association of Rheumatology Professionals (ARP), a division of 
the American College of Rheumatology, appreciates your continued 
membership and looks forward to serving you another year. Mem-
bership costs range from $30 to $140. ARP welcomes nurse practi-
tioners, nurses, physician assistants, office staff , researchers, physical 
therapists, occupational therapists, assistants, and students. Student 
membership is complimentary; the Annual Meeting registration fee is 
waived for students who submit the required student verification let-
ter. For information, go to www.rheumatology.org and select “Mem-
bership” or call 404-633-3777 and ask for an ARP staff  member. 

New ACR Journal Twitter Account (@ACR_Journals) and Social 
Media Editor 

The ACR journals are heightening our focus on social media, 
to benefi t authors and readers. Among our fi rst activities is 
the introduction of an offi  cial ACR Journals Twitter account: @
ACR_Journals. Followers will enjoy special features and the op-
portunity to engage with authors and other fellow profession-
als about studies published in Arthritis Care & Research, Arthritis 
& Rheumatology, and ACR Open Rheumatology. Authors of pub-
lished articles will have the opportunity to use @ACR_Journals 
to share their work and engage in dialogue with others inter-
ested in the research. The journals welcome Dr. Paul Sufka of 
Minneapolis as our fi rst Social Media Editor. 



Aims and Scope 
Arthritis Care & Research is an offi  cial journal of the American College of Rheumatology and the Association of Rheumatology 

Professionals, a division of the College. Arthritis Care & Research is a peer-reviewed journal that publishes both original research 
and review articles that promote  excellence in the clinical practice of rheumatology. Relevant to the care of individuals with 
arthritis and related disorders, major topics are evidence-based practice studies, clinical problems, practice guide-lines, health 
care economics, health care policy, educational, social, and public health issues, and future  trends in rheumatology practice. 
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Long- Term Safety of Rituximab in Patients With Rheumatoid 
Arthritis: Results of a Five-Year Observational Study
Kevin L. Winthrop,1 Kenneth Saag,2 Matthew D. Cascino,3 Jinglan Pei,3 Ani John,3 Angelika Jahreis,3 
Tmirah Haselkorn,3 and Daniel E. Furst4

Objective. To evaluate the long- term safety of rituximab in an observational cohort of patients with rheumatoid 
arthritis (RA) who had an inadequate response to ≥1 anti–tumor necrosis factor therapy in the US (SUNSTONE [Study 
of the Safety of Rituxan in Patients With Rheumatoid Arthritis After an Inadequate Response to Previous Anti- TNF 
Therapy] registry).

Methods. In this prospective, observational cohort study, patients received rituximab according to their  physician’s 
standard practice and were evaluated at standard- of- care follow- up visits at least every 6 months. The primary 
 outcome was the incidence of protocol- defined significant infections. Secondary outcomes included serious adverse 
events potentially associated with rituximab, cardiovascular or thrombotic events, seizures, deaths, and pregnancies. 
Post hoc analyses assessed outcomes by concomitant medication use.

Results. Overall, 989 patients (safety- evaluable population) received ≥1 dose of rituximab, with a total follow- up 
of 3,844 patient- years (mean duration 3.9 years). In total, 341 significant infections occurred in 197 patients (19.9%). 
The incidence rates (95% confidence intervals [95% CIs]) for significant infections, cardiovascular or thrombotic 
events, and seizures were 8.87 (95% CI 7.98–9.86), 1.95 (95% CI 1.56–2.45), and 0.18 (95% CI 0.09–0.38) per 100 
patient- years, respectively. The incidence of significant infections did not increase with time or with cumulative ritux-
imab exposure. During the study, 64 patients died (crude mortality rate 1.66 per 100 patient- years [95% CI 1.30–
2.13]). The most common causes of death were infections (n = 19), malignancy (n = 14), and cardiovascular events 
(n = 13). Eight pregnancies were reported in 7 patients.

Conclusion. In patients with RA treated with rituximab for up to 5 years, the rates of significant infections were 
stable over time and higher in patients who received long- term systemic steroid treatment.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory disease 
that, if untreated, leads to joint damage and disability. Patients 
with RA are at a higher risk of infection, lymphomas, and cardio-
vascular disease (CVD) than the general population (1–4). Biologic 
disease- modifying antirheumatic drugs (bDMARDs) may elevate 
the risks of serious infections and malignancies (5–9).

Rituximab is an anti- CD20 monoclonal antibody that targets 
and depletes CD20- positive B cells and has been shown to be 

effective for treating RA (10–17). Rituximab, in combination with 
methotrexate (MTX), is approved to treat RA in patients with an 
inadequate response to ≥1 anti–tumor necrosis factor  (anti- TNF) 
agent. The safety profile of rituximab for the treatment of RA 
continues to be defined, and there is a need for high- quality, 
real- world safety data in addition to the results of randomized 
clinical trials. In randomized, placebo- controlled trials, the rates 
of adverse events (AEs) and serious AEs (SAEs) were similar in 
patients with RA treated with MTX plus rituximab and in those 
who received MTX plus placebo (10–13,15–18). Open- label fol-
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low- up of patients (≥11 years) enrolled in randomized clinical trials 
suggested that incidence rates (IRs) of key AEs remained stable 
during multiple courses of treatment (≥6), although these data are 
limited by cohort size and exposure time (19–21). To date, safety 
data for patients with RA receiving rituximab on a long- term basis 
in the real- world setting are limited.

SUNSTONE (Study of the Safety of Rituxan in Patients With 
Rheumatoid Arthritis After an Inadequate Response to Previous 
Anti- TNF Therapy) was a prospective, observational cohort study 
designed to evaluate the long- term safety of rituximab in patients 
with RA in real- world clinical settings in the US, including evalu-
ating the incidence of significant infections and SAEs. The study 
also provided the opportunity to examine the incidence of malig-
nancies as an exploratory objective.

PATIENTS AND METHODS

Study design and population. The SUNSTONE regis-
try was an observational study designed to follow patients with 
RA who had an inadequate response to ≥1 anti- TNF agent and 
who subsequently received rituximab. Patients were recruited to 
SUNSTONE between January 2007 and October 2008 from 173 
private and academic practices across 38 states within the US 
and Puerto Rico. Inclusion criteria for this study included age ≥18 
years, a diagnosis of RA, an inadequate response to ≥1 anti- TNF 
agent, and no prior use of rituximab, unless received ≤8 weeks 
before screening. (Investigators of the SUNSTONE registry are 
shown in Appendix A.)

Patients were treated with rituximab in accordance with their 
physician’s standard practice. Rituximab was administered per 
the label recommendations for RA (each treatment course con-
sisting of 2 × 1,000- mg intravenous [IV] infusions separated by 

2 weeks; courses were repeated every 24 weeks based on clinical 
evaluation, but not sooner than every 16 weeks) or at the physi-
cian’s discretion (22). Patients were followed for ≤5 years (end of 
study) or until death, withdrawal of consent, or loss to follow- up. 
Follow- up continued regardless of discontinuation of rituximab or 
switching to another bDMARD. Protocol- specified assessments 
were completed at screening, at baseline, and at standard- of- 
care follow- up visits that occurred at least every 6 months and 
included medical history, current RA disease status, the physi-
cian’s global assessment, and AEs. Targeted AEs reported during 
standard- of- care follow- up visits were entered into an electronic 
case report form. Concomitant medication use was reported by 
the treating physician. Source documentation for reported events 
was reviewed during annual site- monitoring visits.

All procedures followed were in accordance with the ethics 
standards of the responsible committee on human experimenta-
tion (institutional and national) and with the Helsinki Declaration of 
1964, as revised in 2013. All investigators obtained institutional 
review board approval for the investigation, and all patients pro-
vided informed consent.

Outcomes. The primary outcome was the incidence of 
significant infections, defined as any infection that required 
hospitalization, was life- threatening or fatal, resulted in signif-
icant disability, was medically significant in the opinion of the 
investigator, or required IV antibiotics. Significant infections 
were confirmed through a review of medical records, diagnos-
tic imaging, and histology or pathology reports, including both 
cases with and those without culture results. This protocol- 
defined outcome was selected to provide an inclusive mea-
sure of clinically significant infections, including those that were  
identified as serious infections (SAEs), as well as nonhospital-
ized infections that required treatment with IV antibiotics. Per 
protocol, SAEs were defined as any AE that was life- threatening 
or fatal, required prolonged hospitalization, resulted in significant 
disability, congenital anomaly, or a birth defect, or was medically 
significant (in the investigator’s opinion). The classification of an 
infection as opportunistic was based on the investigator’s judg-
ment and did not follow any specific guidance. A post hoc case 
review of opportunistic infections was performed by an expert 
panel (KLW, KS, and DEF) to adjudicate reported opportunistic 
infections according to published consensus definitions (23).

Secondary outcomes included the IRs of the targeted AEs, 
deaths and causes of death, and pregnancies and pregnancy 
outcomes. Targeted AEs included SAEs suspected to be asso-
ciated with rituximab or with another treatment as assessed by 
the investigator, cardiovascular or thrombotic (CVT) events, and 
seizures. CVT events were defined as myocardial infarction (MI), 
cerebrovascular accident (CVA), deep vein thrombosis (DVT), 
and pulmonary embolism (PE). The IRs of malignancies, exclud-
ing nonmelanoma skin cancers, were assessed as a post hoc 
exploratory outcome.

SIGNIFICANCE & INNOVATIONS
• This 5-year prospective, observational study eval-

uated the safety of rituximab in combination with 
methotrexate in patients with rheumatoid arthri-
tis who had a previous inadequate response to ≥1 
anti–tumor necrosis factor agent in real-world clini-
cal settings.

• This study sought to characterize the incidence of 
clinically significant infections, a broadly defined 
outcome that includes both serious infections and 
nonhospitalized infections that required treatment 
with intravenous antibiotics.

• The observed rate of clinically significant infections 
in this study is between previously reported rates 
among rituximab-treated patients with rheumatoid 
arthritis in clinical trials and the US Medicare pa-
tient population. Consistent with previous findings, 
infection rates were stable over time and with re-
peated rituximab exposure.
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Statistical analysis. Descriptive statistics were used to 
characterize patient demographics, medical history, and treat-
ment patterns during the study period. Estimates of IRs and 
proportions of patients with safety events were given with 95% 
confidence intervals (95% CIs). IRs for outcomes expressed as 
events per 100 patient- years were calculated as the total number 
of events that occurred during the study period divided by the 
sum of patient- years of follow- up in the safety- evaluable popula-
tion, comprising all patients who received rituximab in the study. 
Patients were followed until the end of the study, death, or loss 
to follow- up. The 95% CIs of the IRs were calculated based on a 
normal approximation, under the assumption that the number of 
events followed a Poisson distribution.

Post hoc subgroup analyses were conducted on 4 treat-
ment subgroups, based on the drug combinations received: 
neither concomitant conventional synthetic DMARD (csDMARD) 
nor long- term systemic steroids during the study, long- term sys-
temic ste roids but not csDMARD, csDMARD but not long- term 
systemic steroids, and both csDMARD and long- term systemic 
steroids. Systemic steroids did not include topical, nasal, or oph-
thalmic preparations or single- dose intraarticular, single- dose 
intramuscular, or single- dose IV injections. Long-term systemic 
steroid use was defined as a patient receiving ≥30 consecutive 
days of systemic steroids at any point during the study. No multi-
variate analysis of risk factors was performed.

RESULTS

Patients. Of 1,071 patients screened, 995 were treated with 
rituximab, and 989 were included in the safety- evaluable popu-
lation, the primary analysis population for this study (6 patients 
received rituximab but were excluded due to protocol violations 
at the study site). A total of 569 patients (57.5%) completed the 
5- year study  (Figure  1). The safety- evaluable population was 
81.8% female and 82.1% white, with a mean ± SD age of 57.3 

± 13.0 years (Table 1). The median RA disease duration was 9 

years.
Prior to the study, 936 patients (94.6%) had received ≥1 

anti- TNF agent for a median duration of treatment of 3.5 years 
(interquartile range [IQR] 1.9–5.7), 797 patients (80.6%) had been 
treated with a csDMARD for a median duration of 6.0 years (IQR 
3.0–9.2), and 493 patients (49.8%) had been treated with sys-
temic steroids for a median duration of 4.1 years (IQR 1.8–7.7). 
At baseline, 767 patients (77.6%) were receiving a concomitant 
csDMARD and 526 (53.2%) were receiving systemic steroids.

Treatment. A total of 989 patients received ≥1 dose of 
rituximab during the study, with a total follow- up of 3,844 patient- 
years. The mean rituximab treatment duration was 3.9 years 
(median 4.9 years); patients received a mean of 4.0 treatment 
courses during the entire study follow- up period. Overall, 72% 
of patients received ≥2 treatment courses of rituximab, 56% ≥3 
treatment courses, and 46% ≥4 courses. The median total dose 
per treatment course was 2,000 mg (range 200–4,000) (1 patient 
received 2,000 mg twice in the first course of treatment). For all 
treatment courses, 92% of patients received 2 doses of rituximab 
during a span of ≤21 days.

At any point during the study period, 890 patients (90.0%) 
received a concomitant csDMARD. During the study, 786 patients 
(79.5%) were treated with systemic steroids, 726 patients (73.4%) 
received long- term systemic steroids (≥30  consecutive days of 
receiving systemic steroids), and 659 patients (66.6%) received 
both long- term systemic steroids concomitant with csDMARD 
treatment during the study. Baseline characteristics were similar 
across subgroups of patients who did or did not receive a con-
comitant csDMARD with or without long- term systemic steroid 
use (see Supplementary Table 1,  available on the Arthritis Care & 
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23781/abstract). A total of 341 patients (35%) received a 
different bDMARD following rituximab treatment during the fol-

Figure 1. Patient disposition.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23781/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23781/abstract
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low- up period, with a median washout period of 0.48 years (IQR 
0.28–0.76).

Significant infections. A total of 341 significant infections 
were reported in 197 patients (20%); 78 patients (8%) had ≥2 sig-
nificant infections. The overall IR of significant infections was 8.87 
per 100 patient- years (95% CI 7.98–9.86).

The majority of significant infections (85.6%) were also clas-
sified as SAEs, resulting in an IR of serious infections of 7.60 
(95% CI 6.77–8.52). The remainder (14.4%) were infections that 
required IV antibiotics but did not require hospitalization and thus 
did not meet the definition of an SAE, because the route of treat-
ment was not specified in the definition of an SAE.

The most frequently occurring infections were pneumonia  
(n = 55 [5.6%]), cellulitis (n = 25 [2.5%]), urinary tract infection 
(n = 21 [2.1%]), bronchitis (n = 16 [1.6%]), and sepsis (n = 12 

[1.2%]). Of the 197 patients who experienced ≥1 significant infec-
tion, 77 (39.1%) had an infection in the lower respiratory tract; the 
most frequently diagnosed type of infection, occurring in 66.0% of 
patients (130 of 197), was bacterial. No incident cases of tuber-
culosis were reported.

Opportunistic infections in 15 patients were reported by site 
investigators. An expert panel adjudicated these cases per consen-
sus definitions and confirmed that 11 patients had opportunistic 
infections (IR 0.29 per 100 patient- years [95% CI 0.16–0.52]) and 
10 had serious opportunistic infections (IR 0.26 per 100 patient- 
years [95%  CI 0.14–0.48]). Of the 11 confirmed opportunistic 
infections, 8 were fungal (Aspergillus, Candida,  Histoplasma, and 
uncharacterized), and 3 were viral (herpes zoster). The sites of 
confirmed opportunistic infections included 6 lower respiratory 
tract, 1 upper respiratory tract, 1 skin, 1 carditis or pericarditis, 
and 2 other. Four of the 11 confirmed opportunistic infections 

* Values are the number (%) unless indicated otherwise. RF = rheumatoid factor; PGA = physician’s general assessment; HAQ DI = Health 
Assessment Questionnaire disability index; DMARD = disease- modifying antirheumatic drug; csDMARD = conventional synthetic DMARD; 
anti- TNF = anti–tumor necrosis factor. 
† n = 965 patients with available data. 
‡ The most frequently reported diagnoses were breast cancer (n = 38), basal cell carcinoma (n = 21), melanoma (n = 14), prostate cancer  
(n = 10), skin cancer (n = 8), colon cancer (n = 8), cervical cancer (n = 6), lymphoma (n = 6), squamous cell carcinoma (n = 6), and non- Hodgkin’s 
lymphoma (n = 5). 
§ The most frequently reported diagnoses were hypertension (n = 390) and hyperlipidemia (n = 216). Prior diagnosis of myocardial infarction 
(n = 46), stroke (n = 35), deep vein thrombosis (n = 33), or pulmonary embolism (n = 16) was infrequent. A history of  arterial disease was not 
specifically collected. 

Characteristic
Safety- evaluable 

population (n = 989)

Age, mean ± SD years 57.3 ± 13.0
Women 809 (81.8)
Race

White 812 (82.1)
African American 95 (9.6)
Asian 21 (2.1)
Other 14 (1.4)
Unavailable 47 (4.8)

Ethnicity
Hispanic/Latino 78 (7.9)
Not Hispanic/Latino 848 (85.7)
Unavailable 63 (6.4)

Disease duration, median (range) 
years

9.0 (0–62)

RF positivity† 713 (73.9)
PGA, mean ± SD 65.1 ± 21.8
HAQ DI score, mean ± SD 1.48 ± 0.67
Medical history

Diabetes mellitus 147 (14.9)
Malignancy‡ 134 (13.5)
Cardiovascular disease§ 579 (58.5)
Infections 325 (32.9)

Table 1. Patient demographics and baseline characteristics*

Characteristic
Safety- evaluable 

population (n = 989)

Opportunistic infections 24 (2.4)
Pulmonary disease 286 (28.9)

Treatment history
Prior DMARD use, any 976 (98.7)
Prior csDMARD 797 (80.6)
Prior biologic DMARD 945 (95.6)
Prior anti- TNF agent 936 (94.6)

Etanercept 608 (61.5)
Infliximab 597 (60.4)
Adalimumab 500 (50.6)

Systemic steroids 493 (49.8)
Concomitant medications at baseline

DMARD, any 770 (77.9)
csDMARD 767 (77.6)
Methotrexate 553 (55.9)
Leflunomide 141 (14.3)
Hydroxychloroquine 133 (13.4)
Sulfasalazine 53 (5.4)
Azathioprine 40 (4.0)

Biologic DMARD 9 (0.9)
Anti- TNF agent 8 (0.8)
Systemic steroid 526 (53.2)
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occurred ≥6 months after the last rituximab infusion. One of the 
confirmed cases (reported as a fungal infection of eosinophilic 
pneumonia) did not fully meet the consensus definition nor could 
it be excluded based on available laboratory data; this case was 
judged by the expert panel as a confirmed opportunistic infection 
and included in the calculated IR.

The rate of significant infections did not increase with the num-
ber of successive rituximab courses or with time from  rituximab 
initiation (Figure  2). Rates of significant infections increased with 
patient age, body mass index (BMI), and baseline Health Assess-
ment Questionnaire disability index (HAQ DI) score; rates of sig-
nificant infections were also elevated in patients with diabetes or 
with a prior infectious event <1 year prior to baseline (Figure 3 and 
Supplementary Table 2, available on the Arthritis Care & Research 
web site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23781/
abstract).

Significant infections occurred at similar rates in patients 
who had received prior treatment with systemic steroids and 
those who had not (IR 9.03 [95% CI 7.79–10.48] versus 8.71 

[95% CI 7.48–10.13]), but rates were higher in patients who 
received concomitant long- term systemic steroids than in  
those who did not (IR 9.71 [95% CI 8.63–10.92] versus 6.43 
[95% CI 5.02–8.23]) (Figure  3 and Supplementary Table 2, 
available on the Arthritis Care & Research web site at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23781/abstract). 
The IR of significant infection events was similar in patients 
who received concomitant csDMARDs and those who did 
not (IR 8.86 [95% CI 7.93–9.90] versus 9.02 [95% CI 6.23–
13.06]). These trends held across treatment subgroups of 
patients with or without long- term systemic steroid use during 
the study and those who did or did not receive a concomi-
tant csDMARD (see Supplementary Table 3, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23781/abstract). 
Among the 340 patients who switched to another bDMARD 
following rituximab treatment, the rate of significant infections 
was not significantly higher after the switch compared with 
before the switch (IR 8.23 [95% CI 6.59–10.29] versus 7.04 
[95% CI 5.20–9.52]).

Figure 2. Incidence rates of significant infection by number of rituximab courses (A), and over time (B). IR = incidence rate; PYs = patient- 
years; 95% CI = 95% confidence interval.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23781/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23781/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23781/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23781/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23781/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23781/abstract
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SAEs. A total of 544 SAEs were observed in 294 patients 
(29.7%) during the study; 53.7% of all SAEs (292 of 544) were 
infections that were also included within the primary outcome 
of significant infections. The most frequent SAE categories 
were infections and infestations (n = 163 [16.5%]), cardiac dis-
orders (n = 46 [4.7%]), and respiratory, thoracic, and medias-
tinal disorders (n = 44 [4.4%]). The most frequently occurring 
SAEs were pneumonia (n = 53 [5.4%]), urinary tract infection 
(n = 19 [1.9%]), MI (n = 18 [1.8%]), CVA (n = 17 [1.7%]), cel-
lulitis (n = 16 [1.6%]), bronchitis (n = 14 [1.4%]), DVT (n = 12 
[1.2%]), sepsis (n = 11 [1.1%]), and PE (n = 10 [1.0%]). Four-
teen patients (1.4%) experienced an SAE that led to discontin-
uation of rituximab treatment or study termination.

CVT events. A history of cardiovascular disease was 
reported in 579  patients (58.5%), primarily hypertension 
(39.4%) and hyperlipidemia (21.8%), with a low  prevalence 
(<5%) for prior MI and CVA (Table 1). A total of 75 CVT events 
were reported in 65 patients (6.6%). The majority of CVT 
events (85.3%) were classified as SAEs. Of the CVT events 
reported, 22 were CVA (n = 21 patients [2.1%]), 22 were MI  
(n = 20 patients [2.0%]), 16 were DVT (n = 16 patients [1.6%]), 

10 were PE (n = 10 patients [1.0%]), and 5 were classified as 
other types of CVT events.

The IRs of overall and serious CVT events were 1.95 (95% CI 
1.56–2.45) and 1.66 (1.30–2.13) per 100 patient- years, respec-
tively. The overall IRs of MI, CVA, DVT, and PE were 0.57 (95% CI 
0.38–0.87), 0.57 (95% CI 0.38–0.87), 0.42 (95% CI 0.25–0.68), 
and 0.26 (95% CI 0.14–0.48) per 100 patient- years, respectively 
(Figure 4).

In patients who switched to another bDMARD following 
rituximab treatment, the rate of CVT events did not increase after 
initiation of the new bDMARD compared with the period prior to 
initiation (rate ratio 1.13 [95% CI 0.47–2.90]) (see Supplementary 
Table 4, available on the Arthritis Care & Research web site at 
http://onlinelibrary.wiley.com/doi/10.1002/acr.23781/abstract). 
The IRs of MI, CVA, DVT, and PE prior to versus after switching 
to another bDMARD were 0.67 (95% CI 0.25–1.78) versus 0.43 
(95% CI 0.16–1.14), 0.17 (95% CI 0.02–1.19) versus 0.53 (95% 
CI 0.22–1.28), 0.33 (95% CI 0.08–1.34) versus 0.32 (95% CI 
0.10–0.99), and 0.33 (95% CI 0.08–1.34) versus 0.32 (95% CI 
0.10–0.99), respectively.

IRs of CVT events increased with age, BMI, baseline HAQ DI 
score, RA duration, the number of prior DMARDs, and a history 

Figure 3. Incidence rates of significant infection by demographics, disease characteristics, rheumatoid arthritis (RA) treatment, medications, 
and comorbidities. The large diamond and solid vertical line show the incidence rate of significant infections for the entire safety- evaluable 
population (dashed lines show 95% confidence intervals [95% CIs]). BMI = body mass index; HAQ DI = Health Assessment Questionnaire 
disability index; csDMARD = conventional synthetic disease- modifying antirheumatic drug; SLE = systemic lupus erythematosus; IR = incidence 
rate; PYs = patient- years.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23781/abstract
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of cardiovascular disease, diabetes, hypertension, hyperlipidemia, 
and smoking (Figure 4 and Supplementary Table 4, available on 
the Arthritis Care & Research web site at http://onlinelibrary.wiley.
com/doi/10.1002/acr.23781/abstract). The IRs of CVA, MI, PE, 
and DVT were similar across treatment subgroups of patients with 
or without long- term systemic steroid use during the study and 
those who did or did not receive a concomitant csDMARD (see 
Supplementary Table 3, available at http://onlinelibrary.wiley.com/
doi/10.1002/acr.23781/abstract).

Seizures or altered mental status. Six patients (0.6%) 
experienced 7 seizure events or episodes of serious altered men-
tal status. Of these, 2 were considered serious (1 convulsion, 1 
delirium). None of these events occurred during rituximab admin-
istration. Of the 6 patients who experienced seizure, 5 had a his-
tory of seizure.

The IR of seizure or altered mental status was 0.18 
per 100 patient- years (95%  CI 0.09–0.38). There were no 
significant differences in this rate between treatment sub-
groups, although no seizures occurred in patients who did 
not receive  systemic  steroids long term (see Supplemen-
tary Table 3, available on  the Arthritis Care & Research web 
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23781/
abstract).

Deaths and loss to follow- up. There were 64 deaths 
(6.5%) during the 5- year follow- up. The most common causes of 
death were infection (n = 19 [1.9%]), malignancies (n = 14 [1.4%]), 
and CVD (n = 13 [1.3%]). Of the fatal infections, 7 were character-
ized as sepsis, 5 as pneumonia, 2 as both pneumonia and sepsis 
(1 patient also had congestive heart failure and CVA), and 1 each 
as peritonitis (resulting in cardiac arrest), aspergillosis, diverticulitis, 
fungal endocarditis, and hepatitis C. The time between a patient’s 
last rituximab infusion and death caused by an infection varied 
widely (median 262 days [range 38–1,687]) (see Supplementary 
Figure 1, available on the Arthritis Care & Research web site at 
http://onlinelibrary.wiley.com/doi/10.1002/acr.23781/abstract).

The crude mortality rate was 1.66 per 100 patient- years 
(95% CI 1.30–2.13). After standardization to 2010 age-  and sex- 
specific all- cause mortality rates from the US general population, 
the standardized mortality rate was 1.58 per 100 patient- years 
(95% CI 1.22–2.01).

During the study period, 22 patients were lost to follow- up. 
Upon inquiry by the researchers, 12 patients were confirmed by 
the clinical site to be alive, and 2 were reported to have died and 
were included in the total number of deaths above.

Pregnancies. Of the 809 female patients, 7 reported a 
total of 8 pregnancies during the study. Two pregnancies ended 

Figure 4. Incidence rates of cardiovascular or thrombotic (CVT) events by demographics, disease characteristics, rheumatoid arthritis (RA) 
treatment, medications, and comorbidities. The large diamond and solid vertical line show the incidence rate of CVT events for the entire 
safety- evaluable population (dashed lines show 95% confidence intervals [95% CIs]). BMI = body mass index; HAQ DI = Health Assessment 
Questionnaire disability index; IR = incidence rate; PYs = patient- years.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23781/abstract
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in spontaneous abortion (2 months) and 1 ended in elective ter-
mination (10 weeks). The remaining 5 pregnancies resulted in 
live births, with 1 premature birth. No congenital anomalies were 
reported.

Malignancies. A history of malignancy was reported in 
134 patients (13.5%) (Table 1). There were 17 incident malignan-
cies (by the treating clinician’s assessment) in 17 patients (1.7%). 
Lung cancer was the most common malignancy reported (n = 
5  patients [0.5%]), followed by breast cancer (n = 2 patients 
[0.2%]) and melanoma (n = 2  patients [0.2%]). Incident colon 
cancer, acute myeloid leukemia, pancreatic carcinoma, bladder 
cancer, adenocarcinoma, and adenoid cystic carcinoma were 
each reported in 1 patient. A new or secondary malignancy was 
diagnosed in 7 patients with a history of malignancy, including 
2  cases of recurrent melanoma and 1  of recurrent lung can-
cer. Metastatic neoplasm was reported in 2 patients without a 
specific site reported. The overall crude and the age-  and sex- 
standardized IRs of malignancies were 0.44 (95% CI 0.27–0.71) 
and 0.36 per 100 patient- years (95% CI 0.21–0.57), respectively.

Malignancy diagnoses occurred a median of 22 months after 
rituximab initiation (range 2.6–59 months) and following a median 
of 2 treatment cycles. A history of malignancy, advanced age, and 
current or prior tobacco use were more common among patients 
in whom incident malignancy was diagnosed.

DISCUSSION

This study shows long- term safety data for 989 patients with 
RA who were treated with rituximab. The study provides exten-
sive characterizations of clinically relevant infections, CVT events, 
malignancies, and other serious events in patients with RA treated 
with rituximab in real- world clinical practice settings.

SUNSTONE shows an overall IR of significant infections in 
the safety- evaluable population of 8.87 per 100 patient- years 
and an IR of more narrowly defined serious infections (infec-
tions categorized as SAEs) of 7.60 per 100 patient- years. These 
observed IRs fall between previously reported IRs of serious 
infections in patients with RA treated with rituximab. The IR of 
serious infections in SUNSTONE exceeded those reported in 
the global, pooled clinical trial population of patients treated with 
rituximab (n = 3,595) with up to 11 years of follow- up (IR 3.76 
per 100 patient- years), in patients with RA enrolled in the US- 
based Corrona registry (IR 1.6  per 100  patient- years), and in 
patients with RA treated with csDMARDs and anti- TNF agents in 
the UK- based British Society for Rheumatology Biologics Reg-
ister for Rheumatoid Arthritis (BSRBR- RA) (IR 3.2 and 4.2 per 
100 patient- years, respectively) (21,24,25). There was a greater 
IR incidence of opportunistic infections in patients in SUNSTONE 
compared with rituximab- treated patients in the BSRBR- RA 
(0.29 versus 0.15 per 100 patient- years) (26). However, the IR 
of serious infections in SUNSTONE was lower than the IR of 

hospitalized infections (identified in inpatient hospital discharge 
diagnosis data) in rituximab- treated patients in the US Medicare 
population (18.7 per 100 patient- years) (27).

Differences in patient populations may explain the differ-
ences in observed rates of significant or serious infections. 
Unlike the overall rituximab clinical trials population, SUN-
STONE required an inadequate response to ≥1 anti- TNF 
agent, a factor associated with an increased risk of infection 
in RA, and patients in SUNSTONE who switched to another 
bDMARD continued to be followed (28,29). When comparing 
patients enrolled in Corrona with those in SUNSTONE, we 
found that patients in SUNSTONE had higher disease activ-
ity (mean HAQ DI score 1.48 versus 0.65) and more frequent 
glucocorticoid use (53.2% versus 35.5%), which may increase 
the risk of infection (24). Additionally, IRs reported from long- 
term follow- up of the randomized trial population may reflect 
enrichment for the patients who do not withdraw from long- 
term extension studies due to loss of response or the develop-
ment of AEs. Importantly, the rate of significant infections did 
not increase over time or with the number of courses of rituxi-
mab, reflecting similar findings for the rate of serious infections 
in both clinical trial populations and in patients treated with 
rituximab in real- world settings (20,21,24,30).

The overall IR of CVT events in this study was consistent with 
the previously reported rate of cardiovascular events in patients 
with RA treated with rituximab in real- world settings (1.95 ver-
sus 1.6 per 100 patient- years) (24). The rates of CVA and MI in 
this study were consistent with those previously reported in the 
pooled clinical trial populations of patients treated with rituximab 
and concomitant MTX (0.57 and 0.57 versus 0.19 and 0.41 per 
100 patient- years, respectively) (20). DVT and PE in SUNSTONE 
occurred at rates consistent with those reported in a claims- 
based study of patients with RA (0.42 and 0.26 versus 0.21 and 
0.15 per 100 patient- years, respectively) (31). The standardized 
IR of malignancies (0.36 per 100 patient- years) was not elevated 
compared with the expected rate of malignancies in the back-
ground population (1.0 per 100 patient- years) or compared with 
IRs observed in rituximab clinical trial populations (0.69–0.74 per 
100 patient- years) (20,21,32).

Patients with RA are at a moderately elevated risk of malig-
nancy compared with the general population (33). However, the 
overall IR of malignancy was low in the SUNSTONE popula-
tion compared with previous registry studies (24, 34). Notably, 
both anti–TNF-  and rituximab- treated patients in the BSRBR- RA 
had a lower incidence of malignancy than patients treated with 
csDMARDs alone (34). Taken together, these data support the 
recommendation for rituximab to treat RA in patients who have 
a history of malignancy.

This study has some important limitations. Rituximab dos-
age, frequency, and duration were not mandated by the study 
protocol, and some variability was observed between patients. 
Additionally, the dosages and types of concomitant medications 
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were managed without restriction by the treating physician. 
The study did not collect longitudinal data on disease activity 
or treatment response, because open- label data are subject to 
significant selection and observational biases. Both the number 
and types of prior treatments varied widely between patients. 
Several details of interest regarding infection events were not 
captured per the protocol; these included vaccination history, 
immunoglobulin levels, bacterial cultures, and IV steroid use with 
rituximab infusion. Finally, with limited follow- up and no data link-
age to national data sources to assure full capture of all safety 
events, some anticipated events may have been underreported. 
The results reported here must be interpreted in light of the real- 
world nature of the SUNSTONE registry and these sources of 
variability.

This 5- year observational study evaluated the safety of ritux-
imab in combination with MTX for the treatment of RA among 
patients with an inadequate response to ≥1 anti- TNF agent in a 
real- world clinical practice setting. For most key AEs, IRs were 
similar to those in the historical data. However, the rates of clin-
ically significant infections in this cohort of patients refractory to 
treatment with prior exposure to biologic therapies were higher 
than those observed in other clinical trial or registry populations of 
rituximab- treated patients with RA, but lower than those reported 
in a similar cohort of the Medicare population. Rates were ele-
vated in patients receiving long- term concomitant glucocorticoids. 
Consistent with previous findings, infection rates were stable over 
time and with repeated rituximab exposure. No new safety signals 
were observed.
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Tocilizumab and the Risk of Cardiovascular Disease: 
Direct Comparison Among Biologic Disease- Modifying 
Antirheumatic Drugs for Rheumatoid Arthritis  
Patients
Fenglong Xie, Huifeng Yun, Emily B. Levitan, Paul Muntner, and Jeffrey R. Curtis

Objective. Multiple studies have shown seemingly unfavorable changes in lipid profiles associated with interleu-
kin- 6 receptor (IL- 6R) antagonists and some other therapies for rheumatoid arthritis. The aim of this study was to 
assess the real- world cardiovascular disease (CVD) risk associated with tocilizumab, the first anti–IL- 6R medication 
approved for the treatment of RA.

Methods. We conducted a cohort study using 2006–2015 Medicare and MarketScan claims for patients with RA 
in whom treatment with biologic disease- modifying antirheumatic drugs was initiated after January 1, 2010. The pri-
mary outcome was a composite of myocardial infarction, stroke, and fatal CVD, assessed using a validated method. 
The influence of potential confounding due to RA disease activity was assessed in a subgroup analysis (~5–10% of 
biologic therapy initiations) using the multi- biomarker disease activity (MBDA) score.

Results. A total of 88,463 patients with RA were included. The crude incidence rate (IR) per 1,000 patient- years for 
composite CVD events among Medicare patients ranged from 11.8 (95% confidence interval [95% CI] 9.7–14.4) for 
etanercept users to 17.3 (95% CI 15.2–19.7) for infliximab users. The crude IR for pooled users of a tumor necrosis 
factor inhibitor was 15.0 (95% CI 13.9–16.3). Compared to tocilizumab, the corresponding adjusted hazard ratios 
(HRs) were 1.01 (95% CI 0.79–1.28) for abatacept, 1.16 (95% CI 0.89–1.53) for rituximab, 1.10 (95% CI 0.80–1.51) 
for etanercept, 1.33 (95% CI 0.99–1.80) for adalimumab, and 1.61 (95% CI 1.22–2.12) for infliximab. There were no 
statistically significant differences in the risk of CVD between tocilizumab and any other biologic when MarketScan 
data were used. Results were robust in numerous subgroup analyses and after external adjustment to control for RA 
disease activity in the subgroup of patients with linked MBDA test results (n = 4,156).

Conclusion. Tocilizumab was associated with a CVD risk comparable to that for etanercept as well as a number 
of other biologics used for the treatment of RA.

INTRODUCTION

Cardiovascular disease (CVD)–related death accounts for a 
50% excess of premature mortality in patients with rheumatoid 
arthritis (RA) (1) that is not fully explained by traditional CVD risk 
factors (2). Higher RA disease activity has been shown to be 
related to an increased risk of CVD (3) and may be related to a 
variety of proinflammatory cytokines and inflammatory markers 
that may also promote atherosclerosis (4–6). Biologic disease- 
modifying antirheumatic drugs (bDMARDs) have been shown to 

reduce the levels of inflammatory markers and specific cytokines 
in RA, and tumor necrosis factor inhibitor (TNFi) therapy may 
reduce the risk of CVD events in patients with RA, but results from 
such investigations are not always consistent (7).

Tocilizumab is effective for the treatment of RA but has been 
shown to affect lipid profiles in seemingly unfavorable ways (8–11), 
which raises concern for a possibly increased risk of CVD events. 
However, only a few studies have been able to compare the risks for 
CVD events between biologics, and these studies have generally 
found no differences between RA therapies (12–14). These studies 
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(a trial and 2 observational studies) had a variety of limitations: the 
trial and 1 of the observational studies compared tocilizumab only 
to etanercept and not to other biologics; neither of the 2 observa-
tional studies included fatal CVD as an outcome (which may have 
resulted in underestimation of the incidence of true CVD- related 
events) (15,16), and all 3 studies were relatively limited in their sam-
ple size and number of events in tocilizumab- exposed patients. 
Finally, the observational studies could not address the impact of 
the potentially confounding influence of RA disease activity.

The objective of this analysis was to assess the risk of CVD 
associated with tocilizumab compared to individual TNFi thera-
pies as well as to other biologics used to treat RA (e.g., rituximab, 
abatacept). We also evaluated the potential for confounding by 
RA disease activity, using linked biomarker data that assessed RA 
disease activity. Finally, we provided additional evidence in clini-
cally important subgroups by stratifying patients with respect to 
key CVD risk factors to identify those with a higher risk of CVD and 
those with a lower risk.

PATIENTS AND METHODS

Data source and study design. We conducted a retro-
spective cohort study, using Medicare and MarketScan claims 
data for RA patients from January 1, 2006 to September 30, 
2015. Medicare is a US government–sponsored health plan pro-
vided for US residents ages 65 years or older and also covers 
younger disabled individuals and those with end- stage renal dis-
ease. MarketScan data contain claims for commercially insured 
and relatively younger individuals that aggregate information from 
a variety of health plans and employers.

Cohort eligibility.  Cohort inclusion. Eligible patients must 
have 1) initiated at least 1 bDMARD for RA (all of which are gen-
erally prescribed only by rheumatologists) on January 1, 2010 

or thereafter (when tocilizumab became available in the US); 2) 
were diagnosed with RA, as defined by 2 International Classifica-
tion of Disease, Ninth Revision, Clinical Modification (ICD- 9- CM) 
diagnosis codes for RA, separated by 7 days and within 1 year 
before initiation of treatment; 3) had at least 365 days observable 
with both medical and pharmacy coverage immediately preced-
ing initiation of bDMARDs. For Medicare beneficiaries, observa-
bility was defined by enrollment in Medicare Part A (hospital), Part 
B (outpatient), and Part D (pharmacy), but not Part C (Medicare 
Advantage, because claims for beneficiaries enrolled in Part C 
are not complete). This 365- day “baseline” period was used for 
assessing co- morbidities and confirming new use of a bDMARD.

Cohort exclusion. Patients were excluded if they 1) had ICD- 
9- CM diagnosis code(s) for other autoimmune/inflammatory dis-
eases, including inflammatory bowel disease, psoriatic arthritis, 
psoriasis, or ankylosing spondylitis, to ensure that biologics were 
used to treat RA; 2) had any ICD- 9- CM diagnosis code for past 
myocardial infarction (MI), stroke, ICD- 9 procedure code or cur-
rent procedural terminology code for percutaneous coronary in-
tervention or coronary artery bypass grafting (see Supplementa-
ry Table 1, available on the Arthritis Care & Research web site at 
http://onlin elibr ary.wiley.com/doi/10.1002/acr.23737/ abstract), 
in order to focus on risk factors for first (incident) events that 
may differ in magnitude from risk factors for second or recurrent 
events; 3) had a history of malignancy (except non- melanoma 
skin cancer), HIV infection, or organ transplantation. For the lat-
ter 2 exclusions, we used all available data preceding the start of 
follow- up (not just the 12- month baseline data) to avoid misclas-
sification of these key factors.

Biologics exposure, covariates, and outcomes. Expo-
sure to bDMARDs. Exposure was determined by prescription date 
and days of supply of drugs administered by injection (injection 
drugs) and recommended dosing intervals for drugs administered 
by infusion (infusion drugs) (30 days for abatacept and tocilizumab, 
56 days for infliximab, and 180 days for rituximab) with a 90- day 
extension for all therapies. Injection drugs were identified using 
National Drug Codes (NDCs) in Part D, and infusion drugs were 
identified using Healthcare Common Procedure Coding System 
codes in Part B. Infusion drugs (abatacept, in- office certolizumab 
tocilizumab) prior to being assigned a specific J code, were iden-
tified in Medicare using a published and validated algorithm based 
on units, unit price, diagnosis code, and infusion/injection code 
associated with use of the nonspecific J codes 3490 and 3590 
(sensitivity 94%, specificity 100%, and positive predictive value 
[PPV] 97%) (17).

Covariates. Baseline key covariates, including conventional syn-
thetic DMARDs, prescription nonsteroidal antiinflammatory drugs, 
statins, and other lipid- lowering drugs, were identified using NDC 
codes in Medicare Part D; statins were classified as low- potency, 
moderate- potency, and high- potency based on the most recent 
prescription (18). The average daily dose of glucocorticoids was cal-

SIGNIFICANCE & INNOVATIONS
• Despite seemingly unfavorable changes in lipid 

profiles associated with interleukin-6 receptor ther-
apies for rheumatoid arthritis (RA), the net effect on 
cardiovascular disease (CVD) risk is unclear 

• This observational analysis evaluated the compara-
tive CVD risk of tocilizumab referent to a variety of 
other biologic therapies for RA in 2 large real-world 
data sets. Consistent with the results of a recent, 
large clinical trial, our results showed no increased 
risk of CVD in patients treated with tocilizumab 
compared to most other biologics used to treat RA, 
including etanercept and abatacept. 

• The robustness of these findings was confirmed in 
a variety of key subgroup analyses that extended 
the generalizability of the main results and includ-
ed patients at low risk of CVD.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23737/abstract
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culated for the most recent 6- month interval and was classified as 
none, low- dose (<7.5 mg), or higher- dose (≥7.5 mg). The number of 
past bDMARDs used was assessed at baseline and using all avail-
able prior data. CVD risk factors (diabetes mellitus, hyperlipidemia, 
hypertension, obesity, chronic kidney disease, and smoking), other 
co- morbidities, health behaviors, and health care utilization were as-
sessed at baseline and were chosen based on the subject matter 
expertise of the authors. A history of CVD- related conditions includ-
ing other acute or subacute forms of ischemic heart disease, angina 
pectoris, other forms of chronic ischemic heart disease, other and 
unspecified intra cranial hemorrhage, and transient cerebral ischemia 
(see Supplementary Table 1, available on the Arthritis Care & Research 
web site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23737/  
abstract) was assessed using all data available before the initiation of 
treatments.

Outcomes. The primary outcome was a composite of inci-
dent MI, incident stroke, and fatal CVD. Incident MI was defined 
as at least 1 ICD- 9- CM diagnosis code (see Supplementary Table 
1, available on the Arthritis Care & Research web site at http://
onlin elibr ary.wiley.com/doi/10.1002/acr.23737/ abstract) for MI 
from hospital discharge and with at least 1 overnight hospital stay 
unless the patient died (PPV ≥94%) (19). Incident hemorrhagic or 
ischemic stroke was defined based on hospital discharge ICD- 
9- CM diagnosis codes (PPV ≥90%) (20) (see Supplementary 
Table 1, available on the Arthritis Care & Research web site at  
http://onlin elibr ary.wiley.com/doi/10.1002/acr.23737/ abstract). 
Fatal CVD events in Medicare beneficiaries were identified by a 
validated claims- based algorithm with a PPV of ≥0.80 (15).

Follow- up. Follow- up started at the time of initiation of each 
bDMARD and ended at the earliest of 1) end for exposure for each 
biologic plus a 90- day extension, 2) switch to other bDMARD or 
tofacitinib, 3) CVD outcome, 4) death (inclusive of fatal CVD out-
come), 5) loss of coverage, and 6) end of study (September 30, 
2015, when the US transitioned to ICD- 10 coding).

External adjustment. RA disease activity is a potential 
confounder that is typically absent in claims data. One method 
used to address the impact of a missing confounder is external 
adjustment. This method considers imbalances in the preva-
lence of the confounder between exposure groups and takes into 
account the magnitude of the confounder’s effect on the outcome. 
Using external adjustment methods as described by Schneeweiss 
(21), we examined potential confounding for RA disease activity 
using results from the multi- biomarker disease activity (MBDA) test. 
The MBDA test measures concentrations of 12 serum biomark-
ers in a multiplex format and is weighted to provide a summary 
score for RA disease activity. MBDA scores range from 1 (low) to 
100 (high), and the MBDA score has been shown to be signifi-
cantly associated with the Disease Activity Score in 28 joints (22). 
Linkage methods between the individual MBDA test results and 
person- level Medicare claims data, followed previously published 

methods (23,24). The distribution of RA disease activity according 
to the MBDA score was examined according to its established cut 
points (low <30, moderate 30–44, high >44). Prior studies have 
demonstrated that the risk of a CVD event in patients with RA is 
increased 1.5- fold in those with an MBDA score in the moderate or 
high range compared to the low range (23); thus, the MBDA score 
was dichotomized. We examined the prevalence of moderate or 
high RA disease activity in each biologic exposure group in the 
subgroup of 4,156 patients with linked MBDA test results meas-
ured within 6 months prior to bDMARD initiation and re- computed 
adjusted HRs using external adjustment methods (21).

Statistical analysis. Means and SDs were calculated for 
continuous variables, and proportions were determined for cat-
egorical variables. Incidence rates (IRs) were calculated by divid-
ing the number of events by person- years of exposure; 95% 
confidence intervals (95% CIs) were calculated using Poisson 
regression. Cox regressions were used to calculate unadjusted 
and multivariable- adjusted HRs and 95% CIs, and all models con-
trolled for demographic characteristics (age, sex), co- morbidities 
(history of CVD, heart failure, atrial fibrillation, abdominal aortic 
aneurism, peripheral arterial disease, diabetes mellitus, hyper-
lipidemia, hypertension, obesity, chronic kidney disease, chronic 
obstructive pulmonary disease, fibromyalgia, any hospitalized 
infection), health care utilization (any hospitalization, number of 
physician visits), drug use (methotrexate, nonsteroidal antiinflam-
matory drugs [NSAIDs], statin potency, other lipid- lowering drug 
use at baseline, number of biologics used prior to initiation of 
treatment, and oral steroid dose in the 6 months before initiation 
of treatment), and smoking were included in the adjusted model. 
Race, state buy- in (a proxy for low income), and reason for Medi-
care eligibility other than age (e.g., disability) were also adjusted for 
in Medicare data. Age was modeled as both a continuous variable 
and as categorical variable to allow for nonlinearity, but given little 
difference between the results, age was included only as a contin-
uous variable in the final models.

The proportional hazard assumption was assessed using the 
method described by Lin et al (25). Robust sandwich estimation 
was used to account for the clustered nature of the data, because 
1 patient could have contributed to multiple bDMARD exposure 
groups if they initiated treatment with multiple biologics over the 
study period and satisfied all eligibility criteria.

Subgroup analyses for lower- risk and higher- risk patients 
based on a history of CVD were conducted. Another subgroup 
analysis was performed that required prior exposure to at least 
1 bDMARD, given that most tocilizumab users were previously 
exposed to other bDMARDs. Finally, the 3 most commonly used 
TNFi (adalimumab, etanercept, and infliximab) were compared 
individually to tocilizumab in separate models (26).

We performed several sensitivity analyses for the fatal 
CVD outcome. By varying the threshold for defining a patient 
in whom the probability of having a fatal CVD is high, the 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23737/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23737/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23737/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23737/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23737/abstract
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claims- based algorithm for fatal CVD resulted in higher sensi-
tivity (≥0.80) or in equal sensitivity and PPV, wherein the pre-
dicted proportion of events equaled the observed proportion 
of events.

All analyses were conducted using SAS version 9.4. Use 
of the Medicare data was governed by a data use agreement 
with the Center for Medicare and Medicaid Services. The institu-
tional review board of the University of Alabama at Birmingham 
approved the study.

RESULTS

We identified 354,486 patients with RA (206,275 from Medi-
care data plus 148,211 from MarketScan data) and 463,446 ini-
tiations of bDMARDs (271,832 from Medicare data plus 191,614 
from MarketScan data) (Figure 1). After inclusion and exclusion 
criteria were applied, the final cohort comprised 88,463 patients 
with RA (46,648 when Medicare data were used and 41,815 
when MarketScan data were used) and 117,493 initiations 

(61,715 when Medicare data were used and 55,778 when Mar-
ketScan data were used), ranging from a low of 8,469 episodes 
for rituximab to 77,048 episodes for a TNFi. The mean ± SD age 
of the patients in the Medicare database was 64.7 ± 12.1 years 
and in the MarketScan database was 52.2 ± 12.3 years; 83.9% 
of patients in Medicare and 80.5% in MarketScan were women, 
and 68.6% in Medicare were non- Hispanic whites.

Tables 1 and 2 show the distribution of select demographic 
and clinical characteristics stratified by bDMARD initiation. Com-
pared to TNFi users, tocilizumab users were more likely to have 
a history of CVD, heart failure, or atrial fibrillation, were more likely 
to use glucocorticoids or be hospitalized, and had more physi-
cian visits; tocilizumab users were less likely to use methotrexate 
or be bDMARD- naive. The mean follow- up time was ~1 year for 

all exposure groups.

Medicare data. The crude IRs for the composite CVD 
outcome ranged from a low of 11.8 per 1,000 person- years 
(95% CI 9.7–14.4) for etanercept to a high of 17.3 per 1,000 

Figure 1. Flow chart showing selection of the study cohort. MI = myocardial infarction.
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person- years (95% CI 15.2–19.7) for infliximab (Table 3). The 
crude IR for tocilizumab was 12.9 (95% CI 10.7–15.7). The IR 
for a pooled TNFi exposure category (all 5 TNFi medications) 
was 15.0 (95% CI 13.9–16.3). The corresponding multivariable- 
adjusted HRs (with tocilizumab as the reference) (Figure 2) were 
1.10 (95% CI 0.80–1.51) for etanercept, 1.01 (95% CI 0.79–
1.28) for abatacept, 1.16 (95% CI 0.89–1.53) for rituximab, and 
1.61 (95% CI 1.22–2.12) for infliximab. For the 5 pooled TNFi 

therapies, the multivariable- adjusted HR was 1.27 (95% CI 
1.02–1.59) (using tocilizumab as the reference). The number of 
prior biologics used was not associated with CVD risk (data not 
shown). After we changed the reference from tocilizumab to 
abatacept, the corresponding multivariable- adjusted HRs for 
the pooled TNFi category were 1.36 (95% CI 1.12–1.65) and 
1.66 (95% CI 1.31–2.12) for infliximab and were not significant 

for all other comparisons against abatacept.

Table 3. Incidence rates (IRs) for the composite CVD outcome and its components according to bDMARDs and data source*

Outcome components, 
exposure

Medicare MarketScan

No. of events Person- years IR (95% CI) No. of events Person- years IR (95% CI)

Acute MI, stroke, fatal 
CVD†

Tocilizumab 104 8,045 12.9 (10.7–15.7) 21 4,064 5.2 (3.4–7.9)
TNF inhibitor 600 39,973 15.0 (13.9–16.3) 222 38,102 5.8 (5.1–6.6)
Adalimumab 121 8,634 14.0 (11.7–16.8) 67 12,938 5.2 (4.1–6.6)
Etanercept 102 8,623 11.8 (9.7–14.4) 75 13,553 5.5 (4.4–6.9)
Infliximab 230 13,308 17.3 (15.2–19.7) 42 5,128 8.2 (6.1–11.1)
Abatacept 199 14,561 13.7 (11.9–15.7) 67 7,686 8.7 (6.9–11.1)
Rituximab 105 6,337 16.6 (13.7–20.1) 35 3,190 11.0 (7.9–15.3)

MI
Tocilizumab 56 8,073 6.9 (5.3–9.0) 8 4,068 2.0 (1.0–3.9)
TNF inhibitor 308 40,113 7.7 (6.9–8.6) 109 38,173 2.9 (2.4–3.4)
Adalimumab 62 8,660 7.2 (5.6–9.2) 34 12,956 2.6 (1.9–3.7)
Etanercept 55 8,643 6.4 (4.9–8.3) 35 13,584 2.6 (1.8–3.6)
Infliximab 124 13,369 9.3 (7.8–11.1) 20 5,139 3.9 (2.5–6.0)
Abatacept 107 14,613 7.3 (6.1–8.8) 39 7,702 5.1 (3.7–6.9)
Rituximab 52 8,643 8.2 (6.2–10.7) 23 3,200 7.2 (4.8–10.8)

Stroke
Tocilizumab 50 8,083 6.2 (4.7–8.2) 15 4,071 3.7 (2.2–6.1)
TNF inhibitor 275 40,173 6.8 (6.1–7.7) 118 3,8168 3.1 (2.6–3.7)
Adalimumab 52 8,683 6.0 (4.6–7.9) 35 12,955 2.7 (1.9–3.8)
Etanercept 46 8,652 5.3 (4.0–7.1) 41 13,572 3.0 (2.2–4.1)
Infliximab 102 13,396 7.6 (6.3–9.2) 22 13,572 3.0 (2.2–4.1)
Abatacept 94 14,644 6.4 (5.2–7.9) 28 7,711 3.6 (2.5–5.3)
Rituximab

Fatal CVD
Tocilizumab 15 8,112 1.8 (1.1–3.1) 1 4,076 0.2 (0.0–1.7)
TNF inhibitor 113 40,317 2.8 (2.3–3.4) 14 38,240 0.4 (0.2–0.6)
Adalimumab 30 8,710 3.4 (2.4–4.9) 1 12,975 0.1 (0.0–0.5)
Etanercept 16 8,673 1.8 (1.1–3.0) 3 13,604 0.2 (0.1–0.7)
Infliximab 37 13,458 2.7 (2.0–3.8) 7 5,156 1.4 (0.6–2.8)
Abatacept 32 14,696 2.2 (1.5–3.1) 5 7,729 0.6 (0.3–1.6)
Rituximab 23 6,406 3.6 (2.4–5.4) 2 3,219 0.6 (0.2–2.5)

* bDMARDs = biologic disease- modifying antirheumatic drugs; 95% CI = 95% confidence interval; MI = myocardial infarction; TNF = tumor 
necrosis factor. 
† Fatal cardiovascular disease (CVD) was identified by a published algorithm, with cut points of 0.54 for the predicted proportion closest to 
observed proportion. Only in- hospital death dates were available in MarketScan data. 
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Trends were similar when looking at individual events that 
comprised the composite CVD outcome. Etanercept had the 
lowest and infliximab had the highest IRs for both MI and stroke. 
(Table 3). Etanercept and tocilizumab had the lowest IR for fatal 
CVD, and rituximab had the highest IR for fatal CVD. The HRs for 
MI and stroke are shown in Supplementary Figure 1 (available on 
the Arthritis Care & Research web site at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.23737/ abstract). Fatal CVD accounted 
for 6–35% of composite CVD events in Medicare- enrolled RA 
patients, depending on the sensitivity of the chosen algorithm for 
fatal CVD. Among all patients who died (CVD- related or not), 44% 
died in the hospital.

Subgroup analysis showed that compared to RA patients 
without a history of CVD (Table 4), those with a history of CVD 
had a much higher risk of composite CVD events (Table 4). The 
multivariable- adjusted HRs for each bDMARD in RA patients with 
a history of CVD (Figure 3) or without a history of CVD (Figure 3) 
were numerically similar to multivariable- adjusted HRs for the 

whole cohort but with wider 95% CIs.
Results of the subgroup analysis restricted to RA patients who 

had prior exposure to bDMARDs (44.4% of the overall cohort) are 
shown in Supplementary Table 2 (available on the Arthritis Care & 
Research web site at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.23737/ abstract). Tocilizumab users had the lowest crude IR 
for composite CVD events (12.3 events per 1,000 person- years), 
and infliximab users had the highest crude IR for composite CVD 

events (18.1 events per 1,000 person- years). Crude IRs for aba-
tacept, etanercept, adalimumab, rituximab, and pooled TNFi fell 
between the IRs for tocilizumab and infliximab. The corresponding 
multivariable- adjusted HRs are shown in Supplementary Figure 
2 (available on the Arthritis Care & Research web site at http:// 
onlin elibr ary.wiley.com/doi/10.1002/acr.23737/ abstract).

Results from the analysis using the more- sensitive algo-
rithm and the equal- sensitivity algorithm and PPV to identify 
fatal CVD are shown in Supplementary Table 3 and Supple-
mentary Figure 3 (available on the Arthritis Care & Research 
web site at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.23737/ abstract). The multivariable- adjusted HRs for 
each bDMARD were numerically similar to the corresponding 
multivariable- adjusted HRs observed when the primary algo-
rithm was used. As expected based on the greater number of 
events, the multivariable- adjusted HRs for analysis with the 
more- sensitive algorithm had more narrow 95% CIs.

MarketScan data. The crude IRs from MarketScan data 
were ~50% lower than the corresponding IRs from Medicare 
data, and RA patients in the MarketScan database were more 
than 10 years younger than those in the Medicare database. The 
IRs ranged from 5.2 for composite CVD outcomes per 1,000 
person- years (95% CI 4.1–6.6) to 11.0 (95% CI 7.92–15.3) for 
composite CVD outcomes per 1,000 person- years (Table  3), 
from 2.0 (95 CI 1.0–3.9) to 7.2 (95% CI 4.8–10.8) for MI, and 

Figure 2. Forest plot of adjusted hazard ratios (HRs) for the primary outcome, according to the data source. The primary outcome including 
myocardial infarction (MI), stroke, and fatal cardiovascular disease (CVD) was identified with algorithm, with cut points for positive predictive 
value of ≥0.80. IR = incidence rate; 95% CI = 95% confidence interval; pooled tumor necrosis factor inhibitors (TNFi) included adalimumab, 
certolizumab, etanercept, golimumab, and infliximab. HRs were adjusted for history of CVD (excluding acute MI, former MI, stroke), age, sex, 
heart failure, atrial fibrillation, abdominal aortic aneurism, peripheral arterial disease, diabetes mellitus, hyperlipidemia, hypertension, obesity, 
chronic kidney disease, chronic obstructive pulmonary disease, fibromyalgia, any hospitalized infection, any hospitalization, number of physician 
visits, methotrexate, nonsteroidal antiinflammatory drugs, statin potency, other lipid- lowering drug use at baseline, number of biologics used 
prior to initiation, oral steroid dose in the 6 months before initiation, smoking, race, and state buy- in (low income). For Medicare data, HRs were 
adjusted for race, state buy- in (low income), and reason other than age for Medicare eligibility. Color figure can be viewed in the online issue, 
which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.23737/abstract.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23737/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23737/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23737/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23737/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23737/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23737/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23737/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23737/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23737/abstract
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from 2.7 (95% CI 1.9–3.8) to 3.7 (95% CI 2.2–6.1) for stroke. 
The adjusted HRs from MarketScan data were generally similar 
to the corresponding HRs from Medicare data but with much 
wider 95% CIs. However, in analysis of the MI outcome in the 
MarketScan data, results for the comparison between tocili-
zumab and either abatacept or rituximab favored tocilizumab 
(see Supplementary Figure 1,  available on the Arthritis Care & 
Research web site at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.23737/ abstract).

Assessment of confounding by RA disease activ-
ity as assessed by multi- biomarker disease activity. 
Results from the MBDA laboratory tests linked to Medicare data 
(n = 4,156 linked MBDA test results) are shown in Supplemen-
tary Table 4 (available on the Arthritis Care & Research web 
site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23737/ 
 abstract). The highest proportion of patients in the high dis-
ease activity categories was found in rituximab and tocilizumab 
users; TNFi users were more likely to be in lower disease activ-
ity categories. The computed true HR for composite CVD 
events comparing etanercept to tocilizumab was minimally  
different (HR 1.11) after adjusting for RA disease activity  
measured by the MBDA test and categorized as moderate  

or high disease activity, referent to low disease activity/ 
remission.

DISCUSSION

In this cohort study of patients with RA in whom bDMARD 
treatment was initiated, we observed comparable risks for com-
posite CVD events associated with tocilizumab versus most other 
biologic therapies, irrespective of a patient’s history of CVD risk 
factors. Among the 3 most- used TNFi, etanercept was associ-
ated with the lowest risk, and infliximab was associated with the 
highest risk of CVD events. Compared to tocilizumab, infliximab 
was the only biologic used to treat RA that was associated with a 
significantly higher risk of CVD. Similar to the risk associated with 
tocilizumab, the risk of CVD associated with abatacept was lower 
than that for infliximab.

The results of several randomized clinical trials showed 
increased low- density lipoprotein cholesterol levels in 
tocilizumab- treated RA patients, of a magnitude greater than 
the increase seen in RA patients treated with other conventional 
DMARDs or bDMARDs (9–11). Although these observations ini-
tially raised concern that tocilizumab may be associated with 
an increased risk of CVD events, this concern was not borne 

Table 4. Incidence rates (IRs) for composite CVD events by history of other CVD and bDMARDs, according to data source*

History of other CVD, 
exposure

Medicare MarketScan

No. of events
Person- 

years IR (95% CI)
No. of 
events

Person- 
years IR (95% CI)

No history of other 
CVD†

Tocilizumab 71 6,377 11.1 (8.8–14.0) 18 3,745 4.8 (3.0–7.6)
Pooled TNFi 415 32.323 12.8 (11.7–14.1) 171 35,458 4.8 (4.2–5.6)
Adalimumab 79 7.161 11.0 (8.8–13.8) 52 12,107 4.3 (3.3–5.6)
Etanercept 76 6.988 10.9 (8.7–13.6) 60 12,741 4.7 (3.7–6.1)
Infliximab 155 10.737 14.4 (12.3–16.9) 32 4,647 6.9 (4.9–9.7)
Abatacept 131 11,421 11.5 (9.7–13.6) 46 7,025 6.5 (4.9–8.7)
Rituximab 70 4,895 14.3 (11.3–18.1) 25 2,870 8.7 (5.9–12.9)

History of other 
CVD‡

Tocilizumab 33 1,668 19.8 (14.1–27.8) 3 319 9.4 (3.0–29.1)
Pooled TNFi 185 7,650 24.2 (20.9–27.9) 51 2,644 19.3 (14.7–25.4)
Adalimumab 42 1,473 28.5 (21.1–38.6) 15 830 18.1 (10.9–30.0)
Etanercept 26 1,635 15.9 (10.8–23.4) 15 812 18.5 (11.1–30.6)
Infliximab 75 2,571 29.2 (23.3–36.6) 10 482 20.8 (11.2–38.6)
Abatacept 68 3,140 21.7 (17.1–27.5) 21 661 31.8 (20.7–48.7)
Rituximab 35 1,442 24.3 (17.4–33.8) 10 320 31.2 (16.8–58.1)

* bDMARDs = biologic disease- modifying antirheumatic drugs; 95% CI = 95% confidence interval; TNFi = tumor necrosis 
factor inhibitor. 
† No history of other cardiovascular diseases (CVDs) included incident myocardial infarction and incident stroke. 
‡ History of other CVD included other acute and subacute forms of ischemic heart disease (International Classification of 
Diseases, Ninth Revision [ICD- 9] code 411), angina pectoris (ICD- 9 code 413), other forms of chronic ischemic heart disease 
(ICD- 9 code 414), other and unspecified intracranial hemorrhage (ICD- 9 code 432), or transient cerebral ischemia (ICD- 9 
code 435) prior to initiation. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23737/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23737/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23737/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23737/abstract
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out by our analysis, and it was not reinforced based on results 
from the randomized trial in RA patients comparing the risk of 
major adverse cardiovascular events (MI, stroke, CVD- related 
death) associated with tocilizumab to that associated with etan-
ercept among RA patients with CVD risk factors. The IR 16.9 
per 1,000 person-years (12) (83 CVD outcomes occurred in 
4,900 person years) in tocilizumab users fell between our IRs 
for patients without a history of CVD (IR 11.9) and those with a 
history of CVD (IR 21.6). This might be expected given that the 
randomized trial’s inclusion of patients with a high risk of CVD 
was broader and included CVD risk factors that were weaker 
than those we allowed. The nonsignificant HR of 1.05 (95% CI 
0.77–1.43; tocilizumab versus etanercept) for composite CVD 
is comparable to our corresponding HR of 0.91 (1:1.10 ratio, 
tocilizumab versus etanercept).

In an observational study using 3 data sources (including 
Medicare), accounting for 54% of all events, tocilizumab was 

compared to TNFi for the risk for MI, stroke, and all- cause mor-
tality (13). Tocilizumab was associated with a numerically but 
not significantly lower risk for all outcomes studied except heart 
failure. These results were based on 32 events for the compos-
ite outcome in tocilizumab- exposed patients. In our study, 125 
CVD events were observed in the tocilizumab- exposed group, 
providing additional evidence for the finding of no increased risk 
with tocilizumab. Additionally, we found evidence for a small and 
significant benefit of tocilizumab in CVD and perhaps abatacept, 
referent to infliximab.

Our study has several strengths. As part of a composite out-
come, we included fatal CVD, which was identified using a vali-
dated claims- based algorithm (15). Not including fatal CVD events 
may underestimate the IR for CVD and may result in a biased 
estimate. Indeed, in our study, more than half of all fatal events 
would have been missed in the Medicare data if only inpatient 
deaths were included. We used a validated algorithm to identify 

Figure 3. Forest plot of adjusted hazard ratios (HRs) for the primary outcome by history of other cardiovascular disease (CVD) and data source. 
Pooled tumor necrosis factor inhibitors (TNFi) included adalimumab, certolizumab, etanercept, golimumab, and infliximab. The primary outcome, 
myocardial infarction, stroke, and fatal CVD, was identified with an algorithm, with cut points for a positive predictive value of ≥0.80. The HR 
was adjusted for age, sex, heart failure, atrial fibrillation, abdominal aortic aneurism, peripheral arterial disease, diabetes mellitus, hyperlipidemia, 
hypertension, obesity, chronic kidney disease, chronic obstructive pulmonary disease, fibromyalgia, any hospitalized infection, any hospitalization, 
number of physician visits, methotrexate, nonsteroidal antiinflammatory drugs, statin potency, use of other lipid- lowering drug at baseline, number 
of biologics used prior to initiation, oral steroid dose in the 6 months before initiation, and smoking. For Medicare data, HRs were adjusted for 
race, state buy- in (low income), and reason other than age for Medicare eligibility. IR = incidence rate; 95% CI = 95% confidence interval. Color 
figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.23737/abstract.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23737/abstract
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infusion drugs represented with nonspecific J codes 3490 and 
3590 before a specific J code was available. Failure to identify 
these infusion drugs will reduce the sample size and, more impor-
tantly, will misclassify some patients who are not new users as 
new users and will also misclassify the date of drug initiation. Our 
large sample size made it possible to assess CVD risk in sub-
groups of patients with or without a history of CVD and to estimate 
IRs and HRs with high precision and to compare tocilizumab to 
individual TNFi. Given some differences in the observed CVD risk 
between TNFi therapies, we would suggest avoiding pooling of all 
TNFi if each TNFi can be compared separately.

Recognizing the potential for residual confounding due 
to unmeasured factors such as RA disease activity, we used a 
laboratory measure of RA disease activity, the MBDA, to assess 
the distribution of disease activity. Although a slightly higher pro-
portion of tocilizumab users had high disease activity at baseline 
compared to TNFi users, these differences were small, and after 
applying external adjustment methods, the re- computed HR for 
the composite CVD events comparing etanercept to tocilizumab 
(to allow for comparability with a recent randomized controlled trial) 
(27) was minimally different from the main result without external 
adjustment. At least in part, this approach addresses concerns 
that RA disease activity, previously shown to be associated with 
CVD risk (27), might confound the associations that we observed. 
We also note that other CVD risk factors (e.g., comorbidities, glu-
cocorticoid use, more- refractory disease proxied by more past 
biologic use, use of monotherapy without methotrexate) were as 
prevalent or more prevalent in the non- TNFi users. Thus, residual 
confounding related to these factors would, if anything, favor TNFi 
and bias against tocilizumab and abatacept.

Our study has some limitations common to other studies 
using administrative data. Claims data have only prescription- 
filling information, and patients filling a prescription may not 
necessarily take the medication; thus, we may have misclassi-
fied exposure. This is not a problem when studying intravenous 
therapies, however, which represent most of the tocilizumab, 
abatacept, and infliximab exposure in this data set. Also, the 
number of outcomes in MarketScan data was relatively small, 
and thus the estimates in that data source may not be as stable 
as those in Medicare data. MBDA scores measured at the time 
of biologic therapy initiation were available for 4,156 patients, 
but this reflected only ~5–10% of biologic therapy initiations. 
Also, the subcohort with MBDA scores does not represent a 
random sample of the entire cohort, in that the characteristics 
of patients tested with the MBDA may be dissimilar to those 
of patients who were not tested. Although the reason for test-
ing could relate to the MBDA score, it seems difficult to posit 
a strong reason that this circumstance would differ based on 
biologic exposure. Some risk factors (e.g., obesity, smoking) 
are not well- captured in claims data, which might have resulted 
in some residual confounding, although we note that these 
factors would also have to be meaningfully and differentially 

imbalanced across biologic exposures in order for them to be 
confounders, which seems unlikely.

We also recognize some potential limitations in terms of 
generalizability. Although the US Medicare program covers 
most (>90%) of all persons older than age 65 years (28) and 
also includes disabled individuals, MarketScan typically includes 
younger and commercially insured persons and may not include 
uninsured or unemployed patients. Finally, CVD events were not 
individually adjudicated, although we relied on claims- based 
algorithms that have PPVs of >80% to 90%, and there is little 
reason to expect that performance of these would differ accord-
ing to exposure to specific biologics.

In conclusion, the results of our observational study confirmed 
the results from a large randomized trial in which it was found that 
tocilizumab was not associated with increased or reduced CVD risk 
compared to etanercept. We extended those findings and included 
RA patients with a low risk of CVD and also compared the risk asso-
ciated with tocilizumab compared with that associated with other 
biologics and found that the CVD risk in abatacept users appeared 
similarly low as that in tocilizumab users. We further showed that 
tocilizumab was associated with a reduced risk of CVD when com-
pared to pooled TNFi exposure, mostly attributable to the small but 
significantly increased CVD risk associated with infliximab.
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Factors Associated With Preterm Delivery Among Women 
With Rheumatoid Arthritis and Women With Juvenile 
Idiopathic Arthritis
Chelsey J. F. Smith,1 Frauke Förger,2 Gretchen Bandoli,3 and Christina D. Chambers3

Objective. Pregnant women with inflammatory arthritis may be at increased risk for preterm delivery (PTD), yet it 
is unclear what drives this risk. This aim of this prospective cohort study of pregnant women with rheumatoid arthri-
tis (RA), juvenile idiopathic arthritis (JIA), or healthier comparison women was to analyze the independent effects of 
maternal disease activity, medication use, and comorbid pregnancy conditions on PTD risk.

Methods. Women were enrolled before 19 weeks completed gestation as part of the Organization of Teratology 
Information Specialists (OTIS) Autoimmune Disease in Pregnancy Project. Data on pregnancy events, medications, 
disease activity, and outcomes were obtained by maternal report and validated by medical records. Poisson regres-
sion with robust standard errors estimated risk ratios (RR), multivariable adjusted risk ratios (ARRs), and 95% confi-
dence intervals (95% CIs).

Results. A total of 657 women with RA, 170 with JIA, and 564 comparison women without autoimmune disease 
who delivered live born infants, from 2004 to 2017 were included for analysis. Both the RA and JIA groups had an 
increased risk of PTD versus the comparison group (RR 2.09 [95% CI 1.50–2.91] and RR 1.81 [95% CI 1.14–2.89], 
respectively). Active RA at enrollment (ARR 1.58 [95% CI 1.10–2.27]) and any time during pregnancy (ARR 1.52 [95% 
CI 1.06–2.18]) was associated with PTD. Corticosteroid use in every trimester was associated with an approximate 
2-  to 5- fold increased risk for PTD for both arthritis groups, independent of disease activity.

Conclusion. Women with RA and women with JIA are at increased risk for PTD. Maternal disease activity and 
corticosteroid use may contribute to some of this excess risk.

INTRODUCTION

Chronic forms of inflammatory arthritis may be associated 
with adverse pregnancy outcomes, such as preterm delivery 
(PTD). This higher risk of PTD has been demonstrated for preg-
nant women with rheumatoid arthritis (RA) in both prospective 
and retrospective analyses (1–4). Few, however, have analyzed 
the contribution of disease activity and medication use on PTD 
in women with RA. A study by Langen et al (3) showed no asso-
ciation between active disease and PTD in 46 pregnancies of 
women with RA, but did demonstrate that medication discontin-
uation conferred higher odds of earlier gestational age at delivery 

(3). A 2015 cohort analysis from our group found that disease 
activity in early pregnancy did predict PTD, although medica-
tion use was not considered (4). The Dutch Pregnancy- Induced 
Amelioration of Rheumatoid Arthritis study from 2009 showed 
that the effect of prednisone on lower birth weight was mediated 
through a lower gestational age at delivery, but this study did not 
analyze risk factors for PTD specifically (5). Similarly, only a few 
studies have examined birth outcomes dedicated to the juvenile 
idiopathic arthritis (JIA) population. Retrospective and prospec-
tive cohort analyses have shown an increased risk of PTD, but 
none have been able to adjust for medication use or disease 
activity (6–9).
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The purpose of this study was to assess the risk of preg-
nancy complications in women with RA and women with JIA in 
comparison to a healthier cohort, and to examine the indepen-
dent effects of these pregnancy complications, medications, and 
disease activity on the risk for PTD in women with inflammatory 
arthritis.

MATERIALS AND METHODS

Source of the sample. Data for this analysis were 
obtained from the Organization of Teratology Information Spe-
cialists (OTIS) Autoimmune Disease in Pregnancy Project, a pro-
spective cohort study of pregnancy outcomes among women in 
the US and Canada. Participants were recruited from pregnant 
callers who had initiated contact with an OTIS service as well as 
from direct marketing to consumers through social media and 
the OTIS MotherToBaby study website (https://mothertobaby.
org). Participants were also recruited through direct marketing 
to health care professionals and specialists through mail, profes-
sional meetings, and the web site. Women were eligible for the 
cohort study if they enrolled prior to 19 weeks completed gesta-
tion and had not enrolled in this study with a previous pregnancy. 
Pregnant women who enrolled in the study between 2004 and 
2017 and had delivered at least 1 live born infant were eligible for 
the analysis. The study sample was further limited to those par-
ticipants for whom the gestational age at delivery was recorded. 
The protocol was approved by the institutional review board 
at the University of California, San Diego. Women in the study 
provided oral consent for interview data and written consent for 
release of medical records.

Study design and data collection. Women who con-
sented to participate were interviewed by telephone 2–3 times 
during pregnancy using a standard questionnaire about their per-
sonal medical history, prescription and nonprescription medica-
tion exposures during pregnancy, history of previous pregnancies, 
family medical history, pre- pregnancy body mass index (BMI), and 
socioeconomic and demographic characteristics of themselves 
and their partners. Medication exposure history included start 
and stop dates of each prescription and over- the- counter medi-
cation, as well as indications, dose changes and frequencies, use 

of  caffeine, use of dietary supplements, occupational exposures, 
infections, prenatal testing or other medical procedures, and use 
of recreational drugs, tobacco, and alcohol.

Birth outcomes were obtained using a standard interview 
form completed by telephone shortly after delivery. Women were 
asked information regarding exposure during pregnancy, gesta-
tional age at delivery, mode of delivery, and any pregnancy com-
plications. Medical records from the prenatal care provider, deliv-
ery hospital, any specialty providers who managed the woman’s 
care in pregnancy, and the pediatrician were collected. Data 
were abstracted for additional exposure and outcome informa-
tion, including validation of maternal self- report of autoimmune 
disease diagnosis. If a discrepancy existed between informa-
tion in the medical record and the maternal report, the medical 
record data was used in the analysis.

Classification of exposure groups. The inflamma-
tory arthritides considered in the analysis included RA and JIA. 
Maternal reports that were validated by medical records were 
used to classify maternal autoimmune disease. Women who 
were enrolled in the study met criteria for inclusion in this analy-
sis, and those who had no history of any of the previously men-
tioned autoimmune diseases or any other chronic disease were 
selected as a comparison cohort.

Medication treatments for autoimmune diseases were 
grouped by class and defined as treatment at any dose for any 
length of time in pregnancy. The specific classes of medications 
considered included disease- modifying antirheumatic drugs 
(DMARDs), non- DMARD biologic medications, oral corticoste-
roids, and nonsteroidal antiinflammatory drugs (NSAIDs).

Disease activity for RA and JIA subjects was documented at 
intake and at 32 weeks’ gestation using patient- reported assess-
ments, including the Health Assessment Questionnaire (HAQ) on 
a scale from 0 to 3, as well as pain score and patient global dis-
ease activity assessment on a scale from 0 to 100. These 3 mark-
ers of disease activity were used to calculate the Patient Activity 
Scale (PAS) score, with resulting values ranging from 0 to 10. 
High disease activity was defined as a PAS score >3.70 and low 
disease activity as ≤3.70, based on standard interpretation (10).

Covariates and outcomes. Baseline covariates consid-
ered in the analysis included maternal age in years at the esti-
mated due date, parity and gravidity at the time of conception, 
pre- pregnancy BMI, maternal race, socioeconomic status (SES) 
as defined by Hollingshead categories, tobacco and alcohol use, 
prior adverse pregnancy outcome (such as PTD, preeclampsia, or 
intrauterine growth restriction), comorbid conditions (such as thy-
roid dysfunction, diabetes mellitus types 1 and 2, or hypertension), 
and the presence of other autoimmune diseases (such as psori-
asis, inflammatory bowel disease, lupus, Sjögren’s syndrome, 
undifferentiated connective tissue disease, and antiphospholipid 
syndrome) (11). Pregnancy events considered as covariates in the 

SIGNIFICANCE & INNOVATIONS
• Women with rheumatoid arthritis (RA) or juvenile 

idiopathic arthritis (JIA) have an increased risk for 
preterm delivery (PTD).

• Active disease in RA may be associated with an in-
creased risk for PTD.

• Corticosteroid use in any trimester may increase 
the risk for PTD in both RA and JIA, independent of 
disease activity.

https://mothertobaby.org
https://mothertobaby.org


PRETERM DELIVERY FACTORS IN RA AND JIA |      1021

analysis included preeclampsia, pregnancy- induced hyperten-
sion (PIH), placenta previa and/or placental abruption, gestational 
diabetes mellitus (GDM), and fever any time during pregnancy. 

Fever during pregnancy was defined to include any documented 
fever over the course of the pregnancy, and preterm labor was 
defined as the onset of labor prior to 37 weeks gestation. PTD as 

Table 1. Maternal characteristics and exposures among women with RA and women with JIA compared to those without inflammatory 
arthritis in the OTIS cohort, 2004–2017 (n = 1,391)*

Comparison RA JIA

(n = 564) (n = 657) P† (n = 170) P†

Maternal age at estimated due date, mean 
± SD years

32.09 ± 4.7 33.14 ± 4.67 <0.001‡ 30.55 ± 0.39 <0.001‡

Pre- pregnancy BMI, mean ± SD kg/m2§ 24.12 ± 5.4 25.51 ± 6.15 <0.001‡ 24.06 ± 5.58 0.907
Race¶

White 430 (87.2) 508 (87.0) 0.266 145 (94.2) 0.028‡
African American 23 (4.7) 23 (3.9) 3 (1.9)
Asian/Pacific Islander 30 (6.1) 28 (4.8) 2 (1.3)
Native American 3 (0.6) 11 (1.9) 3 (1.9)
Other 7 (1.4) 14 (2.4) 1 (0.6)

SES, high score (1–3)# 505 (90.7) 585 (91.8) 0.779 150 (90.4) 0.631
Obstetric history

Primigravid 222 (39.4) 202 (30.7) 0.002‡ 81 (47.6) 0.054
Parity

1 175 (31.0) 238 (36.2) 0.056 49 (28.8) 0.584
≥2 100 (17.7) 124 (18.9) 0.607 18 (10.6) 0.026‡

Prior SAB
1–2 131 (23.2) 181 (27.5) 0.084 34 (20.0) 0.377
≥3 6 (1.1) 19 (2.9) 0.025‡ 6 (3.5) 0.037‡

Prior TAB, ≥1 44 (7.8) 78 (11.9) 0.018‡ 6 (3.5) 0.053
Prior preterm delivery 44 (7.8) 60 (9.1) 0.406 20 (11.8) 0.108
Prior preeclampsia 18 (3.2) 24 (3.7) 0.659 9 (5.3) 0.202
Prior IUGR 12 (2.1) 15 (2.3) 0.854 4 (2.4) 0.772

Comorbid pregestational conditions
Thyroid dysfunction 49 (8.7) 114 (17.4) <0.001‡ 13 (7.6) 0.669
Diabetes mellitus (type 1 and 2) 0 (0.0) 12 (1.8) 0.001‡ 0 (0.0) –
Hypertension 10 (1.8) 45 (6.8) <0.001‡ 21 (12.4) <0.001‡
Tobacco use, any in pregnancy 10 (1.8) 40 (6.1) <0.001‡ 13 (7.6) <0.001‡
Alcohol use, any in pregnancy 263 (46.6) 326 (49.6) 0.298 77 (45.3) 0.759

Other autoimmune diseases
Psoriasis NA 23 (3.5) 11 (6.5)
Inflammatory bowel disease NA 18 (2.7) 11 (6.5)
Lupus NA 19 (2.9) 4 (2.4)
Sjögren’s syndrome or UCTD NA 25 (3.8) 3 (1.8)
Antiphospholipid syndrome NA 6 (0.9) 1 (0.6)

Disease characteristics
Duration of arthritis, years, mean ± SD NA 6.34 ± 4.67 20.32 ± 7.32

Disease activity measures at enrollment
HAQ, mean ± SD NA 0.55 ± 0.62 0.51 ± 0.53
Pain, mean ± SD NA 29.29 ± 27.85 29.90 ± 26.69
Patient global assessment, mean ± SD NA 26.08 ± 26.66 25.92 ± 22.92
PAS, mean ± SD NA 2.45 ± 2.31 2.43 ± 2.00

(continued)
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an  outcome was defined as delivery at less than 37 completed 
weeks’ gestation regardless of mode of delivery or indication, very 
preterm was defined as delivery at less than 32 weeks completed 
gestation, and early term was defined as delivery at less than 39 
weeks and at least 37 weeks completed gestation. Pregnancy 
with multiples was defined as twins or higher order multiples with 
more than 1 fetus identified during prenatal care, regardless of 
whether all fetuses resulted in live births.

Statistical analyses. Maternal and obstetric character-
istics were compared among those with inflammatory arthritis 
to those in the healthier comparison group using 2- tailed uni-
variate comparisons with Student’s t- test for continuous vari-
ables and Fisher’s exact test or chi- square tests for categorical 
variables, depending on the cell size. Poisson regression with 
robust standard errors was utilized to calculate unadjusted risk 
ratios (RR) and 95% confidence intervals (95% CIs) for obstetric 
outcomes and pregnancy complications among women with RA 
and women with JIA versus women in the comparison group.

To determine the effect of disease activity and medication 
use on the risk of PTD, Poisson regression with robust stan-
dard errors was conducted. Active disease was defined as a 
PAS score >3.70, as compared to inactive disease, which was 
defined as a PAS score ≤3.70. Multivariable adjustment was 
made for pertinent maternal factors, including age, race, SES, 
tobacco use, parity, preexisting medical condition and history of 
adverse pregnancy outcome, as well as corticosteroid use in the 
first trimester. The effect of biologic, DMARD, NSAID, and corti-
costeroid use during each trimester on PTD was then calculated 
for both RA and JIA. Multivariable adjustment was made for the 
aforementioned maternal factors as well as for maternal disease 
activity, defined by PAS score at intake.

Finally, Poisson regression analysis was performed for all 
3 groups to compare and contrast the independent effects 

of pregnancy complications traditionally associated with PTD. 
These covariates included preeclampsia, placental complica-
tions, GDM, and maternal fever. Multivariable adjustment was 
made for maternal factors as well as all other variables in the 
models. Additionally, in the RA and JIA groups, further adjust-
ment for corticosteroid use in the first trimester and PAS score 
at intake was included.

A P value of 0.05 was considered statistically significant for 
all analyses. All analyses were conducted using SPSS statistical 
software, version 23.0.

RESULTS

After exclusion of 2 stillbirth cases and 4 cases without infor-
mation on gestational age at delivery, a total of 1,391 women 
were eligible for analysis, including 657 in the RA group, 170 in 
the JIA group, and 564 in the comparison group. Baseline char-
acteristics of the 3 groups are outlined in Table 1. Subjects were 
predominantly white with a higher SES score (defined as Holling-
shead score between 1 and 3 on a scale of 1 to 5). The mean 
maternal age at estimated due date was significantly higher in the 
RA group and lower in the JIA group than the comparison group. 
The RA and JIA groups had significantly more women with a his-
tory of at least 3 prior spontaneous abortions versus comparison 
women, and significantly fewer patients with RA were first- time 
mothers than in the comparison group. Women in both arthritis 
groups reported significantly more tobacco use as well as history 
of pregestational hypertension compared to the healthier group of 
women (Table 1).

In univariate analyses, mothers with RA and JIA each had a 
significantly higher risk of preterm labor, early term delivery, mod-
erate PTD, and caesarian section versus comparison women. 
Women with RA additionally had a significantly higher risk of very 
PTD before 32 weeks’ gestation and GDM, and women with JIA 

Comparison RA JIA

(n = 564) (n = 657) P† (n = 170) P†

Medication use any time during pregnancy
Biologic agents NA 470 (71.5) 130 (76.5)
DMARDs NA 263 (40.0) 45 (26.5)
NSAIDs NA 183 (27.9) 54 (31.8)
Corticosteroids NA 351 (53.4) 93 (54.7)

* Values are the number (%) unless indicated otherwise. RA = rheumatoid arthritis; JIA = juvenile idiopathic arthritis; OTIS = Organization of 
Teratology Information Specialists; BMI = body mass index; SAB = spontaneous abortion; TAB = therapeutic abortion; IUGR = intrauterine 
growth restriction; NA = not applicable; UCTD = undifferentiated connective tissue disease; HAQ = Health Assessment Questionnaire; PAS = 
Patient Activity Scale; DMARDs = disease- modifying antirheumatic drugs; NSAIDs = nonsteroidal antiinflammatory drugs. 
† P values calculated by t- test for continuous variables and by chi- square test for categorical variables; Fisher’s exact test used for cells with 
expected count <5. 
‡ Significant. 
§ Data missing; 2 controls, 3 RA, and 1 JIA. 
¶ Data missing; 71 controls, 73 RA, and 16 JIA. 
# Socioeconomic status (SES) defined by Hollingshead categories. Data missing; 7 controls, 20 RA, 4 JIA. 

Table 1. (Cont’d)
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Table 2. Obstetric outcomes among women with RA and women with JIA compared to those without inflammatory arthritis in the OTIS 
cohort, 2004–2017 (n = 1,391)*

Comparison, 
no. (%) 

(n = 564)

RA 
(n = 657)

JIA 
(n = 170)

No. (%)
Unadjusted RR 

(95% CI) No. (%)
Unadjusted RR 

(95% CI)

Gestational age at delivery
Preterm (<37 wks gestation) 44 (7.8) 107 (16.3) 2.09 (1.50–2.91)† 24 (14.1) 1.81 (1.14–2.89)†
Very preterm (<32 wks) 6 (1.1) 17 (2.6) 2.63 (1.04–6.67)† 3 (1.8) 1.77 (0.44–7.06)
Moderate preterm (≥32 wks and <37 

wks)
38 (6.7) 90 (13.7) 2.07 (1.41–3.02)† 21 (12.4) 1.85 (1.08–3.15)†

Early term (≥37 wks and <39 wks) 146 (25.9) 212 (32.3) 1.37 (1.11–1.70)† 62 (36.5) 1.51 (1.12–2.04)†
Multiple pregnancies 21 (3.7) 24 (3.7) 0.98 (0.55–1.74) 8 (4.7) 1.26 (0.57–2.80)

Obstetric complications
Preeclampsia‡ 20 (3.6) 37 (5.7) 1.59 (0.94–2.71) 15 (8.8) 2.48 (1.30–4.74)†
PIH without preeclampsia§ 19 (3.4) 35 (5.4) 1.58 (0.91–2.72) 10 (6.0) 1.75 (0.83–3.69)
Placenta previa and/or abruption¶ 9 (1.6) 12 (1.9) 1.12 (0.48–2.64) 4 (2.5) 1.46 (0.46–4.68)
Preterm labor# 41 (7.4) 106 (16.4) 2.21 (1.57–3.12)† 25 (15.1) 2.03 (1.27–3.23)†
GDM** 26 (4.7) 59 (9.1) 1.94 (1.24–3.04)† 13 (7.8) 1.66 (0.87–3.16)
Fever during pregnancy 131 (23.2) 141 (21.5) 0.92 (0.75–1.14) 47 (27.6) 1.19 (0.89–1.58)

Caesarian section†† 150 (26.6) 276 (42.1) 1.58 (1.34–1.86)† 70 (41.2) 1.55 (1.23–1.94)†

* Risk ratio (RR) computed using Poisson regression. RA = rheumatoid arthritis; JIA = juvenile idiopathic arthritis; OTIS = Organization of 
Teratology Information Specialists; 95% CI = 95% confidence interval; PIH = pregnancy- induced hypertension; GDM = gestational diabetes 
mellitus. 
† Significant. 
‡ Data missing; 1 control, 3 RA. 
§ Data missing; 12 controls, 12 RA, 4 JIA. 
¶ Data missing; 25 controls, 16 RA, 6 JIA. 
# Data missing; 12 controls, 12 RA, 4 JIA. 
** Data missing; 12 controls, 12 RA, 4 JIA. 
†† Data missing; 1 control, 1 RA. 

Table 3. Association of active disease (PAS >3.70) versus inactive disease (PAS ≤3.70) on PTD among women with RA and women with JIA 
in the OTIS cohort, 2004–2017 (n = 827)*

RA 
(n = 657)

JIA 
(n = 170)

No. events/
total events

ARR 
(95% CI)†

ARR 
(95% CI)‡

No. of 
events/total 

events
ARR 

(95% CI)†
ARR 

(95% CI)‡

Active disease
Any time 

during 
 pregnancy

221/623 (35.5) 1.72 (1.21–2.45)§ 1.52 (1.06–2.18)§ 53/160 (33.1) 0.66 (0.27–1.64) 0.56 (0.23–1.35)

Intake 188/622 (30.2) 1.77 (1.24–2.52)§ 1.58 (1.10–2.27)§ 39/158 (24.7) 0.79 (0.29–2.15) 0.68 (0.26–1.79)
32 weeks¶ 93/444 (20.9) 1.46 (0.83–2.55) 1.33 (0.76–2.33) 22/112 (19.6) 0.47 (0.10–2.18) 0.31 (0.04–2.46)

* Values are the number (%) unless indicated otherwise. PTD = preterm delivery; 95% CI = 95% confidence interval (see Table 1 for other 
definitions). 
† Multivariable adjusted risk ratio (ARR) computed using Poisson regression with robust errors for maternal age, race (white), socioeconomic 
status (high), pre- pregnancy body mass index, smoking, parity, preexisting medical disease (hypertension, thyroid disease, diabetes), and 
previous adverse pregnancy outcome (preeclampsia, preterm, intrauterine growth restriction). 
‡ Multivariable adjustment for the prior maternal factors with the addition of corticosteroid use in first trimester. 
§ Significant. 
¶ Data excludes 2 RA subjects who gave birth earlier than 32 weeks. 
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had a higher risk of preeclampsia versus the comparison group 
(Table 2).

Active disease (PAS score >3.70) was significantly associ-
ated with PTD among women with RA both at intake and any 
time during pregnancy. This association remained after multivari-
able adjustment for maternal age, race, SES, pre- pregnancy BMI, 
tobacco use, parity, preexisting medical disease, prior adverse 
pregnancy outcome, as well as first trimester corticosteroid 
use (ARR 1.58 [95%CI 1.10–2.27] at intake; ARR 1.52 [95% CI 
1.06–2.18] any time in pregnancy). Disease activity was not sig-
nificantly associated with PTD among women with JIA (Table 3). 
After multivariable adjustment for factors including high disease 
activity, corticosteroid use in any of the 3 trimesters was signif-
icantly associated with PTD among women with RA and those 
with JIA. In addition, use of NSAIDs in the first trimester was sig-
nificantly associated with PTD in women with JIA. However, nei-
ther DMARDs nor biologics in any trimester were associated with 
increased risks for PTD (Table 4).

Preeclampsia, PIH without preeclampsia, and GDM were 
independently associated with a significantly higher risk for PTD 
in the RA group, but not in the comparison or JIA groups (after 
multivariable adjustment). Fever during pregnancy independently 

increased the risk for PTD among women with JIA in multivari-

able analysis (Table 5).

DISCUSSION

Our study demonstrates that women with RA and women 
with JIA are at an increased risk for PTD and early term delivery. 
Women with RA also have a higher risk of very PTD that was not 
noted in women with JIA in our sample. Interestingly, prior stud-
ies suggest the opposite, with a 2010 prevalence study (1) show-
ing higher odds of moderate PTD but not of very PTD for RA, and 
another analysis (7) noting a higher risk for very PTD in JIA.

Existing data are conflicting on the effect of disease activ-
ity in RA on gestational age at delivery. One retrospective study 
(3) showed no association between PTD and active disease at 
conception or throughout pregnancy and another prospective 
trial (4) identified disease activity in early pregnancy as predic-
tive of PTD. In our study, active disease both at intake and any 
time during pregnancy was associated with a higher risk for 
PTD in RA. One might expect that the increased rate of PTD is 
mediated through more corticosteroid use to control disease 
flares, as this relationship has previously been documented in 

Table 4. Association of medications with preterm delivery among women with RA and women with JIA in the OTIS cohort, 2004–2017 
(n = 827)*

RA 
(n = 657)†

JIA 
(n = 170)

No. of events (%)
ARR 

(95% CI) No. of events (%)
ARR 

(95% CI)

Biologic use
1st trimester 402 (61.2) 0.93 (0.66–1.32) 119 (70.0) 0.93 (0.36–2.44)
2nd trimester 269 (40.9) 1.10 (0.77–1.56) 85 (50.0) 0.43 (0.17–1.05)
3rd trimester 242 (37.0) 1.20 (0.84–1.73) 76 (44.7) 0.58 (0.25–1.35)

DMARDs
1st trimester 207 (31.5) 0.79 (0.54–1.17) 35 (20.6) 1.09 (0.46–2.59)
2nd trimester 141 (21.5) 0.79 (0.49–1.29) 24 (14.1) 0.91 (0.30–2.75)
3rd trimester 133 (20.3) 0.94 (0.59–1.49) 23 (13.5) 1.56 (0.57–4.25)

NSAIDs
1st trimester 161 (24.5) 1.10 (0.73–1.65) 45 (26.5) 2.31 (1.04–5.14)‡
2nd trimester 76 (11.6) 0.94 (0.53–1.66) 25 (14.7) 1.31 (0.50–3.47)
3rd trimester 48 (7.3) 0.91 (0.44–1.91) 16 (9.4) 1.85 (0.63–5.39)

Corticosteroids
1st trimester 270 (41.1) 1.96 (1.36–2.83)‡ 65 (38.2) 3.37 (1.53–7.43)‡
2nd trimester 280 (42.6) 1.86 (1.27–2.73)‡ 73 (42.9) 4.64 (1.98–10.84)‡
3rd trimester 269 (41.1) 2.13 (1.46–3.11)‡ 73 (42.9) 4.90 (2.02–11.89)‡

* Multivariable adjusted risk ratio (ARR) computed using Poisson regression with robust errors for maternal age, race (white), socioeco-
nomic status (high), pre- pregnancy body mass index, smoking, parity, preexisting medical disease (hypertension, thyroid disease, diabetes 
mellitus), and previous adverse pregnancy outcome (preeclampsia, preterm, intrauterine growth restriction), and disease activity defined 
by Patient Activity Scale at intake. JIA = juvenile idiopathic arthritis; OTIS = Organization of Teratology Information Specialists; 95% CI = 95% 
confidence interval; DMARDs = disease- modifying antirheumatic drugs; NSAIDs = nonsteroidal antiinflammatory drugs. 
† 2 subjects with rheumatoid arthritis (RA) who delivered earlier than 26 weeks were excluded from 3rd trimester analysis. 
‡ Significant. 
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the literature (5). However, in the present study, the significant 
association between disease activity and PTD remained even 
after multivariate adjustment for first trimester corticosteroid 
use, implying that active disease in RA may contribute to 
PTD independent of medications. Indeed, inflammation such 
as that seen in conditions like RA has been linked to PTD; 
proinflammatory cytokines have been noted in higher concen-
trations in women with preterm labor, and have been theo-
rized to stimulate prostaglandins, thereby promoting uterine 
contractions (12). While it seems that this idea of unchecked 
inflammation leading to PTD may be applicable to all chronic 
diseases, it does not explain the fact that, in our study, active 
disease did not confer a higher risk of PTD in the JIA group.

The JIA group had a very high incidence of pre- pregnancy 
hypertension (Table 1). This may have contributed to the elevated 
incidence of preeclampsia seen in this group (Table  2), as pre- 
pregnancy hypertension has previously been demonstrated to be 
highly predictive of preeclampsia (13). The JIA group had a higher 
incidence of fever during pregnancy, which was independently 
associated with PTD. There was also an association between first 
trimester NSAID use and PTD exclusively among women in the JIA 
group. Fever may be a sign of active disease in JIA, particularly the 
systemic subtype, and NSAID use may also reflect higher disease 
activity (14). Even though our analysis adjusted for disease activity in 
these models, disease activity may not have been adequately cap-
tured for JIA by the PAS or other PRO measures, as our sample of 
JIA patients was quite heterogeneous with an unknown breakdown 
of disease subtypes. Therefore, these findings may still be influenced 
by disease activity despite the multivariable adjustment.

While neither DMARD nor biologic use conferred a higher 
risk for PTD, corticosteroid use was strongly associated with 
PTD in all 3 trimesters for both the RA and JIA groups, indepen-
dent of underlying disease activity (Table  4). It is often difficult 
to distinguish between the contributions of corticosteroid use 
and disease activity to the risk for PTD, and prior investigators 
have highlighted disease activity as the likely contributing factor 
(15). One prior study in pregnant women with Crohn’s disease 
(16) adjusted for disease activity when analyzing the effect of 
corticosteroid use on PTD, and found that the effect of cortico-
steroids was attenuated after multivariable analysis. The present 
study, however, highlights that there is an excess risk associated 
with corticosteroid use on PTD in both RA and JIA even after 
adjustment for disease activity measures at intake. Further stud-
ies are warranted to confirm the independent contributions of 
corticosteroids and disease activity on gestational age of delivery.

We noted differences in the risks of pregnancy complications 
across the 3 groups (Table  2), and we noted differences in the 
independent effects of these factors for PTD by group (Table 5). 
For example, preeclampsia was associated with a significantly 
elevated risk for PTD in the RA group, but not in the comparison 
group. We also noted a significantly higher incidence of GDM 
in RA than in the JIA or comparison groups (Table 2). The pres-

ence of GDM in the RA group was associated with a significant 
increased risk for PTD, independent of underlying corticoster-
oid use; no such associations were found in the JIA or compari-
son groups (Table 5). GDM has been previously associated with  
preeclampsia, hypertension, polyhydramnios, and macrosomia, 
but not directly with PTD (17–19). Our multivariable adjustment 
accounted for preeclampsia and hypertension, so it is unlikely 
that the higher risk for PTD associated with GDM in the RA group 
was attributable to higher rates of these complications. However, 
in our multivariable adjustment we were not able to account for 
 polyhydramnios, which may have influenced PTD, particularly in 
the RA group. Additionally, given that women with both RA and 
GDM are at a particularly high risk for perinatal complications, we 
can speculate that the obstetricians in this group were perhaps 
more aggressive about inducing at an earlier gestational age than in 
other groups, but this information was not available in the data set.

Strengths of this study include the prospective cohort design 
and multivariable adjustment analyses. Adjustment was made for 
PAS score at intake and corticosteroid use in the first trimester, as 
opposed to any time in pregnancy, in order to avoid adjustment 
for a mediator, because disease activity and corticosteroid use 
throughout pregnancy have the potential to mediate the effect of 
PTD. Furthermore, with the utilization of these measures early in 
pregnancy, potential reverse causation bias was avoided. That is, in 
women with PTD, the proinflammatory immune state surrounding 
the delivery period may be initiated well before the actual delivery, 
with the capacity to influence maternal disease activity and cor-
ticosteroid intake (12). This is a theoretical situation in which the 
immune system changes that surround the event of PTD occur 
first, subsequently leading to the exposure (corticosteroid use), as 
opposed to the exposure preceding the outcome. By excluding 
corticosteroid use later in pregnancy from our analysis, we avoid 
this potential bias. Unfortunately, using baseline disease activity 
measures and first trimester corticosteroid use may also have lim-
ited our conclusions, given that we did not analyze the influence of 
disease activity or corticosteroid use later in pregnancy on PTD in 
the multivariable models.

These results should be viewed in light of the limitations. The 
sample had a relatively small number of subjects with the primary 
outcome of PTD and a small number with JIA, thereby limiting the 
confidence in our conclusions. Another limitation was the poten-
tial for overfitting of our models due to the number of variables 
included in the analysis. Also, we did not have information on the 
timing of onset of preeclampsia, which in some individuals may 
have occurred after 37 weeks of gestation. If this misclassification 
was differential by group, effect estimates for preeclampsia may 
have been biased.

The heterogeneous nature of our JIA cohort may have ren-
dered the disease activity measures less reliable. Because the 
cohort either with RA or JIA included women who may have 
chosen to participate in the study as a result of their arthritis, the 
sample may have included women with more severe disease, 
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more medication use, or a higher number of comorbid conditions 
than other national record- based studies. On the other hand, the 
 volunteers who comprised our comparison cohort may have been 
healthier than the general population, as evidenced by the low 
rate of comorbid conditions and tobacco use seen in this group. 
Indeed, the rate of preterm birth in the comparison cohort (7.8%) 
was lower than the national average (9.6% in 2015), and this 
disparity has the potential to bias the effects seen in the arthritis 
groups away from the null (20). Lastly, the entire cohort was pre-
dominantly white with a high SES level. Thus, these results may 
not be generalizable to the entire population.

In conclusion, this study highlights the factors driving PTD in 
pregnant women with inflammatory arthritis. Active disease was sig-
nificantly associated with PTD among women with RA even when 
measured in the first half of pregnancy, and corticosteroid use was 
a strong risk factor of PTD for both RA and JIA, indepen dent of 
disease activity. Additional factors, such as GDM, fever during preg-
nancy, first trimester NSAID use, and pre eclampsia may have differ-
ential influence on PTD risk in the  inflammatory arthritis population 
compared to the general population of  pregnant women. Reassur-
ingly, neither DMARDs nor biologic medications used in any trimes-
ter were independently linked to higher risk of PTD. Further analyses 
are necessary to look at other categories of arthritis affecting women 
of childbearing age, racial disparities in these populations, as well as 
the influence of disease activity in the later stages of pregnancy on 
other perinatal factors that may contribute to PTD risk.
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Patient- Reported Outcomes Predict Mortality in Lupus
Desiree R. Azizoddin,1  Meenakshi Jolly,2 Shilpa Arora,3 Ed Yelin,4 and Patricia Katz4

Objective. Physician- assessed disease activity and damage predict mortality in systemic lupus erythematosus 
(SLE). Patient- reported outcomes (PROs) are known predictors of mortality in other chronic diseases, but this re-
lationship has not been well examined in SLE. The aim of the present study was to assess whether PROs predict 
mortality in SLE.

Methods. Data were derived from the University of California at San Francisco Lupus Outcomes Study (n = 728). 
PROs (Medical Outcomes Study Short Form 36 [SF- 36] subscales), self- rated health, and depression (Center for Epi-
demiologic Studies Depression scale [CES- D]) from 2007 (baseline data [T0]) were used to predict mortality (censored 
2015). Univariate Cox regression analyses were completed for each PRO as a predictor of mortality, and multivariate 
Cox regression with covariates for each PRO separately. Covariates were age, sex, race/ethnicity, poverty, disease 
duration, disease activity (Systemic Lupus Activity Questionnaire), and damage (Brief Index of Lupus Damage).

Results. The mean ± SD age of patients was 50.6 ± 12.6 years. Ninety- two percent of patients were women and 
68.5% were white. There were 71 deaths (9.1%). In univariate analyses, both the SF- 36 physical component sub-
scale score and self- rated health were associated with mortality, and the SF- 36 mental health subscale and CES- D 
scores were not associated with mortality. In multivariate analyses, lower scores of SF- 36 physical function at T0 
independently predicted mortality after controlling for all other covariates (hazard ratio 0.97 [95% confidence interval 
0.94–0.99]; P < 0.01).

Conclusion. Patient- reported physical function independently predicted mortality in SLE, even after accounting 
for demographics (including poverty) and disease (duration, activity, and damage). Because PROs are easy to assess, 
they may be used to triage, track, and guide early interventions for those at high risk of mortality in SLE.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic  multisystemic 
autoimmune disease with diverse manifestations and a variable 
clinical course. The course is marked by unpredictable flares and 
uncontrolled or poorly controlled inflammation in organ systems 
that may result in irreversible organ damage. The disease and 
its treatment negatively impact all aspects of one’s quality of life 
(QoL). In fact, cumulative effects of SLE on patients’ QoL may 
exceed those of some of the more common chronic diseases (1).

Survival in SLE has improved from the 1950s to 1990s (2), 
and the 5- year survival rate of patients with SLE in developed 
countries improved from <50% to >95% (2). However, mortality 
rates for individuals with SLE are still approximately 3 times as high 
compared to rates in the general population (3,4). This prognosis is 

not equal among racial/ethnic groups and is believed to be driven 
at least partially by socioeconomic and cultural factors (3).

Risk factors for death among patients with SLE include 
infection, cardiovascular disease (CVD), renal involvement, higher 
serum creatinine levels, lower use of antimalarial drugs, higher use 
of immunosuppressants, shorter disease duration, and malig-
nancy (5–9). Sociodemographic factors have also been found to 
be linked to mortality in SLE. Poverty, less than full- time employ-
ment, and difficulty accessing health care were found to predict 
mortality (10), although a recent study suggested that the impact 
of poverty on mortality may be primarily due to greater disease 
damage (11). Female sex, younger age, and African American 
race have also been found to predict mortality in SLE (5).

Core outcomes used in SLE care and research include dis-
ease activity, damage, patient-reported outcomes (PROs), and 
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adverse effects of treatments (12–14). Physician- assessed disease 
activity and damage scores, such as the Systemic Lupus Erythe-
matosus Disease Activity Index (SLEDAI) (15), the Systemic Lupus 
International Collaborating Clinics/American College of Rheuma-
tology (ACR) Damage Index (SDI) (16), and the Brief Index of Lupus 
Damage (BILD) are known to predict mortality in SLE (17–20).

PRO measures provide valuable and unique information 
about the impact of SLE and treatment effectiveness that is not 
captured by physician- assessed measures (21,22). This is clear 
from various studies showing a poor correlation between disease 
activity, damage, QoL, and persistent unmet needs of patients 
with SLE (23,24). Thus, PROs have a critical role in SLE clinical 
trials and routine clinical care as they provide relevant and comple-
mentary information to disease activity and damage indices (25). In 
addition, PRO data can be easily obtained and provide systematic 
evaluation and involvement of the patient in their own care. PROs 
have been shown to predict mortality and survival in other chronic 
conditions and cancers (26–31), however, their role in predicting 
mortality in SLE has not been well established (19,32). A study by 
Fernández et al showed PROs to independently predict damage 
among 552 patients with SLE after adjusting for demographics, 
poverty, disease duration, disease activity, and baseline damage. 
In their univariate analysis, Fernández and colleagues found PROs 
to predict mortality; however, in the multivariate analysis, PROs did 
not retain their association with mortality (19). In a smaller study of 
63 patients, mental health (MH) was found to be a predictor of sur-
vival; however, adjustment for other known covariates of mortality 
in SLE was not included in the analysis (32). Our study assessed 
whether PROs, including the instrument that is most widely used 
in SLE studies to assess PRO, the Medical Outcomes Study Short 
Form 36 (SF- 36), predicted mortality in patients with SLE, while uti-
lizing a large community- based study sample and after accounting 
for other known covariates associated with mortality in SLE.

PATIENTS AND METHODS

Participants. Data were derived from the University of 
California San Francisco (UCSF) Lupus Outcomes Study (LOS). 

Participants in the LOS were recruited from both clinical and 
community sources. SLE diagnoses and fulfillment of the ACR 
classification criteria for SLE were verified by medical record 
review (33). Additional details regarding this cohort have been 
previously published (34).

Data for the LOS were primarily obtained from an annual 
structured telephone interview. Interviews queried symptoms, 
medications, and other treatments, patient- reported measures 
of lupus disease activity and damage, and a number of validated 
PROs. Annual retention rates averaged 93%. Although the initial 
LOS interviews took place from 2002 to 2003, the baseline data 
(T0) for these analyses are from 2007 because at that time the 
patient- reported measure of lupus damage (BILD) was added. 
All study procedures were approved by the UCSF Committee on 
Human Research.

Mortality. Mortality was determined as of December 
2015. Deaths were ascertained either at the time of contact for 
annual interviews, by contacting next of kin, or through searches 
of the National Death Index.

Patient- reported outcomes (PROs). Medical Outcomes 
Short Form 36 (SF- 36). The SF- 36 has 8 subscales, including 
physical function (PF), role physical, bodily pain, general health, 
vitality, social function, role emotional (RE), and MH (34). The 
SF- 36 subscales and component scores were standardized to 
the population mean ± SD of 50 ± 10. Higher scores represent 
better health status. This tool has been widely used and validat-
ed in patients with SLE (35–37). Reliability was excellent, with 
Cronbach’s α = 0.94 for the total SF- 36 scale.

Center for Epidemiologic Studies Depression scale 
(CES- D). The CES- D consists of 20 items with scores ranging 
from 0 to 60 (38). Higher scores reflect a greater level of de-
pressive symptoms. Scores ≥16 indicate those at high risk for 
significant depression in the general population. The CES- D 
scale is validated for screening of depression in patients with 
SLE and a cutoff score of 24 was identified as a specific and 
sensitive cutoff score for diagnosis of major depressive dis-
order (MDD). A total of 28.8% of patients in this sample (n = 
149) met cutoff for MDD in a lupus specific evaluation of this 
tool (39,40).

Self- rated health. Self- rated health was assessed with a 
single item, “How would you rate your current health?,” with re-
sponse options of excellent, good, fair, or poor. Responses were 
dichotomized as excellent or good versus fair or poor.

Disease-specificmeasures. Disease duration was calcu-
lated based on date of diagnosis obtained from medical record 
reviews or from participant self- report (if not available in medical 
records). SLE disease activity was assessed using the Systemic 
Lupus Activity Questionnaire (SLAQ), a validated, self- report 
measure of disease activity with scores ranging from 0 to 33  

SIGNIFICANCE & INNOVATIONS
• Patient-reported outcomes (PROs) are central to 

 lupus assessments, but the ability of PROs to pre-
dict risk of mortality is not known in systemic lupus 
erythematosus (SLE), unlike many chronic diseases.

• In this large, prospective study, both SLE damage 
and PROs independently predicted mortality, after 
accounting for other confounders.

• This study confirms the utility of including screen-
ing and tracking of PROs in lupus in order to triage, 
track, and guide early interventions for those at 
high risk of mortality in SLE.
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(41,42). SLE disease damage was assessed with the BILD (43), 
a self- report measure of damage validated against the SDI (44). 
Possible scores range from 0 to 46.

Other variables. Sociodemographic characteristics (age, 
sex, race/ethnicity) were self- reported. Poverty status was defined 
as at or below 125% of the federal poverty level, based on total 
family income and number of respondents in the household.

Statistical analysis. Participant characteristics were tabu-
lated. Differences in covariates in 2007 between individuals who 

did and did not die were compared using t- tests or chi- square 
analyses.

The overall analytic strategy was to determine if PROs admin-
istered in 2007 (T0) could predict subsequent mortality. Mortality 
as of December 2015 was the primary outcome. Time to event 
was calculated by subtracting time of last study evaluation from 
the date of the T0 interview, which resulted in cumulative months/
days in study. Individuals’ assessments of PROs at T0 were 
included as predictors of later mortality.

Prior to analysis, the data were examined for outliers and 
violations of the assumptions of survival analysis, including 

Table 1. Subject characteristics at first year of analysis (T0)*

Total sample 
(n = 728)

Deceased

P
No 

(n = 657)†
Yes 

(n = 71)‡

Female, no. (%) 671 (92.2) 61 (92.8) 61 (85.9) 0.058
Age, years 50.6 ± 12.6 49.9 ± 12.5 57.54 ± 11.8 0.461
Ethnicity, no. (%) 0.365

White 499 (68.5) 454 (69.1) 45 (63.4)
Hispanic 67 (9.2) 59 (9.0) 8 (11.3)
African American 53 (7.3) 44 (6.7)  9 (12.7)
Asian 69 (9.5) 64 (9.7) 5 (7.0)
Other 40 (5.5) 36 (5.5) 4 (5.6)

Below poverty, no. (%) 80 (11.0) 69 (10.5) 11 (15.1) 0.189
BMI 26.8 ± 6.8 26.8 ± 6.9 26.8 ± 6.4 0.671
Disease duration, years 16.7 ± 6.4 16.4 ± 8.4 19.3 ± 8.7 0.314
SLAQ 12.5 ± 7.9 12.28 ± 7.8 14.5 ± 8.5 0.478
Patient rating of lupus 

disease activity 
4.1 ± 2.7 4.11 ± 2.6 4.94 ± 3.2 0.007§

BILD 2.3 ± 2.2 2.04 ± 1.9 4.31 ± 2.6 0.000¶
SF- 36

Physical function 39.7 ± 12.5 40.5 ± 12.3 31.8 ± 11.8 0.712
Role limitations physical 39.8 ± 11.4 40.4 ± 11.2 33.9 ± 11.7 0.801
Pain 41.7 ± 11.2 42.0 ± 11.1 38.7 ± 11.8 0.576
General health 37.8 ± 12.6 38.2 ± 12.7 34.3 ± 11.7 0.414
Vitality 43.4 ± 11.9 43.8 ± 11.9 39.8 ± 11.9 0.758
Social functioning 41.5 ± 12.7 41.9 ± 12.5 38.6 ± 14.1 0.146
Role limitations emo-

tional
44.9 ± 12.4 45.1 ± 12.3 42.6 ± 13.5 0.236

Mental health 47.1 ± 11.8 47.1 ± 11.8 46.6 ± 12.1 0.675
Depressive symptoms 

(CES- D)
14.1 ± 12.4 13.9 ± 12.4 15.9 ± 11.8 0.655

* Values are mean ± SD unless indicated otherwise. Independent sample t- test and chi- square analysis 
were completed to measure group differences. Rating of lupus disease activity scale rated 0–10. Signif-
icant differences noted between individuals who did and did not die. T0 = time of baseline data; BMI = 
body mass index; SLAQ = Systemic Lupus Activity Questionnaire; BILD = Brief Index of Lupus Damage; 
SF- 36 = Medical Outcomes Study Short Form 36; CES- D = Center for Epidemiologic Studies Depression 
scale. 
† 90.2% of patients. 
‡ 9.8% of patients. 
§ P < 0.01. 
¶ P < 0.001. 
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multicollinearity and whether any missing cases were the same 
as remaining cases; none were found. We used Cox propor-
tional hazards regression models to estimate the relationship 
of each PRO on the risk of mortality at any point between 2008 
and 2015. Univariate Cox regression analyses first examined 
each PRO at T0 as a predictor of subsequent mortality. Multi-
variate Cox regression analyses including covariates were then 
conducted for each PRO at T0 separately, while controlling for 
age, sex, race/ethnicity, poverty, disease duration, and values 
of SLAQ and BILD at T0, as these individual covariates have 
been found to be associated with mortality among patients 
with SLE. P values less than or equal to 0.05 were considered 
significant. Statistical analysis was performed using SPSS, 
version 24.

RESULTS

There were 728 LOS participants at T0. The mean age of 
participants was 50.6 years, 92% were female, 69% were white, 
11% reported below- poverty income, and the mean duration of 
years with SLE was 16.7 (Table 1). All SF- 36 subscale scores and 
the SF- 36 component scores were below the population mean 
of 50. The mean CES- D score was 12.1; a score of 24 is sug-
gested to represent possible depression (40). Seventy- one LOS 
participants (9.8%) died during the follow- up period. There were 
significant differences in the ratings of lupus disease activity at T0 
between deceased and nondeceased individuals (the mean ± SD 
SLAQ scores for the deceased participants were 4.9 ± 3.2 versus 
4.1 ± 2.6 for the nondeceased; P < 0.01) and organ damage (the 

mean ± SD BILD scores were 4.3 ± 2 for the deceased versus 2.0 

± 1.9 for the nondeceased; P < 0.000).
Univariate Cox regression analyses first separately examined 

each PRO at T0 as a predictor of subsequent mortality, including 
SF- 36 subscale scores within this model (Table 2). In these univar-
iate analyses, lower (worse) scores on all of the SF- 36 subscales 
except RE and MH were significantly associated with an increased 
risk of mortality. Fair/poor self- rated health was also associated 
with an increased risk of mortality, as were CES- D scores (haz-
ard ratio [HR] 2.14 [95% confidence interval (95% CI) 1.33–3.44]; 
P < 0.05). Age (HR 1.06 [95% CI 1.03–1.08]; P < 0.001), SLE 
duration (HR 1.03 [95% CI 1.01–1.06]; P < 0.01), and BILD score 
(HR 1.58 [95% CI 1.28–1.48]; P < 0.001) were also associated 
with increased risk of mortality in univariate analyses; female sex 
was associated with a lower risk of mortality (HR 0.48 [95% CI 

0.25–0.93]; P < 0.05).
After controlling for covariates, worse patient- reported PF at 

T0 was associated with a significant increase in risk of mortality 
(HR 0.97 [95% CI 0.94–0.99]; P < 0.01) (Table 3). The odds of 
dying were 3.5% lower for every increased point- rating in PF on 
the SF- 36 PF domain. Among the covariates, only age, disease 
damage (BILD scores), and sex were also associated with mor-
tality in this regression model (for age, HR 1.04 [95% CI 1.02–
1.07]; for the BILD, HR 1.33 [95% CI 1.12–1.36]; for sex, HR 2.51 
[95% CI 1.18–5.35]). None of the other PROs, including self- rated 

health, predicted mortality in multivariate analyses (Table 3).
Figure 1 displays survival rates from T0 by levels of SF- 36 

PF scores that were separated into quartiles in order to compare 
individuals’ bracket ranges (quartile 1 = 0–25.5; quartile 2 = 25.6–

Table  2. Risk of mortality associated with each PRO from T0, 
univariate Cox regression analyses*

HR 95% CI P

SF- 36
Physical function 0.94 0.93–0.96 0.000†
Role physical 0.95 0.93–0.97 0.000†
Pain 0.97 0.95–0.99 0.009‡
General health 0.97 0.96–0.99 0.008‡
Vitality 0.97 0.95–0.99 0.004‡
Social functioning 0.98 0.96–0.99 0.019‡
Role emotional 0.98 0.97–1.00 0.050
Mental health 0.995 0.98–1.01 0.600

Depressive symptoms 
(CES- D)

2.14 1.33–3.44 0.002‡

Self- rated health: fair/
poor health

2.54 1.81–3.59 0.000†

* PRO = patient- reported outcome; T0 = time of baseline data; HR 
= hazard ratio; 95% CI = 95% confidence interval; SF- 36 = Medical 
Outcomes Study Short Form 36; CES- D = Center for Epidemiologic 
Studies Depression scale. 
† P < 0.01. 
‡ P < 0.05. 

Table  3. Risk of mortality associated with each PRO at T0, 
multivariate Cox regression analyses*

HR 95% CI P

SF- 36
Physical function 0.97 (0.94–0.99) 0.007†
Role physical 0.97 (0.95–1.00) 0.07
Pain 1.01 (0.98–1.03) 0.69
General health 1.00 (0.98–1.02) 0.99
Vitality 0.99 (0.97–1.02) 0.55
Social functioning 1.01 (0.99–1.03) 0.50
Role emotional 1.00 (0.98–1.02) 0.84
Mental health 1.01 (0.99–1.03) 0.28

Depressive symptoms 
(CES- D)

0.99 (0.97–1.02) 0.52

Self- rated health: fair/
poor health

0.90 (0.51–1.60) 0.73

* Separate multivariate models were conducted for each patient- 
reported outcome (PRO). Each multivariate model controlled for 
age, sex, disease duration, poverty, rating of systemic lupus erythe-
matosus disease activity, and Brief Index of Lupus Damage score. 
See Table 2 for other definitions. 
† P < 0.01. 
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50.5; quartile 3 = 50.6–75.5; quartile 4 = 75.6–100). No individuals 
reported scores above 57 and therefore no line is depicted for the 
fourth/top quartile. The minimum score for the physician function 
subscale of the SF- 36 for this sample was 15 and the maximum 
score was 57. Seventy- three percent of the sample reported a 
score of ≤50 for the SF- 36 PF measure.

DISCUSSION

PROs represent views and perceptions of patients and are 
becoming widely recognized as important measures for use in 
improving patient care and health outcomes. Physicians focus 
on disease activity and damage as their primary therapeutic goal; 
however, PROs provide insight to patients’ experiences of illness, 
values, preferences, and goals of care. PROs have been shown to 
enhance patient engagement and shared decision- making when 
integrated into clinical care.

PROs have been studied in various chronic diseases, includ-
ing cancers, and have been shown to predict mortality (26–31). In 
an early review of 27 community studies, Idler and Benyamini (26) 
found that global self- rated health was an independent predictor 
of mortality, despite the inclusion of relevant covariates known to 
predict mortality. A recent large prospective observational study 
by Barger et al showed that 1 SD decrease in self‐rated health 
was associated with increased risk of CVD mortality independent 
of atherosclerotic CVD risk and nontraditional biomarkers (31). In 
the present study, we evaluated this relationship in individuals with 
SLE, who not only experience significant disease burden from this 
chronic disease that is marked by flares and complicated treatment 
regimens but who are also at an increased risk of mortality (3,4). 
Insight to predictors of mortality in this complex disease, beyond 
those predictors that require physician resources (such as assess-

ments of renal involvement and traditional physician- completed 
measures of disease activity and damage) affords rheumatologists 
and SLE providers with additional tools to assess potential patient 
health trajectories. Identification of similar predictors will expand 
opportunities for early interventions aimed at the reduction of such 
risk, including allocation of appropriate medical resources in areas 
with large numbers of patients with compromised health. Our 
study demonstrated that PF was significantly and independently 
predictive of an increased risk of mortality, even after adjusting for 
other covariates which may be associated with mortality in SLE.

The present study shows the predictive utility of PROs for mor-
tality among patients with SLE, similar to what has been noted with 
several other more common chronic diseases. This is important, 
especially in diseases like SLE, as there is a shortage of rheuma-
tologists and long waiting periods for patients to be evaluated in 
urban areas in the US. In areas with populations of ≥40,000, the 
closest access to a rheumatologist is an average of more than 
200 miles away (45). Furthermore, several areas of populations 
of ≥200,000 or more do not have any access to a rheumatolo-
gist. Similar trends have been reported in Canada and are likely to 
worsen over the next decade (46). In some developing countries, 
for various reasons, the rheumatology work force that is available 
is seriously limited (47). Patients with SLE in general, and especially 
those with multisystem disease involvement, are better managed 
by a rheumatologist, preferably one with experience in SLE (48). 
Due to shortages of rheumatologists and/or potential lack of or 
challenges in health care resources that are available to patients, 
it may be possible to include PROs in assessments to determine 
“at risk” patients who may be preferentially directed to a special-
ist and/or to other appropriate resources. Because PROs can be 
measured easily, quickly, reliably in a systematic manner, without 
use of many resources (including cost) and experts, PROs can 

Figure 1. Survival curve stratified by Medical Outcomes Study Short Form 36 physical function (SFPF), quartiles marked as quartile 1 = 
0–25.5, quartile 2 = 25.6–50.5, quartile 3 = 50.6–75.5, quartile 4 = 75.6–100; highest score marked at 57. No patients ranked in 4th quartile. 
Cum survival = cumulative survival.
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serve as an important tool in  community settings that provide care 
for individuals with SLE. Implementation and integration of PROs 
may potentially help decrease mortality among patients with SLE in 
the long term. As PROs can be tracked serially, they can be used 
further to not only identify people at risk, but also to implement 
appropriate and timely interventions to improve health outcomes in 
SLE. These interventions could include disease education, disease 
self- management, early diagnosis and treatments of flares, control 
of disease activity to limit damage, evaluation and interventions for 
compliance with care and treatments, and fostering patients well- 
being. Widespread and routine use of PROs in SLE care could 
further facilitate insight into the disease process, unmet needs of 
patients, and better incorporation of the biopsychosocial model of 
health.

There are some contrasts to be noted between the results 
of our LOS study and those of 2 additional studies involving 
PROs and mortality in SLE. In a study by Freire et al (49), unlike 
in our study, the main significant differences noted were in the 
SF- 36 MH and RE subscales among those who died as com-
pared to those who did not. We also did not see any associ-
ation between depressive symptoms, as measured by CES- D 
and mortality in our LOS participants. The differences between 
the findings in the study by Freire and colleagues and those of 
the present study may be attributed to differences in the sample 
size or methods. It is also possible that the impact of MH and 
depression on patients is strongly dependent on decreased PF.

A study by Fernández et al showed the SF- 36 physical com-
ponent score (a combination of SF- 36 subscales) to be associated 
with mortality in the univariate analysis, but the significant relation-
ship was not retained in multivariate models. Instead, Fernández 
and colleagues reported that disease activity, damage, and poverty 
were independent predictors of mortality (50). While our analyses 
found disease damage to be an independent predictor of mor-
tality, patient- reported physical activity also significantly predicted 
mortality. Interestingly, self- reported health was not found to be a 
strong predictor of mortality, above and beyond the covariates, 
yet this may be a result of correlations with self- reported disease 
activity and other covariates included in our multivariate model.

Limitations to our study include bias due to self- report, 
which means that responses on PRO questionnaires may be 
affected by factors that were not included in the analyses 
such as comorbidities (including fibromyalgia), health liter-
acy, poor disease understanding, or patient beliefs. In spite 
of such potential biases, PRO data have been known to be 
an important source of complementary information in patients 
with SLE, providing insight to patient perception of disease 
and guiding important treatment decisions. We analyzed 
SF- 36 and CES- D responses only at the first visit instead 
of including prospective evaluations at each visit. Studies 
in which trends in PROs are evaluated over time to see if 
changes in these PROs are also associated with increased 
risk of mortality in SLE may be an area of potential research. 

Additionally, the results of this study are primarily applicable 
to similar cohorts.

However, this is only the second large observational study 
to investigate the relationship between PROs and mortality in 
SLE and, to our knowledge, the first to demonstrate a lon-
gitudinal relationship between PROs and mortality in lupus 
patients, akin to that seen among other common chronic dis-
eases. Other strengths of the study include use of data from 
a large multiethnic population and inclusion of multivariate 
analysis to account for known covariates of mortality in SLE 
(age, sex, poverty, and disease duration, activity, and dam-
age). The potential application of these findings is timely for 
formulating evidence- guided plans for patient care and health 
care resources in individuals with SLE, in the context of the 
challenges faced in access to rheumatologists and other care 
resources and excess mortality in this patient group.

In conclusion, low scores on the PF subscale of the SF- 36 
are an independent predictor of mortality risk in SLE. Though 
this is similar to PF in the elderly population as well, recognizing 
poor functioning at initial screening for those with SLE may assist 
in identifying patients who are at higher risk of worse outcomes 
and therefore in need of further intervention. Our results empha-
size the importance of evaluating PROs as part of lupus care, 
with particular emphasis on the importance of adequate PF for 
patients. Future research could explore the specific aspects of 
PF that predict mortality and the impact of providing interven-
tions that target improving PF, which may potentially result in 
improved outcomes and reduced mortality.
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Decreased Pain and Improved Dynamic Knee Instability 
Mediate the Beneficial Effect of Wearing a Soft Knee Brace 
on Activity Limitations in Patients With Knee Osteoarthritis
Tomasz Cudejko,1 Martin van der Esch,2 Josien C. van den Noort,3 Judith J. M. Rijnhart,4 Marike van der Leeden,1 
Leo D. Roorda,2 Willem Lems,5 Gordon Waddington,6 Jaap Harlaar,7 and Joost Dekker8

Objective. To evaluate whether improvement of proprioception, pain, or dynamic knee instability mediates the 
effect of wearing a soft knee brace on activity limitations in patients with knee osteoarthritis (OA).

Methods. We conducted an analysis of data for 44 patients with knee OA who were enrolled in a laboratory- based 
trial evaluating the effect of wearing a commercially available soft knee brace. Activity limitations were assessed with 
the 10- meter walk test and the Get Up and Go test. Knee joint proprioception was assessed by an active joint position 
sense test; pain was assessed on a numeric rating scale (NRS) (range 0–10); pressure pain threshold (PPT) was as-
sessed with a hand- held pressure algometer; dynamic knee instability was expressed by the perturbation response, 
i.e., a measure reflecting a deviation in mean knee varus–valgus angle after a controlled mechanical perturbation on a 
treadmill, with respect to level walking. Mediation analysis was conducted using the product of coefficients approach. 
Confidence intervals were calculated with a bootstrap procedure.

Results. A decrease in pain (scored on an NRS) and a decrease in dynamic knee instability mediated the effect of 
wearing a soft knee brace on the reduction of activity limitations (P < 0.05), while changes in proprioception and PPT 
did not mediate this effect (P > 0.05).

Conclusion. This study shows that decreased pain and reduced dynamic knee instability are pathways by which 
wearing a soft knee brace decreases activity limitations in patients with knee OA.

INTRODUCTION

Soft knee braces, which are elastic, nonadhesive orthoses, 
are often used to reduce activity limitations in patients with knee 
osteoarthritis (OA) (1). We recently confirmed in a laboratory- 
based setting that wearing a soft knee brace indeed reduced 
activity limitations in patients with knee OA (2). Potential underly-
ing mechanisms by which a soft knee brace could act on activity 
limitations in patients with knee OA were recently described (3). 
However, to our knowledge, no study has identified mechanisms 
that might underlie the effects of soft braces on activity limitations 
in patients with knee OA.

Potential underlying mechanisms of the effect of a soft knee 
brace on activity limitations are the improvement of knee joint pro-
prioception or a reduction in knee pain or knee joint instability (3). 
Soft braces are supposed to act on cutaneous mechanoreceptors 
that may contribute to improvements in proprioception (4). It has 
been reported that proprioception is either directly related to activity 
limitations in patients with knee OA or acts on activity limitations 
via improvement of muscle strength (5). A decrease in pain has 
also been suggested to underlie the effect of soft knee braces on 
activity limitations (6). Pain is strongly associated with activity limi-
tations in patients with knee OA (7). Tactile stimulation provided by 
a soft brace can cause neural inhibition leading to the reduction of 
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pain signals (4) and thereby to the reduction of activity limitations. 
Finally, it has been suggested that wearing a soft knee brace can 
reduce activity limitations via improvement in knee joint stability (3). 
Knee joint instability has been associated with activity limitations in 
patients with knee OA (8,9). Although a mechanical effect is not to 
be expected from a soft knee brace, it has been suggested that 
a reduction in knee joint instability could be the result of additional 
sensory input from a soft knee brace, leading to improvements in 
proprioception (4).

Thus, we hypothesized that improvements in proprioception, 
pain, or dynamic knee instability mediate the effect of wearing a 
soft knee brace on activity limitations in patients with knee OA. 
The aim of the current study was to test these hypotheses.

PATIENTS AND METHODS

Trial design. This was a secondary analysis of data for 44 
patients with knee OA who were enrolled in a laboratory- based 
experimental study. A within- subject design was used, comparing 
a soft brace with no soft brace, and comparing a non- tight brace 
with a tight soft brace (2). Mediation assumes that a precursor 
variable (i.e., soft knee brace) has an effect on a mediating variable 
(proprioception, pain, and joint instability), which in turn affects the 
outcome variable (10). To be considered a mediator, a variable 
needs to change because of an intervention and therefore must 
be measured before and after an intervention is administered (10).

Patients. Patients were recruited through telephone- based 
screening between August 2015 and April 2016. Inclusion criter-
 ia for the current study were a diagnosis of knee OA according 
to the American College of Rheumatology (ACR) clinical criteria 
(11), ages 50–80 years old, and presence of self- reported knee 
instability in the past 3 months. Self- reported knee instability was 
defined as at least 1 episode of buckling, shifting, or giving way of 
the knee (9). Exclusion criteria for the current study were total knee 
replacement and/or inflammatory arthritis (including rheumatoid 
arthritis, crystal arthropathy, septic arthritis, and spondylarthrop-
athy); radiographic patellofemoral joint OA (2); and presence of 

comorbidity resulting in severe activity limitations (e.g., a neuro-
logic condition resulting in difficulty walking).

All patients provided written informed consent according to 
the Declaration of Helsinki. Ethics approval was obtained from the 
Medical Research Ethics Committee of the VU University Medi-
cal Center Amsterdam. Data extraction from the Amsterdam- OA 
cohort was approved by the Slotervaart Hospital/Reade Institu-
tional Review Board.

Intervention. A commercially available soft knee brace 
(GenuTex A2, Human I; Centrum Orthopedie) was used. A tight 
brace was defined as one that was fitted based on shank and 
thigh circumferences measured according to instructions pro-
vided by the distributor (standard fit). A non- tight brace was 
defined as being 1 size larger than a tight brace. A full descrip-
tion of the fitting and positioning of the brace was provided in a 
previous study by our group (2).

Outcome measures. Activity limitations were assessed 
with 2 standardized physical performance tests: the 10- meter 
walk test (12) and the Get Up and Go (GUG) test (13). The 10- 
meter walk test assesses the time required to walk a distance of 
10 meters along a level and unobstructed corridor (12). Patients 
were instructed to walk as fast as possible and were timed with 
a stopwatch. The GUG test measures the time it takes for an 
individual to get up from a chair and walk 15 meters as fast 
as possible along a level and unobstructed corridor (13). The 
intraclass correlation coefficient (ICC) of the GUG test is 0.98 for 
intratester reliability and 0.98 for intertester reliability (13). The 
10- meter walk test has shown excellent interrater reliability (ICC 
0.980) in healthy older adults (14).

Potential mediators. Proprioception. Knee joint pro-
prioception was assessed by the Active Movement Extent 
 Discrimination Apparatus, which constitutes a test of an active 
joint position sense (15). Each patient had a familiarization session 
for both knees before data collection. During the familiarization 
session, the patients were informed that they were going to expe-
rience 5 knee movement displacement distances in order, from 
the smallest knee flexion (moving to position 1) to the largest knee 
flexion (moving to position 5), for 15 movements in total (3 times 
for each position). Patients thereafter undertook 30 trials, without 
feedback, at each site. The order of testing at the 2 sites, right 
knee and left knee, was randomized with computer- generated 
random sequences. During each test set, trials were presented in 
a random sequence, 6 at each of the 5 different knee movement 
displacements. Specifically, while standing upright, with eyes 
looking forward at a point on the opposite wall, patients made 
an active knee flexion movement at a steady pace from a neutral 
standing position (full knee extension) until their patella touched 
the stepper motor plate. After returning to the upright position at 
the same pace, patients gave a verbal judgment regarding the 

SIGNIFICANCE & INNOVATIONS
• This is the first study that identified mechanisms 

underlying the beneficial effect of wearing a soft 
knee brace in patients with knee osteoarthritis 
(OA).

• Decreased pain and reduced dynamic knee insta-
bility might be pathways by which wearing a soft 
knee brace decreases activity limitations in patients 
with knee OA. 

• This knowledge can be used to refine designs of 
soft knee braces intended for use in patients with 
knee OA.
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position of the knee being tested (position 1, 2, 3, 4, or 5), and the 
number of correctly identified positions of the affected knee was 
recorded and used in the analysis. The affected knee was the one 
indicated as being most painful by the patient or the knee of the 
dominant leg in the case of similar symptoms in both knees.

Pain. Knee pain during walking on a treadmill was assessed 
using an 11- point numerical rating scale (scored on an NRS), 
with higher scores representing more pain (16). The following 
question was asked during both level and perturbed walking: 
“On a scale from 0 to 10, how would you score the level of your 
left/right knee pain while walking on the treadmill?” Patients 
walked on the treadmill for ~2 minutes under both conditions. 
Data for the affected knee during level walking were used in the 
analysis. High test–retest reliability has been observed in patients 
with rheumatoid arthritis (r = 0.96) (17).

Pressure pain threshold. The pressure pain threshold (PPT) 
was assessed with a hand- held pressure algometer (Wag-
ner Instruments FDX) (18) over 3 knee test sites: 3 cm lateral to  
the midpoint on the lateral edge of the patella, 3 cm medial  
to the midpoint on the medial edge of the patella, at the center of 
the patella, and on 1 control site (on the tibialis anterior 5 cm distal 
to the tibial tuberosity). A hard rubber probe (1 cm2) was placed 
perpendicular to the skin, and pressure was applied at a steady 
pace until the patient defined the pressure as pain. The PPT was 
measured twice at each site, and the mean of the pressure in New-
tons (N) of the 2 measurements for the affected knee was used in 
the analysis (19). Excellent interrater reliability of algometry (ICC 
0.910) in measuring PPTs has been shown in healthy humans (20).

Dynamic knee instability. Dynamic knee instability was 
expressed by the perturbation response (PR) (21), a measure 
derived from the gait sensitivity norm (22). PR reflected devia-
tion in the mean knee varus–valgus angle during level walking 
after a controlled mechanical perturbation, standardized to the 
mean ± SD varus–valgus angle. Mechanical perturbations on 
the treadmill comprised 5 lateral and 5 medial translations (2- cm 
displacements) of the treadmill belts occurring during 20–50% 
of the gait cycle (23). PR values are positive values and reflect 
absolute changes. Lower PR values indicated less deviation in 
the mean varus–valgus angle during the stance phase of the 
affected (perturbed) knee. The stance phase was defined as the 
phase of the gait cycle from initial contact to toe- off. PR was 
calculated with the equation gᵢ(k) − gᵢ¯* divided by σgᵢ* to nor-
malize for physiologic variability during unperturbed walking in 
humans (22).

Equation 1: gᵢ(k) -  the mean varus/valgus angle of a perturbed 
gait cycle; gᵢ¯*-  the mean varus/valgus angle of all unperturbed gait 
cycles from a baseline, level walking trial; σgᵢ* -  SD of the gᵢ ¯*

To obtain the PR, the varus–valgus angles of the affected 
knee (perturbed leg) were calculated from marker data using 

custom- made MatLab- based software (BodyMech; www.body-
mech.nl), with anatomic coordinate systems defined according to 
those described by Cappozzo et al (24). Force plate data were 
used to determine the stance phase of the gait cycle and the tim-
ing of perturbations. Marker position data were filtered at 6 Hz 
to remove high- frequency artefacts. Force data were filtered at 
10 Hz with a second order bi- directional filter. A force threshold 
of 25N was used to establish gait events. All data were time- 
normalized to 100% of the gait cycle (from initial contact to initial 
contact). Given the natural variation in gait cycle duration within 
(and between) patients, it was necessary to use time normaliza-
tion so that a point- by- point comparison of information between 
the cycles was possible.

Other measures. The demographic and clinical character-
istics of the patients were recorded prior to testing and included 
age, sex, body mass index (BMI), duration of symptoms, average 
pain last week (16), muscle strength assessed isokinetically (Nm/
kg), knee OA radiographic severity (Kellgren/Lawrence grade) 
(25), and Western Ontario and McMaster Universities Osteoarthri-
tis Index (26,27). A full description of these measures was pro-
vided in a previous study by our group (2).

Procedure. Patients were subjected to 4 blocks of assess-
ments. In the first block, the outcome measure and studied medi-
ators were assessed while the patient was not wearing a brace. 
Proprioception and PPT were assessed in an examination room. 
Following the assessment of proprioception and PPT, the 10- 
meter walk test and the GUG test were assessed in an unob-
structed corridor. Subsequently, dynamic knee instability and pain 
(NRS) were assessed on a treadmill, which is integrated in the 
GRAIL system (MotekForce). The GRAIL system is made up of 
the treadmill with a dual belt, placed in a virtual reality environ-
ment (GRAIL system). Patients had a familiarization session on the 
treadmill that lasted at least 1 minute. Comfortable walking speed 
was determined during the familiarization session by incrementing 
the speed slowly until the speed was agreed upon by the patient. 
Following the familiarization session, patients were subjected to 2 
tasks: 1) level walking for 2 minutes and 2) walking with mechani-
cal perturbations on the treadmill. Patients were verbally informed 
about the mechanical perturbations prior to the task. During the 
walking trials, 3- dimensional movements of the lower legs, pelvis, 
and trunk were captured via markers on anatomic landmarks (24) 
at 100 Hz using a motion- capture system (Vicon).

After randomization to receive either a non- tight or a tight 
brace, patients entered the second assessment block. Out-
come measures and potential mediators were assessed while 
the patient was wearing a brace, while proprioception and PPT 
were assessed following exposure to the soft brace. The braces 
were worn for ~10 minutes in each of the intervention blocks. 
After a 30- minute rest period, the procedure crossed over to the 
third and fourth blocks of the assessments comprising a second 

PR=abs(
gi(k)−gi ∗

�gi ∗
)
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baseline trial with no brace and an intervention trial with the other 
type of soft brace (tight or non- tight). The study procedure is 

shown in Table 1.

Statistical analysis. Descriptive statistics were used to 
characterize the study population. Numbers and percents were 
used for categorical variables and means ± SDs were used for 
continuous variables. Prior to the statistical analysis, outcome 
measures were checked for normality with Shapiro- Wilk and 
Kolmogorov- Smirnov tests. Data on activity limitations were 
analyzed as person- level variables. Data on proprioception, pain 
(NRS), PPT, and dynamic knee instability were analyzed as knee- 
level variables, and data for the affected knee were used in the 
analysis. Linear mixed-effects model analysis was used to cal-
culate the main effect of wearing a soft knee brace on activity 
limitations reported in our previous study (2).

The mediation effect was analyzed under 3 conditions: 1) 
brace versus no brace, 2) tight brace versus no brace (i.e., baseline 
before tight), and 3) non- tight brace versus no brace (i.e., baseline 
before non- tight). The mediation model is shown in Figure 1. Path 
A represents the effect of wearing the brace on change in a media-

tor variable. Path B represents the association between change in 
the mediator variable and change in the dependent variable. Path 
C represents the direct effect of wearing the brace on change in 
the dependent variable, adjusted for the mediator variable. The 
mediation effect (indirect effect) was calculated based on the prod-
uct of coefficient approach (28) and on single mediator models. For 
instance, improvement of proprioception is shown to be a media-
tor of the effect of wearing the brace on reduction in activity limita-
tions if the indirect effect of wearing the brace on change in activity 
limitations (path A × path B) differs significantly from zero (28) (Fig-
ure  1). To determine the Monte Carlo 95% confidence intervals 
(95% CIs) and significance of the mediation, a bootstrap procedure 
(data re- sampling) with 5,000 re- samples was used (29). All analy-
ses were performed using SPSS software, version 22.0.

RESULTS

The mean ± SD age of the patients was 65.7 ± 9.3 years, 
the mean ± SD BMI was 29.8 ± 5.5 kg/m², and 29 (65.9%) of 
the patients were women. Full demographic and clinical charac-
teristics were described in our previous study (2). Table 2 shows 

Table 1. Study procedure*

Baseline  
assessment†

Intervention  
assessment‡

Rest,  
minutes

Baseline  
assessment 

Intervention  
assessment 

Outside the treadmill: On the treadmill: Outside the treadmill: On the treadmill:
Proprioception Dynamic knee instabil 30 Proprioception Dynamic knee instabil
PPT Pain (NRS) 30 PPT Pain (NRS)
10- minute walk test Outside the treadmill: 10- minute walk test Outside the treadmill:
GUG test 10- minute walk test 30 GUG test 10- minute walk test
On the treadmill: GUG test 30 On the treadmill: GUG test
Pain (NRS) Proprioception§ 30 Pain (NRS) Proprioception§
Dynamic knee instabil PPT§ 30 Dynamic knee instabil PPT§

* Instabil = instability; PPT = pressure pain threshold; NRS = numerical rating scale; GUG = Get Up and Go test. 
† Without a tight or a non- tight brace. 
‡ With a tight or a non- tight brace. 
§ Assessed without a soft brace applied. 

Figure 1. Mediation model. Path A represents the effect of wearing the brace on change in a mediator variable. Path B represents the 
association between change in the mediator variable and change in the dependent variable. Path C represents the direct effect of wearing the 
brace on change in the dependent variable, adjusted for the mediator variable.
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the results per outcome measure and per studied mediator in all 
3 conditions. Full results from the analysis are presented in Sup-
plementary Material 1 (available on the Arthritis Care & Research 
web site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23722/
abstract). The change scores for the 10- meter walk test and 
the GUG test were previously published (2) and, in the current 
article, are shown in both Table 2 and Supplementary Material 
1 (available on the Arthritis Care & Research web site at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23722/abstract) as “Total 
effect.” The change scores for all mediators are provided in Sup-
plementary Material 1, under the heading “path A” (available on 
the Arthritis Care & Research web site at http://onlinelibrary.wiley.

com/doi/10.1002/acr.23722/abstract).

Ten- meter walk test. For the comparison between 
wearing the brace and not wearing the brace, both decrease in 
pain (NRS) and reduction of dynamic knee instability mediated 
the effect of wearing a soft knee brace on decrease in time to 
complete the 10- meter walk test (mediated effects: B = −0.10 
[P < 0.05] and B = −0.03 [P < 0.05], respectively). These values 
correspond to a proportion mediated of 43% and 13% of the 
total effect of wearing a brace on reduction of time to complete 
the 10- meter walk test, respectively. Change of proprioception 
or PPT did not mediate this effect.

For the comparison between wearing a non- tight or a tight 
brace and not wearing the brace, decrease in pain (NRS) medi-
ated the effect of wearing a tight brace (mediation effect B = 
−0.13 [P < 0.05]) and the effect of wearing a non- tight brace 

(mediation effect: B = −0.12 [P < 0.05]) on reduction of time to 
complete the 10- meter walk test. These values correspond to 
a proportion mediated of 59% and 52% of the total effects on 
reduction of time to complete the 10- meter walk test, respec-
tively. Changes in proprioception, PPT, or dynamic knee insta-
bility did not mediate these effects.

GUG test. For the comparison between wearing the brace 
and not wearing the brace, both decrease in pain (NRS) and 
decrease in dynamic knee instability mediated the effect of wear-
ing a soft knee brace on reduction of time to complete the GUG 
test (mediation effects: B = −0.10 [P < 0.05] and B = −0.06 [P < 
0.05], respectively). These correspond to a proportion mediated 
of 44% and 26% of the total effect of wearing a brace on reduc-
tion of time to complete the GUG test, respectively. Change in 
proprioception and PPT did not mediate this effect.

For the comparison between wearing a non- tight or a tight 
brace and not wearing the brace, changes in proprioception, pain 
(NRS), PPT, or dynamic knee instability did not mediate the effect 
of wearing a tight brace on reduction of time to complete the 
GUG test. However, both decrease in pain (NRS) and decrease in 
dynamic knee instability mediated the effect of wearing a non- tight 
brace on reduction of time to complete the GUG test (mediation 
effects: B = −0.16 [P < 0.05] and B = −0.18 [P < 0.05], respec-
tively). These correspond to a proportion mediated of 42% and 
47% of the total effect of wearing a non- tight brace on reduction 
in time to complete the GUG test, respectively. Change of propri-
oception or PPT did not mediate this effect.

Table 2. Mediation effects, per condition, on the change in time (seconds) to complete the 10- meter walk test and the GUG test*

Total effect, B 
(95% CI)

Mediated effect, B (95% CI)

Proprioception Pain (NRS) PPT PR

Conditions
10- minute walk test

SB vs.no SB −0.23 (−0.31, 
−0.13)†

−0.02 −0.06, 0.01) –0.10 (–0.1, 
–0.04)†

–0.004 (–0.03, 
0.01)

–0.03 (–0.1, 
–0.01)†

TB vs. no TB −0.22 (−0.33, 
−0.10)†

−0.0001 (−0.03, 0.03) –0.13 (–0.3, 
–0.03)†

–0.003 (–0.05, 
0.05)

–0.01 (–0.1, 
–0.02)

NTB vs. no NTB −0.23 (−0.31, 
−0.14)†

−0.02 (−0.08, 0.02) –0.12 (–0.23, 
–0.03)†

–0.01 (–0.08, 0.04) –0.008 (–0.23, 
0.03)

GUG test
SB versus no SB −0.23 (−0.38, 

−0.07)†
−0.01 (−0.07, 0.01) –0.10 (–0.2, 

–0.02)†
–0.003 (–0.03, 

0.02)
–0.06 (–0.2, 

–0.01)†
TB vs. no TB −0.08 (−0.25, 0.08) −0.0004 (−0.04, 0.1) –0.008 (–0.0, 

2.01)
–0.005 (–0.03, 

0.01)
–0.005 (–0.03, 

0.01)
NTB vs. no NTB −0.38 (−0.57, 

−0.17)†
−0.001 (−0.07, 0.01) –0.16 (–0.4, 

–0.03)†
–0.03 (–0.17, 0.08) –0.18 (–0.4, 

–0.03)†

* Mediated effect is the association between wearing a brace and a change in an outcome measure via change in a mediator (path A × path 
B). Total effect is the association between wearing a brace and change in an outcome measure, accounting for all mediated effects. GUG = 
Get Up and Go; 95% CI = 95% confidence interval; NRS = numerical rating scale; PPT = pressure pain threshold; PR = perturbation response; 
SB = soft brace; TB = tight brace; NTB = non- tight brace. 
† Significant at P < 0.05. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23722/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23722/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23722/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23722/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23722/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23722/abstract
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DISCUSSION

This is the first study showing that the beneficial effect of 
wearing a soft knee brace on activity limitations in patients with 
knee OA is mediated by decreased pain and reduced dynamic 
knee instability. Reduction of pain accounted for 43% and 44% of 
the decrease in time to complete the 10- meter walk test and the 
GUG test, respectively. This effect can be explained by the tactile 
stimulation of the knee skin provided by a soft brace. Such stimu-
lation may cause neural inhibition, facilitating the entry of impulses 
through the large afferent nerve fibers (4). Consequently, such 
stimulation may lead to a reduction in transmission of pain signals 
(4). Self- reported limitations in activities in patients with knee OA 
are largely dependent on pain (7); therefore, it seems that reduced 
pain, by means of a soft knee brace, leads to walking at a higher 
speed. We did not find evidence that pain, as assessed by the 
PPT test, mediated the effect of wearing a brace on activity lim-
itations. A likely explanation could be that for practical reasons 
PPT was not measured while the patient was wearing a brace but 
instead after wearing a brace.

A reduction in dynamic knee instability accounted for 13% 
and 26% decreases in time to complete the 10- meter walk test 
and the GUG test, respectively, while wearing a brace. It has been 
suggested that the tactile stimuli of the skin mechanoreceptors 
provided by a soft brace contribute to the signaling of limb move-
ments to the brain, which processes these sensory inputs to cre-
ate perceptual representations of limb movements (30). Primary 
sensorimotor cortex activity has been shown to be influenced 
by peripheral sensory input to the knee joint by means of a soft 
brace (31). It is therefore plausible that the central nervous system 
uses this additional sensory information to elaborate on descend-
ing motor strategies (i.e., improved muscle activity), resulting in 
enhanced knee joint stability. It is plausible that improved instabil-
ity, i.e., limiting excessive joint movement, translates into an ability 
to walk faster.

Generalizability of the results to other braces will be depen-
dent on the type of knee brace. The results might be generalizable 
to other types of soft braces, because soft braces are thought to 
elicit their effects via skin stimulation and subsequent activation of 
cutaneous mechanoreceptors. The results are not generalizable 
to unloading braces, which are thought to elicit their effects via 
unloading the knee joint by mechanical realignment.

Proprioception was not shown to mediate the effects of 
wearing the soft brace on activity limitations. A possible expla-
nation is that proprioception was not measured while the patient 
was wearing the brace but instead following exposure to wearing 
a brace. It has been shown that mechanical stimulation of the 
cutaneous mechanoreceptors has lasting effects, through a phe-
nomenon called “after- discharge” (32,33). The cutaneous low- 
threshold mechanoreceptors after- discharge is said to reflect an 
inverse stimulation, in which it is the indented and/or stretched 
skin returning to its original position (in this case, via removal of the 

brace) that activates cutaneous low- threshold mechanoreceptor 
terminals, thus producing after- discharge (34). Future studies 
assessing proprioception while the patient is wearing a soft knee 
brace are required to determine whether proprioception plays a 
role in soft brace–induced effects in patients with knee OA.

Our previous study did not support the hypothesis that wear-
ing a non- tight brace will have stronger effects on activity limita-
tions compared with wearing a tight brace (2). This study showed 
similar mediation effects when the patient was wearing a tight or 
non- tight brace during the 10- meter walk test. However, improve-
ments in pain (rated on an NRS) and dynamic knee instability were 
mediators when the patient was wearing a non- tight brace during 
the GUG test but not when wearing a tight brace. It is plausible 
that a non- tight brace elicited a continuous response from cuta-
neous receptors and provided more recurrent sensory stimuli from 
the skin to the brain (4). The GUG test is a more demanding task 
than the 10- meter walk test and likely requires greater input from 
the sensorimotor system.

This study might have important implications for the design 
and manufacturing of soft knee braces. Refinements to the design 
of soft knee braces may be required in order to maximize effects 
on knee pain and knee instability. To complement the sensorimo-
tor system in providing knee joint stability, soft knee braces could 
be combined with stochastic resonance electrical stimulation. A 
soft knee brace combined with stochastic resonance has previ-
ously been shown to improve proprioception and muscle activity 
(35,36), which are key determinants of dynamic knee stability (37). 
Many patients with knee OA reported that cold aggravates their 
knee pain (38); therefore, thermal modalities in the form of fabrics 
retaining heat could be used for soft braces to further enhance the 
effect on pain (39).

Some limitations of the study should be acknowledged. 
Apart from the method of the assessments, the absence of the 
mediation effects of proprioception and PPT could be a con-
sequence of inadequate power due to the small sample size of 
the study. However, recent evidence suggests that the statis-
tical test of the indirect effect has more power than the test of 
the total effect, contradicting the belief that mediation analyses 
are normally underpowered (40). Due to our study design, it can-
not be excluded that improvement in physical function mediated 
improvement in pain and dynamic knee stability, instead of the 
other way around. Although theoretically unlikely, this limitation 
should be acknowledged. Moreover, it is important to acknowl-
edge the possibility that the mediators might have been affecting 
each other, and/or that there were additional mediating/moderat-
ing effects. Our study was not powered to assess more detailed 
models. Finally, activity limitations were assessed during level 
walking in a corridor, and dynamic knee instability was assessed 
when walking during mechanical perturbations on the treadmill. 
It is therefore not known whether dynamic knee instability would 
also be found to be a mediator when it was assessed by a differ-
ent mea sure during level walking.



CUDEJKO ET AL 1042       |

In conclusion, this study shows that decreasing pain and 
reducing dynamic knee instability are pathways by which wear-
ing a soft knee brace decreases activity limitations in patients with 
knee OA.
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Concurrent Change in Quadriceps Strength and Physical 
Function Over Five Years in the Multicenter Osteoarthritis 
Study
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Objective. Quadriceps weakness, associated with functional limitations, is a target of treatment of knee osteoar-
thritis (OA). Limited data exist on the relationship between modest strength increases and improvements in function. 
The aim of this study was to evaluate concurrent change in strength and physical function over 5 years.

Methods. Among subjects from the Multicenter Osteoarthritis (MOST) study, we excluded those with knee 
 replacement after baseline. A 3- category variable defined whether, at 5 years, knee extensor strength increased, de-
creased, or remained within 15% of baseline, a clinically important cut- off. The outcomes were the 5-times sit-to-stand 
test, 20-meter walk test, Western Ontario and McMaster Universities Osteoarthritis (WOMAC) physical function score, 
and 3 individual physical functions from WOMAC: arising from a chair, going up stairs, and getting on/off toilet. Linear 
and logistic models, stratified  by sex, evaluated associations between change in strength and change in physical 
function over 5 years. To compare weaker versus stronger women, we stratified analyses at 56 Nm baseline strength.

Results. Among 1,534 participants (60.6% women), 22% of men and 30% of women increased strength by at 
least 15% at 5 years. Compared with women whose strength did not change, women whose strength increased 
had improved chair stand performance (odds ratio 2.27 [95% confidence interval 1.56, 3.30]) but no improvement in 
other functions. In men, an increase in strength was not associated with significant improvement in physical function. 
 Similar results were observed for a 20% or 30% increase.

Conclusion. Modest improvement in quadriceps strength was associated with improved chair stand performance 
in women but not in men. Most functions did not improve with an increase in strength, and targeted interventions may 
be required to improve functional status.

INTRODUCTION

Quadriceps weakness is associated with functional limita-
tions and is a target for the treatment of knee osteoarthritis (OA) 
(1,2). However, there are limited longitudinal data on the effect of 
modest increases in strength on improvement in physical function, 
particularly in individuals with OA.

A recent systematic review and meta- analysis of 15 longitu-
dinal studies of knee extensor strength and function in individuals 
with or at risk of knee OA demonstrated that low knee extensor 

strength was associated with an increased risk of symptomatic 
and functional deterioration over periods from 1.5 years to 8 
years; however, strengthening was not evaluated (3). In addition, 
although a number of trials have evaluated strength training for 
knee OA (4–6), performance- based outcomes (7,8) usually have 
not been included. A meta- analysis of exercise therapy for knee 
OA (4) included 45 trials and showed that American College of 
Sports Medicine (ACSM)–based interventions were significantly 
better with respect to knee extensor strength gain in comparison 
to non–ACSM- based interventions. The investigators found no 
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effect of strengthening on pain and disability, which were typically 
evaluated using the Western Ontario and McMaster Universities 
Osteoarthritis (WOMAC) function and pain scores; these results 
led them to postulate that increases in knee extensor strength of 
30–40% would likely be necessary for a concomitant beneficial 
effect on pain and/or disability. Most of the trials were short- term, 
often with 8 weeks of follow- up, and lacked performance- based 
outcomes (i.e., walking or chair stands). 

A longer study with 2 years of follow- up (6) showed signifi-
cant reductions in knee pain and improvements in self- reported 
function for exercise groups compared to the non- exercise 
control groups. Another study evaluating the effect of lower 
extremity strength training on the incidence and progression of 
knee OA, with 30 months of follow- up (5), found no differences 
between treatment groups for isotonic strength at 30 months of 
follow- up, although the strength training group had a slower rate 
of decline. However, they did not experience an improvement 
in self- reported function relative to those undergoing range of 
motion exercises. This study also included individuals without 
OA, half of whom had no pain at baseline.

Because rehabilitation focuses in large part on making a per-
son stronger, we wanted to test whether increases in strength 
would improve physical function and, secondarily, whether this 
effect was present across all levels of baseline strength or only 
among individuals who were relatively weak at baseline and whose 
functional limitations may be due, in part, to their weakness. In a 
recent study (9) using cross- sectional data, we reported that the 
relationship between quadriceps strength and function is different 
in weaker women than in stronger women (threshold of ~56 Nm). 
We found that the slope of the relationship was far steeper for 
weaker women, suggesting that any increases in strength could 

potentially improve their function. Our objective was to evalu-
ate longitudinal changes in quadriceps strength and concurrent 
changes in performance- based (7) and self- reported physical 
function measures (10) over 5 years in a sample of men and 
women with or at risk of knee OA.

SUBJECTS AND METHODS

Study population. The Multicenter Osteoarthritis (MOST) 
study is a cohort study of 3,026 men and women ages 50–79 
years at baseline who are at risk of knee OA (i.e., overweight, 
obese,  history of knee injury, or frequent knee pain) or with estab-
lished knee OA. The study participants were from Birmingham, 
Alabama and Iowa City, Iowa (11). The study started in 2003, when 
study participants were interviewed by telephone and attended 
clinic visits. Further details of inclusion and exclusion criteria were 
previously published (11,12). The baseline visit included measure-
ment of height, weight, knee extensor muscle strength, and 
performance- based function and surveys on self- reported physical 
function and pain, along with radiographic evaluation. These same 
measurements and surveys were repeated at the 5- year visit.

We included participants in whom right knee extensor 
strength was measured at baseline and the 5- year visit, using an 
isokinetic dynamometer (Cybex 350) set at 60 degrees/second 
and a chair back angle of 85 degrees. After 3 practices, partic-
ipants were asked to push maximally against a pad that moved 
isokinetically in a range of 0–90 degrees. This was repeated a 
total of 4 times, and we used the maximal torque as the measure 
of strength. The MOST strength- testing protocol had an intra-
class correlation coefficient of 0.94 (range 0.82–0.99), a coef-
ficient of variation of 8% (range 6–12%), and a within- subject 
variation of 6.3 Nm (range 4.71–9.63) (13).

The standard error of measurement (SEM) was 10.2%, 
which is consistent with that observed in other studies of 
 isokinetic strength (14–17). Based on an SD of 41.94 for men 
and women together, the minimal detectable change (MDC) (18) 
in knee extensor torque in MOST was 24; for women alone (SD 
26), the MDC was 15.

We excluded participants for whom data for the 5- year visit 
were missing (n = 147), those who had knee replacement after 
baseline (n = 377), and those lacking strength data at baseline or 5 
years (n = 873). Finally, to eliminate values we believed were prob-
ably inaccurate assessments of the  person’s maximal strength, 
we excluded those with extreme values in the top or bottom 1% 
of strength at either baseline or 5 years or those whose change 
in strength was in the top or bottom 1% for their sex (n = 108).

Exposure, lower extremity muscular strength change.  
We used 15% change in a person’s strength as a clinically impor-
tant cutoff based on test–retest studies (19), and reasoning that 
in MOST, the SEM for strength is ~10%, plus a 5% probable 
decline in strength over 5 years due to aging (20). We created a 

SIGNIFICANCE & INNOVATIONS
• We conducted a unique long-term follow-up study 

of change in quadriceps strength and physical func-
tion, in a cohort of community-dwelling men and 
women with knee osteoarthritis (OA) from the Mul-
ticenter Osteoarthritis Study (MOST).

• We present results of change over 5 years in mini-
mal clinically important differences in both perfor-
mance-based and self-reported physical function 
measures.

• Among women, a 15% increase in measured quadri-
ceps strength over 5 years was associated with im-
proved chair stand performance but not walk time 
or self-reported functional limitations. Among men, 
an increase in quadriceps strength over 5 years had 
no effect on these physical function measures.

• Although quadriceps strengthening can improve 
some physical function in very weak individuals, for 
many daily tasks more targeted task-based interven-
tions may be needed to improve functional status.
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3- category exposure variable defined by whether, at 5 years, a 
participant’s right quadriceps strength (Nm) had increased 15% or 
more from baseline, decreased 15% or more, or remained within 
15% of baseline (no change). The right leg was used because 
of more complete data at the 5- year visit. Sensitivity analyses 
assessed 20% or 30% change in strength as the exposure. The 
MOST study initially included bilateral assessment of quadriceps 
strength, but the symmetry in strength was substantial (r = 0.84 
for correlation between limbs), and the burden on participants led 
us to limit measurement to the right limb only.

Outcomes, measures of physical function. Twenty- 
meter walk test. In the 20- meter walk test, study participants were 
told to walk at their usual pace from the starting point to the end. 
The mean of 2 trials was used in the analyses. We calculated the 
difference in walk times from baseline to 5 years. Walk time was 
converted to meters/second to test for a minimal clinically impor-
tant difference (MCID) change in walking pace, which was defined 
as 0.08 meters/second based on testing in older adults (21,22); 
the SEM in these studies ranged from 0.04 meters/second (21) to 
0.06 meters/second (22).

Five times sit- to- stand test. In the 5 times sit- to- stand test, 
participants stood up from a standard chair 5 times as quickly as 
they could, keeping their arms folded across their chest. We re-
corded total time in seconds using a stopwatch. The mean of 2 tri-
als was used in the analyses. We calculated the difference in chair 
stand times from baseline to 5 years. Based on an SD at baseline 
of 3.86 and an estimated reliability coefficient for 5 chair stands of 
0.80 (23), we calculated the MDC (18) and used this to estimate 
an MCID for chair stands of −1.56 seconds for improvement.

WOMAC index. We used the WOMAC physical function 
score (range 0–68) and calculated the difference in scores from 
baseline to 5 years. The MCID change was defined as a change 
of 6.1 (24). In addition, we chose a priori items from the WOMAC 
survey that involve the human body acting against gravity: going 
up stairs, rising from a chair, and getting on or off the toilet. For 
each of these, respondents answered the question “How much 
difficulty have you had…” performing the task. For each ques-
tion, possible responses were “none” (score = 0; best perfor-
mance level), “mild” (score = 1), “moderate”(score = 2), “severe” 
(score = 3), or “extreme” (score = 4; worst performance level), 
yielding an ordinal value ranging from 0 to 4 for each  WOMAC 
item. For our purposes, the MCID in the individual WOMAC 
items was defined as a change of 1 or more points.

Covariates. 1) Age. Age in years was used as a contin-
uous variable; 2) Body mass. Body mass (kg) at baseline was 
used as a continuous variable (we also calculated the difference 
from baseline to 5 years); 3) Height. Height (mm) was mea sured 
at the baseline visit; 4) Kellgren/Lawrence (K/L) score. We used 
the K/L score (range 0–4) from the baseline MOST visit to create 
a dichotomous variable indicating whether the participant had at 

least 1 knee with a score of ≥2; 5) Physical Activity Survey for the 
Elderly (PASE) (25). PASE scores are summary values calculated 
from weights and frequencies for each of the 12 types of activ-
ities described in the questionnaire. Question 1 (Q1) on page 1 
(sitting activities over the past 7 days) and Q4 on page 2 (climbed 
flight of stairs over the past 7 days) were administered as part 
of the PASE questionnaire but did not contribute to the overall 
PASE score. Q8 through Q11 included an option “Don’t know/
refused.” All such responses were converted into missing val-
ues before  calculation. If all PASE components were missing, the 
score was set to missing. No substitutions are made for missing 
or skipped questions. If at least 1 component of the score was 
not missing, then the score is calculated; 6) WOMAC pain score. 
WOMAC pain scores were calculated for each knee (range 0–20) 
at the baseline and 5- year visits. We also calculated the differ-
ence between the 5- year and baseline scores for each knee.

Statistical analysis. In this prospective longitudinal analy-
sis, we used data for subjects from the MOST study, from the 
baseline and 5- year visits. Due to differences in strength between 
men and women, all analyses were stratified by sex.

We summarized participant characteristics with frequencies 
and means. Physical function was measured with the 5 times 
sit- to- stand test, the 20- meter walk test, and WOMAC physical 
function scores. For each physical function outcome, “change” 
was calculated as the difference between the baseline value and 
the 5- year value. Generalized linear models were used to eval-
uate associations between 15% change in strength and mean 
change in each physical function outcome over 5 years. Logistic 
regression models were used to calculate the odds of an MCID 
change for each functional outcome, based on a 15% change in 
strength. In addition to stratifying by sex, we adjusted for baseline 
age, baseline body mass, and change over 5 years, WOMAC pain 
score at baseline in the right leg, and change in the WOMAC pain 
score over 5 years for each leg (26). Based on cross- sectional 
analyses in MOST (9) that suggested a threshold of strength for 
function in women but not men, we stratified analy ses at 56 Nm 
at baseline to determine whether associations differed in weaker 
versus stronger women. In analyses of WOMAC outcomes, we 
further restricted the data for each measure to include partici-
pants with scores >0 at the baseline visit, i.e., those who showed 
improvement on that measure over 5 years.

To test the robustness of our analyses, we carried out sen-
sitivity analyses using 20% and 30% change in strength for the 
exposure and restricting the analysis sample to subjects with OA 
in the right knee at baseline (K/L grade ≥2). For outcomes of mean 
change in function, we additionally tested restricting the exposure 
reference group to ±10% of change in strength, adjustment for 
the baseline K/L grade of the worse knee, and adjustment for 
baseline physical activity (PASE). Analyses were performed using 
SAS software version 9.4. An alpha value of less than 0.05 was 
considered significant.
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RESULTS

The characteristics of the participants at baseline are shown 
in Table 1. The 1,534 study participants (60.6% women) were, 
on average, 62 years of age, with a mean body mass index of 
30 kg/m2. The mean ± SD quadriceps strength in men (124 ± 
38 Nm) was higher than that in women (68 ± 23 Nm) and over 
5 years increased by 15% or more in 22% of men and 30% of 
women, while 31% of men and 23% of women had decreases 
in strength of at least 15%. Fewer than half of the participants 
had a K/L grade of ≥2 (44% of men and 43% of women), and 
89% of participants had a walking speed of ≥1 meter/second. 

The experience of pain differed across the sample, with men and 
stronger women being similar (59% of men and 52% of stronger 
women reported no pain) compared to weaker women (only 
37% reported no pain at baseline; 32% reported pain at both 

baseline and 5 years).
In men, a 15% or greater increase in strength had a mini-

mal effect on the walking pace or chair stand performance com-
pared with those whose strength did not change (Table 2 and  
Supplementary Table 1, available on the Arthritis Care & 
Research web site at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.23754/ abstract). A 15% or greater decrease in strength was 
not associated with MCID changes in function but was associ-

Table 1. Characteristics of the participants at baseline and changes in strength and function*

Men 
(n = 609)

All women 
(n = 925)

Weaker women 
(n = 295)

Stronger women 
(n = 630)

Age, years 61.5 ± 7.9 61.8 ± 7.6 64.2 ± 7.9 60.7 ± 7.3
Body mass, kg 95.7 ± 16.1 79.7 ± 15.4 78.0 ± 15.2 80.5 ± 15.4
BMI, kg/m2 30.2 ± 4.7 29.8 ± 5.7 29.7 ± 5.6 29.8 ± 5.8
White race, % 87 85 80 88
PASE score at baseline 211.6 ± 95.7 162.4 ± 74.7 155.8 ± 74.3 165.4 ± 74.7
Kellgren/Lawrence grade ≥2, % 44 43 52 39
WOMAC pain score in left knee 

(range 0–20)
Baseline 2.3 ± 3.1 2.9 ± 3.5 3.7 ± 3.9 2.5 ± 3.2
Difference at 5 years 0.1 ± 2.9 0.3 ± 3.3 0.4 ± 0.4 0.2 ± 3.0

WOMAC pain score in right knee 
(range 0–20)

Baseline 2.2 ± 2.8 3.1 ± 3.4 4.5 ± 3.8 2.4 ± 2.9
Difference at 5 years 0.0 ± 2.5 0.0 ± 3.2 −0.4 ± 3.6 0.2 ± 3.1

Knee extensor muscle strength in 
right leg at baseline, Nm

124.0 ± 37.7 68.7 ± 23.1 42.7 ± 10.0 80.9 ± 16.5

Minimum, maximum 36.0, 226.0 13.0, 126.0 13.0, 56.0 57.0, 126.0
Strength change in right leg,  

baseline to 5 years, Nm
−5.4 ± 27.3 +0.6 ± 17.4 +9.7 ± 15.1 −3.6 ± 16.7

Strength change in right leg, %
Increase ≥15% 22 30 58 17
No change (<15%)  47 47 27 56
Decrease ≥15% 31 31 15 28

Strength change in right leg, %  
(no. of subjects evaluated)

Increase ≥30% 12 (71) 18 (166) 40 (119) 7 (47)
No change (change <30%) 79 (480) 73 (679) 55 (161) 82 (518)
Decrease ≥30% 10 (58) 9 (80) 5 (15) 10 (65)

Five chair stands, seconds 10.2 ± 2.9 11.4 ± 3.1 12.8 ± 3.5 10.7 ± 2.7
20- meter walk time, seconds 15.9 ± 2.4 16.8 ± 2.9 18.0 ± 3.3 16.2 ± 2.5
Walking pace, meters/second 1.3 ± 0.2 1.2 ± 0.2 1.1 ± 0.2 1.3 ± 0.2
WOMAC physical function score, 

total score, knee (range 0–60)
10.0 ± 10.8 12.8 ± 11.6 17.3 ± 12.3 10.8 ± 10.6

* Western Ontario and McMaster Universities Osteoarthritis (WOMAC) scores range from 0 to 20; positive values represent 
increasing pain. Except where indicated otherwise, values are the mean ± SD. BMI = body mass index. PASE = Physical Activity 
Survey for the Elderly. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23754/abstract
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ated with a 0.7- second (95% confidence interval [95% CI] −0.2, 
−1.3) slower chair stands time. In women (Table 2 and Supple-
mentary Table 1, available on the Arthritis Care & Research web 
site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23754/ 
abstract), a 15% increase in strength was associated with signif-
icantly improved chair stand performance (MCID improvement 
odds ratio [OR] 2.27 [95% CI 1.56, 3.30]; mean change in time 
of 0.7 second [95% CI −1.2, −0.3]). Walking performance and 
WOMAC function scores were not associated with an increase in 
strength. A 15% decrease in strength was associated with slower 
walking time by ~0.7 second (95% CI 0.3, 1.2) and slower chair 
stand time by 0.6 second (95% CI 0.1, 1.2) (see Supplementary 
Table 1, available on the Arthritis Care & Research web site at 
http://onlin elibr ary.wiley.com/doi/10.1002/acr.23754/ abstract).

Results from analyses in women stratified by baseline 
strength are shown in Table  3 and Supplementary Table 2 
(available on the Arthritis Care & Research web site at http://
onlin elibr ary.wiley.com/doi/10.1002/acr.23754/ abstract). 
Compared with women whose strength did not change, 

among weaker women with baseline strength of ≤56 Nm, a 
15% increase in strength had little or no effect on the 20- meter 
walk time, WOMAC scores, or chair stands. Among stronger 
women with baseline strength of >56 Nm, a 15% increase 
in strength was associated with a significant improvement in 
chair stand performance (OR 2.27 [95% CI 1.33, 3.88]; mean 
change −0.6 seconds [95% CI −1.3, 0.0]) and in “going up 

stairs” (OR 2.01 [95% CI 1.01, 3.99]).
Sensitivity analyses of 20% and 30% change in strength 

showed similar results in models of mean change (see Sup-
plementary Tables 3 and 4, available on the Arthritis Care & 
Research web site at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.23754/ abstract). When we restricted the sample to those 
with baseline radiographic knee OA (K/L grade ≥2) in the right 
knee, we observed similar trends in the results, although use 
of the smaller sample resulted in wider CIs and no significant 
associations. In models with mean change outcomes, neither 
the baseline PASE score nor the baseline K/L grade was a signif-
icant predictor when added to the analytic model.

Table 2. Association of change in strength with physical function, stratified by sex*

Physical function

Strength change over 5 years

Increase ≥15%
No change 

(<15% change) Decrease ≥15%

Men
Walking pace over 20 meters 0.97 (0.62, 1.52) 1.0 (Ref.) 0.76 (0.50, 1.16)
Chair stands time 0.84 (0.49, 1.43) 0.56 (0.33, 0.97)
WOMAC physical function score 0.98 (0.49, 1.95) 0.76 (0.39, 1.49)
WOMAC item

Going up stairs 0.75 (0.38, 1.48) 1.13 (0.59, 2.14)
Rising from chair 1.46 (0.77, 2.79) 1.21 (0.65, 2.27)
Getting on or off toilet 1.22 (0.54, 2.76) 1.24 (0.57, 2.70)

Women
Walking pace over 20 meters, 

 meters/second
0.94 (0.68, 1.31) 1.0 (Ref.) 0.65 (0.44, 0.94)

Chair stands time 2.27 (1.56, 3.30) 1.01 (0.63, 1.61)
WOMAC physical function score 1.29 (0.82, 2.04) 0.67 (0.38, 1.19)
WOMAC item

Going up stairs 1.26 (0.81, 1.96) 0.90 (0.53, 1.52)
Rising from chair 1.12 (0.73, 1.72) 0.73 (0.44, 1.23)
Getting on or off toilet 0.84 (0.50, 1.40) 0.56 (0.31, 1.00)

*All analyses were stratified by sex and adjusted for baseline age, baseline body mass, and change in body 
mass over 5 years, Western Ontario and McMaster Universities Osteoarthritis (WOMAC) pain score at baseline 
(right leg), and change in WOMAC pain score for each leg (from baseline to 5 years). WOMAC analyses were 
restricted to individuals with scores >0 at baseline. Maximum likelihood parameter estimates are the odds of 
minimal clinically important difference (MCID) change over 5 years for each outcome according to categories 
of change in strength (over 5 years): MCID change in meters/second walking pace (0.08 meters/second); MCID 
change in execution time for 5 chair stands in seconds (−1.56 second); MCID change in WOMAC physical func-
tion score (absolute change −6.1 of 68); and for individual WOMAC items, improvement of at least 1 point on 
the ordinal scale. The numbers of men in the increase, no increase, and decrease groups were 132, 289, and 
188, respectively; the numbers of women were 276, 540, and 218, respectively. Values are the odds ratios (with 
95% confidence intervals) for MCID change in physical function over 5 years.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23754/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23754/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23754/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23754/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23754/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23754/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23754/abstract
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DISCUSSION

In this community- dwelling population of individuals with or 
at risk of knee OA, an increase in measured quadriceps strength 
over 5 years was not associated with improved walking or chair 
stand time or self- reported physical function in men. An increase 
in strength was associated with improved chair stand performance 
and “going up stairs” in women but not improved walk time or 
other self- reported functional limitations on the WOMAC index. 
For both men and women, decreases in strength were associ-
ated with worsening function. These results are expected for timed 
chair stands, because increases in strength, particularly in weaker 
individuals, would be most likely to affect objective performance, 
whereas usual walking time is less likely to be associated with 
increases in strength. In addition, our results are consistent with 
those of other studies showing that decreases in muscle strength 
are associated with worsening physical performance (3).

Most other studies that evaluated increases in strength did 
so in the context of a trial with a strength training intervention. In a 
small 8- week trial of strength training in frail nonagenarians, (27), 

10 elderly adult men and women experienced a mean ± SEM 
strength gain of 174 ± 31%. Assuming that increases in strength 
at least partially mediate improved functional outcomes (28), we 
note that in this trial (27) “habitual gait” speed was not significantly 
improved (consistent with our results), but a few participants had 
an improved ability to do a chair stand (27). In our sample from the 
MOST cohort, we observed changes in strength over 5 years and 
note that 22% of men and 30% of women increased their baseline 
strength by 15% or more. We also observed slight improvements 
in some performance- based measures with even a modest 15% 
increase in strength, in contrast to studies in which it was con-
cluded that increases of 30–40% would be necessary for func-
tional improvements (4). In our sample, 12% of men and 18% of 
women showed improvements of ≥30% in strength over 5 years. 
In sensitivity analyses using exposures of 30% change in strength 
in women, results were similar to those of our primary analyses of 
changes of 15% or more in strength (see Supplementary Tables 
3 and 4, available on the Arthritis Care & Research web site at 
http://onlin elibr ary.wiley.com/doi/10.1002/acr.23754/ abstract). In 
men, a 30% increase in strength was associated with significantly 

Table 3. Association between change in strength and physical function in women, stratified by strength*

Physical function

Strength change over 5 years

Increase ≥15%
No change 

(<15% change) Decrease ≥15%

Weaker women 
Walking pace over 20 meters 0.86 (0.48, 1.57) 1.0 (Ref.) 0.46 (0.18, 1.12)
Chair stands time 1.56 (0.82, 2.97) 0.78 (0.29, 2.13)
WOMAC physical function score 0.98 (0.46, 2.09) 1.06 (0.34, 3.27)
WOMAC item

Going up stairs 0.80 (0.38, 1.69) 0.52 (0.16, 1.66)
Rising from chair 1.11 (0.52, 2.36) 0.42 (0.13, 1.42)
Getting on or off toilet 0.79 (0.33, 1.88) 0.65 (0.17, 2.56)

Stronger women 
Walking pace over 20 meters 0.82 (0.51, 1.32) 1.0 (Ref.) 0.70 (0.46, 1.07)
Chair stands time 2.27 (1.33, 3.88) 1.09 (0.64, 1.86)
WOMAC physical function score 1.34 (0.67, 2.71) 0.54 (0.27, 1.09)
WOMAC item

Going up stairs 2.01 (1.01, 3.99) 1.02 (0.55, 1.88)
Rising from chair 1.52 (0.79, 2.90) 0.81 (0.46, 1.44)
Getting on or off toilet 0.95 (0.39, 2.31) 0.46 (0.24, 0.90)

* All analyses were stratified by sex and adjusted for baseline age, baseline body mass and change in 
body mass over 5 years, WOMAC pain score at baseline (right leg), and change in WOMAC pain score for 
each leg (baseline to 5 years). WOMAC analyses were restricted to individuals with scores >0 at baseline. 
Maximum likelihood parameter estimates are the odds of MCID change over 5 years for each outcome 
according to categories of change in strength (over 5 years): MCID change in meters/second walking pace 
(0.08 meters/second); MCID change in execution time for 5 chair stands in seconds (−1.56 second); MCID 
change in WOMAC physical function score (absolute change −6.1 of 68); and for individual WOMAC items, 
improvement of at least 1 point on the ordinal scale. Weaker women were defined as those with baseline 
strength of ≤56 Nm. Stronger women were defined as those with baseline strength of >56 Nm. The num-
bers of weaker women in the increase, no change, and decrease groups were 171, 80, and 44, respective-
ly; the numbers of stronger women were 105, 351, and 174, respectively. Values are the odds ratios (with 
95% confidence intervals) for MCID change in physical function over 5 years. See Table 2 for definitions. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23754/abstract
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increased odds of a MCID change in “getting on or off toilet” (OR 
2.95 [95% CI 1.09, 7.98]), and a 30% decrease in strength was 
associated with significant worsening in “rising from a chair” (OR 
2.51 [95% CI 1.01, 6.21]).

Although our results indicate that improvement in quadri-
ceps strength may be associated with improvements in some 
functional performance measures, the lack of associations 
likely indicates that achieving improvements in functional 
status requires more than simply addressing strength impair-
ments. Task- specific training in rehabilitation (29) focuses on 
goal- directed practice and repetition of specific task(s) and 
may yield improvements in pain and function for some individ-
uals who have not benefited from more- traditional approaches. 
Older adults with knee OA who participated in walking training 
have improved their walking speed and activity level but not 
other functional limitations such as chair stands or stair ascent 
or impairments such as pain or weakness (30). In a study of 
adults older than age 70 years, comparing power training to 
a walking program, walk time and physical performance did 
not improve, but power training improved muscle power (31). 
These examples validate the importance of specificity of train-
ing and demonstrate the need for function- specific interven-
tions to effectively improve functional limitations.

The MOST study has several key strengths for this type of 
analysis. Our study is unique in its long duration of follow- up 
and in its inclusion of performance measures that included 
those likely dependent on quadriceps strength (chair stand) 
and those not as dependent (walk time) and on selected 
self- reported function measures that depend on quadriceps 
strength. We were able to follow participants for 5 years and 
to include both men and women. These individuals represent 
a community- dwelling sample of persons who are neither 
severely disabled nor extremely healthy but rather spans a 
range of performance. The sample size is also large compared 
to that in many strength trials in older adults. Knee extensor 
strength was measured using an isokinetic dynamometer, 
measuring knee strength while the leg is in motion rather than 
pressing against a static instrument and therefore represents 
a more functionally relevant and better- tolerated measure than 
isometric strength. We were able to include both performance- 
based measures of function and self- reported WOMAC mea-
sures and to adjust for pain at both baseline and 5 years.

There were a number of limitations to our study. As in any 
observational study, residual confounding may exist. We also 
lacked strength data for several MOST participants at 5 years, 
which caused them to be eliminated from this sample, although 
we still had a large sample. The walk test was self- selected at 
“usual” gait speed, which is less likely to be driven by mus-
cle strength, and chair stand performance is better related to 
quadriceps muscle power than to strength. Self- reported physi-
cal function frequently represents what individuals perceive they 
can do rather than what they can actually do.

In summary, in the current study in adults ages 50–79 years 
with or at risk of knee OA, we observed that an increase in 
quadriceps strength was associated with improved chair stand 
performance in women but was not associated with improved 
walk time or self- reported functional limitations. An increase in 
strength was not associated with change in performance- based 
physical function in men. Modest strength improvements may 
have limited effects on common functions. Targeted interven-
tions may be required to improve functional status.
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Statin Use and Knee Osteoarthritis Outcomes:  
A Longitudinal Cohort Study
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Objective. Statins have several pleiotropic effects, but the literature regarding the possible relationship between 
use of statins and outcomes in knee osteoarthritis (OA) is limited. The aim of this study was to investigate whether 
statin use is associated with a lower risk of radiographic OA (ROA), radiographic symptomatic knee OA, and pain in 
North American individuals.

Methods. A total of 4,448 community- dwelling adults from the Osteoarthritis Initiative were followed for 4 years. 
Statin use (including the time from baseline and the type of statin) was defined through self- report information and 
confirmed by a trained interviewer. Knee OA outcomes included incident ROA, symptomatic knee OA (new onset of a 
combination of a painful knee and ROA), and knee pain worsening (i.e., a Western Ontario and McMaster Universities 
Osteoarthritis Index difference between baseline and each annual examination ≥14%).

Results. At baseline, 1,127 participants (25.3% of the total population) used statins. Based on a multivariable 
Poisson regression analysis with robust variance estimators, any use of statins was not associated with a lower risk 
of pain worsening (relative risk [RR] 0.97, 95% confidence interval [95% CI] 0.93–1.02), incident ROA, or symptomatic 
knee OA. However, statin use for more than 5 years (RR 0.91, 95% CI 0.83–0.997) and use of atorvastatin (RR 0.95, 
95% CI 0.91–0.996) were associated with a reduced risk of developing pain, while rosuvastatin use was associated 
with a higher risk (RR 1.18, 95% CI 1.12–1.24). Analysis with adjustment for the propensity score confirmed these 
findings.

Conclusion. The effect of statin use on knee OA outcomes remains unclear, although in our study, a significantly 
lower risk of developing knee pain was observed in individuals using statins for >5 years and those using atorvastatin.

INTRODUCTION

Statins are competitive inhibitors of hydroxymethylglutaryl- 
coenzyme A reductase, an enzyme involved in cholesterol bio-
synthesis (1). These medications are commonly used to treat 
hypercholesterolemia (1,2). In addition to the primary indication for 
statins, there is growing evidence that statins also have important 
pleiotropic effects, such as improvement in endothelial dysfunc-

tion, stabilization of atherosclerotic plaques, increased nitric oxide 
bioavailability, antioxidant properties, and inhibition of inflamma-
tory responses (1,3).

Inflammation plays a pivotal role in the development and pro-
gression of knee osteoarthritis (OA) (4,5), which is the most com-
mon form of OA worldwide (6). It has been reported that statins 
have multiple effects on inflammation at the cellular and extracel-
lular levels, including reduction in inflammatory cytokines and T 
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cell activation (7). Given that many of these systems are influential 
in OA, it is possible that statins may have a role in altering the 
course of progression of knee OA and its symptomatology, which 
may be counteracted by the well- known muscle aches that devel-
oped during long- term statin use. In fact, statin use has a well- 
established side effect of muscle ache, and statins exacerbate 
declines in muscle performance and lead to an increase in the 
risk of falls, which are associated with aging, without a significant 
decrease in muscle mass (8).

The literature regarding the effect of statins on OA outcomes 
(such as progression and pain) is, however, limited to a few stud-
ies. In the Rotterdam Study, 2,921 older participants were fol-
lowed over 6.5 years. In that study, statin use was associated 
with more than a 50% reduction in overall progression of knee 
OA (9). However, in another large cohort with a follow- up of 8 
years, older women taking statins at baseline were found to be 
at increased risk of hip OA (10), although the investigators did 
not report any data regarding knee OA. Although these studies 
have advanced our knowledge regarding the effect of statin use 
in OA, some limitations and unanswered questions persist. First, 
only a radiography- based diagnosis of OA was used. Therefore, 
the effect of statins on pain due to OA is not known but could 
be of clinical importance (11). Second, the number of covariates 
used for adjustments was generally low, thus introducing possi-
ble residual confounding in these findings. Finally, these studies 
did not use propensity score matching, a method that seems 
the most appropriate for comparing the effect of medications in 
observational studies (12).

Given this background, we sought to investigate whether 
statin use is associated with a lower risk of radiographic OA 
(ROA), symptomatic knee ROA, and worsening of pain due to 
knee OA, in a large cohort of North American individuals followed 
for 4 years.

SUBJECTS AND METHODS

Data source and subjects. Data were obtained from 
the Osteoarthritis Initiative (OAI) database (http://www.oai.
ucsf.edu/). Within the OAI, participants were recruited across 

4  clinical sites in the US (Baltimore, MD; Pittsburgh, PA; 
 Pawtucket, RI; and Columbus, OH) between February 2004 
and May 2006. In this project, individuals were included if they 
1) had knee OA with knee pain for a 30- day period in the past 
12 months or 2) were at high risk of developing knee OA (e.g., 
obese/overweight, family history of knee OA) (13). The data 
were collected at baseline and during screening evaluations 
and in subsequent evaluations until 4 years of follow- up. All 
participants provided written informed consent. The OAI study 
was given full ethics approval by the institutional review board 
of the OAI Coordinating Center at the University of California, 
San Francisco.

Use of statins (exposure). Statin use was assessed at 
baseline, using a specific questionnaire investigating the name 
of the prescription medicine, duration of use, and formulation 
code during the 30 days before the interview. Trained inter-
viewers checked the medications used by each participant. 
Questions about use of the following statins were included 
in the interview: rosuvastatin, atorvastatin, lovastatin, simva-
statin, pravastatin, and fluvastatin. The duration of use of 
these medications was recorded in the OAI database at the 
baseline evaluation and categorized as <1 month, between 1 
month and <1 year, between 1 year and <3 years, between 3 
years and <5 years, and >5 years. Statin use during follow- up 
was also recorded and used in the analysis.

Assessment of knee OA outcomes. At baseline and 
during follow- up examinations, individuals underwent full knee 
assessments that included both a clinical and radiographic 
examination. Those with a knee replacement at baseline were 
removed from all analyses. A fixed- flexion anteroposterior radio-
graph, which was read centrally for Kellgren/Lawrence (K/L) 
grade, was obtained for all participants. In addition, partici-
pants were asked about knee pain, with the following question: 
“During the past 30 days, have you had pain, aching, or stiff-
ness in your right/left knee on most days?” Knee pain was also 
assessed using the Western Ontario and McMaster Universities 
Osteoarthritis (WOMAC) pain subscale. This scale ranges from 0 
(absence of pain) to 20 (greatest pain).

The knee outcomes of interest for this study included 1) 
incident ROA, if a knee developed a K/L grade ≥2 at follow- up 
that was not present at baseline, 2) incident symptomatic OA, 
defined as new onset of a combination of a painful knee plus 
the presence of ROA in the same knee, and 3) incident knee 
pain worsening, i.e., difference in the WOMAC pain score in a 
knee between baseline and each annual examination of ≥14% 
or the onset of pain during follow- up in individuals having a 
score of zero at baseline, in accordance with previous research 
(14,15). Aside from the baseline evaluation, assessments of 
these knee OA outcomes were performed at 12 months, 24 
months, 36 months, and 48 months.

SIGNIFICANCE & INNOVATIONS
• Information regarding the effects of statin use on 

knee osteoarthritis (OA) outcomes is still limited.
• In our study, we found that statins were not associ-

ated with a reduced risk of future pain in individu-
als with or at risk of knee OA.

• In individuals using statins for more than 5 years 
and those using atorvastatin, a significantly lower 
risk of future pain due to knee OA was observed.

• No effect was observed for incident symptomatic 
knee OA or radiographic forms of knee OA.

http://www.oai.ucsf.edu/
http://www.oai.ucsf.edu/
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Covariates. Ten covariates at baseline (other than age 
and sex) were identified as potential confounding factors based 
on previous literature (16). These covariates included race (white 
versus other); educational attainment (college or higher versus 
other); body mass index (BMI); yearly income (less than versus 
greater than or equal to $50,000, or missing data); depressive 
symptoms assessed using the Center for Epidemiologic Studies 
Depression Scale (CES- D) (17); smoking habits; physical activity 
evaluated using the total score for the Physical Activity Scale for 
the Elderly (18); Charlson comorbidity index score (19), a validated 
general health measure of self- reported comorbidities; the num-
ber of medications used; and maximum knee extension strength 
(between the left and right lower limbs for each leg) after 3 trials 
for each side. Statin use during follow- up was also recorded and 
used as a covariate.

Statistical analysis. Data for continuous variables were 
normally distributed according to the Kolmogorov- Smirnov test. 
Data are presented as the mean ± SD for quantitative measures 
and percentages for all categorical variables according to use or 
no use of statins at baseline. P values were calculated using an 
independent t- test for continuous variables and a chi- square test 
for categorical parameters.

To assess the relationship between statin use and the out-
comes (ROA, symptomatic knee OA, pain worsening), a multivar-
iable Poisson regression analysis with robust variance estimators 
was applied, because a survival analysis was not possible due 
to lack of information on the precise date of the event. The fully 
adjusted model included age, sex, race (white versus other); edu-
cation (degree versus other); body mass index (as a continuous 
variable), yearly income (categorized as less than $50,000 or 
$50,000 or more, and missing data), the CES- D, smoking  habits 
(current and previous versus other); Physical Activity Scale for the 
Elderly score (as a continuous variable), Charlson co- morbidity 
index, number of medications used, use of statins during the 
follow- up period, and maximum knee extension.  Multicolinearity 
among covariates was assessed using the variance inflation 
 factor (20), with a cutoff of 2 used as the criterion for exclusion. 
No covariates were excluded using this criterion. Adjusted relative 
risks (RRs) and 95% confidence intervals (95% CIs) were calcu-
lated to estimate the strength of the associations between statin 
use and incident knee OA outcomes.

We ran several sensitivity analyses assessing the associa-
tion between statin use and incident knee OA outcomes. First, 
we used propensity score matching, which is a statistical match-
ing technique used to attempt to estimate the effect of a treat-
ment by accounting for the covariates that predict receiving the 
treatment (12). The propensity score, divided into quintiles, was 
estimated by using a logistic regression model regressing base-
line statin use on the above- mentioned covariates. Second, we 
performed an analysis using the periods of use of statins from 
the baseline evaluation (as defined above) to represent expo-

sure. Finally, we used the type of statin (rosuvastatin, atorvas-
tatin, lovastatin, simvastatin, pravastatin, or fluvastatin) as the 
exposure. In all of these elaborations, individuals not using stat-
ins were used as the reference group.

P values less than 0.05 were considered significant. All 
analyses were performed using SPSS version 17.0 for Windows 
and Stata version 14.1.

RESULTS

Sample selection. The OAI data set initially included a 
total of 4,796 individuals. We excluded 63 subjects with a total 
knee replacement at baseline (because they cannot develop 
any of the outcomes of interest) and a further 285 subjects with 
no data regarding the outcomes of interest during follow- up, 
 obtaining a final sample of 4,448 subjects.

Descriptive characteristics. The cohort consisted 
of 2,584 women (58.1% of the final sample) and 1,864 men 
(41.9% of the final sample) with a mean ± SD age of 61.1 ± 
9.2 years (range 45–79 years). Among the entire cohort, 1,127 
participants (25.3% of the final sample) used statins at base-
line, mainly for a period of time between 1 month and 1 year 
(10.4%) from baseline. The statin that was most frequently 
used was atorvastatin, used by 603 individuals (13.6%). At 
baseline, 2,512 subjects had knee ROA (56.5% of the baseline 
population) and, of these, 1,082 had symptomatic knee OA 
(24.3%).

Table 1 shows the baseline characteristics of the subjects 
according to statin use. Compared to the 3,321 persons not 
using statins, individuals using statins were older and were more 
likely to be male, sedentary, white, and smokers. Subjects using 
statins had a higher BMI, a higher number of co- morbidities, and 
used a greater number of medications. Finally, the prevalence 
of knee ROA was significantly higher in individuals using statins 
(59.4 versus 55.5; P = 0.02), and these individuals reported a 
higher WOMAC pain score in both knees (P = 0.001 for the right 
knee and P = 0.002 for the left knee). However, no difference was 
observed for the prevalence of symptomatic knee OA (Table 1).

Statin use and incident knee OA outcomes. Dur-
ing the 4 years of follow- up, ROA developed in 431 individu-
als. Of these, 201 had symptomatic knee OA. Pain worsening 
was reported by 3,678 subjects. As shown in Table 2, during 
a mean follow- up period of 4 years, after adjusting for poten-
tial confounders at baseline and statin use during follow- up, no  
significant differences between statin use and not were observed 
for pain worsening (RR 0.97, 95% CI 0.93–1.02, P = 0.23), 
incident knee ROA (RR 1.31, 95% CI 0.83–2.09, P = 0.25) or  
symptomatic knee OA (RR 0.97, 95% CI 0.87–1.09, P = 0.63). 
Adjustment for the propensity score substantially confirmed 

these findings.
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As shown in Table 3, we assessed the association between 
the period of time during which statins were used and incident 
knee OA outcomes. Only use for a period of more than 5 years 
was associated with a decrease in pain during the follow- up 
period (RR 0.91, 95% CI 0.83–0.997, P = 0.04 in the fully adjusted 
model; RR 0.90, 95% CI 0.82–0.993, P = 0.03 after adjusting for 
the propensity score). We did not observe any significant associ-
ations between statin use and radiographic or symptomatic knee 

OA for the other periods of use included (Table 2).
Regarding individual agents, atorvastatin was the only statin 

associated with a lower risk of pain worsening (RR 0.95, 95% 
CI 0.91–0.996, P = 0.03), while rosuvastatin was associated 

with a higher risk of pain worsening (RR 1.18, 9% CI 1.12–1.24, 
P < 0.0001), as shown in Figure 1. No statin was associated with 
a significant effect on incident ROA or symptomatic knee OA 
(Veronese N: unpublished observations).

DISCUSSION

The results of this large longitudinal study, which was con-
ducted over a 4- year follow- up period, suggest that statin use is 
not associated with a lower risk of pain worsening, symptomatic 
knee OA, and knee ROA at the time of statin use, and the types of 
statin were not taken into account. However, the use of statins for 

Table 1. Characteristics of the subjects, classified according to baseline use of statins*

Statin use 
(n = 1,127)

No statin use 
(n = 3,321) P 

General characteristics
Age, mean ± SD years 64.3 ± 8.4 60.0 ± 9.2 <0.0001
Male sex, % 46.9 40.2 <0.0001
PASE score, mean ± SD points 149 ± 75 167 ± 84 <0.0001
White race, % 82.1 79.5 0.05
Smoking (previous/current), % 51.3 45.3 0.001
Graduate degree, % 30.3 31.3 0.55
Yearly income $50,000 or more, % 57.8 60.1 0.34
Knee extension, mean ± SD Nm 356 ± 129 356 ± 133 0.93

Medical characteristics
BMI, mean ± SD kg/m2 29.5 ± 4.4 28.3 ± 4.9 <0.0001
CES- D, mean ± SD points 6.3 ± 6.3 6.6 ± 7.1 0.20
Charlson co- morbidity index, mean ± SD points 0.6 ± 1.0 0.3 ± 0.8 <0.0001
No. of medications, mean ± SD 4.5 ± 2.6 2.4 ± 2.5 <0.0001

OA characteristics at baseline
ROA, % 59.4 55.5 0.02
Symptomatic OA, % 25.4 24.0 0.36
WOMAC pain score in right knee, mean ± SD 0.5 ± 0.5 0.4 ± 0.5 0.001
WOMAC pain score in left knee, mean ± SD 0.5 ± 0.5 0.4 ± 0.5 0.002

* PASE = Physical Activity Scale for Elderly; BMI = body mass index; CES- D = Center for Epidemiologic Studies Depression 
Scale; OA = osteoarthritis; ROA = radiographic OA; WOMAC = Western Ontario and McMaster Universities Osteoarthritis.

Table 2. Association between baseline use of statins and incident knee OA*

No. of events/no. of  
subjects, %

Fully adjusted model,  
RR, 95% CI† P

Propensity score 
model,  

RR, 95% CI‡ P

Pain worsening 3,678/4,448 (82.7) 0.97 (0.93–1.02) 0.23 0.97 (0.93–1.02) 0.24
ROA 431/1,936 (22.2) 1.31 (0.83–2.09) 0.25 1.41 (0.86–2.32) 0.17
Symptomatic OA 201/3,364 (5.9) 0.97 (0.87–1.09) 0.63 0.98 (0.88–1.11) 0.78

* OA = osteoarthritis; RR = relative risk; 95% CI = 95% confidence interval. 
† Covariates included age (as a continuous variable), sex, race (white versus other), education (degree versus other), body mass index (as 
a continuous variable), annual income (categorized as less than $50,000 or $50,000 or more, and missing data), Center for Epidemiologic 
Studies Depression Scale, smoking habits (current/previous versus other), Physical Activity Scale for Elderly score (as a continuous variable), 
Charlson co- morbidity index, number of medications used, use of statins during the follow- up period, and maximum knee extension. 
‡ The covariate was the propensity score, divided into quintiles. 
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more than 5 years from baseline and use of atorvastatin were asso-
ciated with reduced pain worsening  while, vice versa,  rosuvastatin 
to a higher risk.

It was previously reported that, for several reasons, stat-
ins may have some positive effects on knee OA outcomes. 

First, the antiinflammatory effect can contribute to the reduc-
tion in pain worsening during follow- up that we observed. 
However, the effect of statins on musculoskeletal pain is 
probably contradictory and can overcome the antiinflamma-
tory properties of these medications. It is traditionally known 

Table 3. Association between duration of statin use and incident knee OA outcomes*

Fully adjusted model† P Propensity score model‡ P

Pain worsening
<1 month 0.95 (0.84–1.08) 0.50 0.96 (0.85–1.09) 0.56
1 month to 1 year 0.96 (0.91–1.02) 0.19 0.96 (0.91–1.02) 0.18
1–3 years 1.05 (0.995–1.12) 0.07 1.06 (0.996–1.18) 0.07
3–5 years 0.96 (0.89–1.04) 0.35 0.96 (0.89–1.05) 0.40
>5 years 0.91 (0.83–0.997) 0.04 0.90 (0.82–0.993) 0.03

Radiographic OA 
<1 month 0.85 (0.19–3.76) 0.83 0.92 (0.22–3.82) 0.91
1 month to 1 year 1.32 (0.76–2.31) 0.32 1.45 (0.80–2.64) 0.22
1–3 years 1.26 (0.63–2.49) 0.51 1.33 (0.68–2.66) 0.42
3–5 years 1.31 (0.59–2.88) 0.51 1.32 (0.58–3.02) 0.50
>5 years 1.49 (0.74–3.01) 0.26 1.64 (0.80–3.37) 0.18

Symptomatic OA 
<1 month 0.88 (0.66–1.16) 0.35 1.10 (0.82–1.47) 0.53
1 month to 1 year 0.96 (0.84–1.11) 0.61 0.97 (0.84–1.12) 0.66
1–3 years 1.01 (0.85–1.20) 0.89 1.01 (0.85–1.21) 0.87
3–5 years 1.02 (0.84–1.25) 0.85 1.03 (0.84–1.27) 0.75
>5 years 0.93 (0.74–1.16) 0.50 0.90 (0.72–1.12) 0.35

* Values are the relative risk (95% confidence interval). The reference group was subjects not using statins. OA = osteoarthritis. 
† Covariates included age (as a continuous variable), sex, race (white versus other), education (degree versus other), body mass 
index (as a continuous variable), annual income (categorized as less than $50,000 or $50,000 or more, and missing data), Center 
for Epidemiologic Studies Depression Scale, smoking habits (current/previous versus other), Physical Activity Scale for Elderly score 
(as a continuous variable), Charlson co- morbidity index, number of medications used, use of statins during the follow- up period, 
and maximum knee extension. 
‡ The covariate was the propensity score, divided into quintiles. 

Figure 1. Association between type of statin and pain worsening during follow- up, adjusted for the propensity score in quintiles. Values are 
the relative risks and 95% confidence intervals (95% CIs), adjusted for the propensity score. The reference group was subjects not using statins. 
RR = relative risk. 



EFFECT OF STATINS ON KNEE OA OUTCOMES |      1057

that statins might lead to muscular pain as a side effect (21), 
but a large ran domized controlled trial (RCT) in patients with 
rheumatoid arthritis demonstrated that atorvastatin signifi-
cantly reduced pain, mainly due to a reduction in inflamma-
tion parameters (22). The association between statins and a 
decrease in pain has been confirmed in other observational 
studies (23). The data for OA are, however, more limited. In a 
longitudinal study in 16,609 adults with previous cardiovas-
cular disease who were followed for 10 years, a higher ther-
apeutic dose of statins and a longer treatment duration were 
associated with a reduction in clinically defined OA outcome 
(24). Unfortunately, the diagnosis of knee OA in that study 
was made through administrative data, limiting the reliability 
of the results (24).

Therefore, future studies (particularly RCTs) are needed to 
understand whether statin use can really decrease pain in indi-
viduals affected by knee OA. Second, statins may positively 
affect subchondral bone, another part that is usually damaged 
in knee OA (25). Damaged subchondral bone in OA may result 
in vascular disease (particularly in small vessels), with localized 
vascular hypertension and ischemia that can further worsen 
disease progression (26). Because statins cause vasodilata-
tion and have antiatherosclerotic effects, it is likely that these 
properties balance the negative effect on subchondral bone 
(7). However, subchondral bone is better visualized through 
magnetic resonance imaging; therefore, we were unable to 
confirm the possible role of statins on this structure in our 
study.

Another interesting finding of our research is that statins 
did not decrease the incidence of symptomatic or knee ROA, 
which is in contrast to the findings of earlier cohort studies 
(9,24). We can hypothesize that some methodologic aspects 
can influence these results. For example, the OAI includes 
only individuals with or at high risk of knee OA. Furthermore, 
the diagnostic criteria used for the definition of symptomatic 
and knee ROA and the covariates used for adjustment in the 
analyses differed between studies. Due to the importance of 
these outcomes, future studies are needed to better under-
stand whether statins are able to modify the natural history of 
knee OA.

Finally, we observed that statin use for more than 5 years 
was associated with a lower risk of pain worsening. Overall, 
our research confirmed previous findings from large RCTs of 
cardiovascular disease and hypercholesterolemia, indicating 
that a benefit of statins remains for more than 5 years and 
linearly increases with the duration of use (27). Similarly, we 
observed that individuals receiving atorvastatin at baseline 
had a significantly decreased risk of pain worsening (~5%). 
Atorvastatin is a lipophilic statin (28), and it is known that, in 
in vitro models, lipophilic statins can block cartilage collagen 
breakdown induced by proinflammatory cytokines and down- 
regulate key cartilage- degrading enzymes in bovine nasal 

cartilage (29). The investigators in that study, however, found 
these interesting effects for only 2 other lipophilic statins (sim-
vastatin and mevastatin), for which we failed to find any sig-
nificant association. Therefore, other research is needed to 
confirm/refute our findings and to understand whether or not 
the effect of lovastatin on pain worsening is unusual. At the 
same time, another potent statin (rosuvastatin) increased the 
risk of pain worsening due to knee OA, suggesting that hydro-
philic statins may lead to an increase in pain more frequently 
than lipophilic statins. However, other studies are needed to 
confirm our findings.

The strengths of our study are the long duration of fol-
low- up, the several knee OA outcomes assessed, and the 
large sample size. However, our findings should be interpreted 
with some limitations. First, the participants in the OAI are at 
high risk or already had knee OA. Thus, our results are not 
generalizable to the general population. Second, the observa-
tional nature of our findings can introduce another bias in our 
results, although we tried to correct this limitation using analy-
ses adjusted for potential confounders and for the propensity 
score. Third, most of the individuals receiving statins reported 
using statins for a period time between 1 month and 1 year, 
which is probably a length of time that is too short to allow 
detection of a clinical effect. Fourth, given that the sample size 
for analyses with ROA as the outcome was small, we can-
not dismiss the possibility that the statistical nonsignificance 
observed was attributable to a lack of statistical power. Finally, 
the record of medication use is self- reported (although con-
firmed by a trained interview), and data regarding the duration 
of use can be subject to recall bias.

In conclusion, our data suggest that, overall, any statin 
use was not associated with a lower risk of pain worsening, 
ROA, and symptomatic knee OA in this large cohort of North 
American individuals. However, individuals using statins for 
more than 5 years and those using atorvastatin reported ben-
eficial effects on pain worsening, while individuals using rosu-
vastatin reported a higher risk of pain worsening. Therefore, 
future RCTs are needed to confirm/refute our observational 
findings.
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Influence of Diabetes Mellitus on the Recovery Trajectories 
of Function, Strength, and Self- Report Measures After Total 
Knee Arthroplasty
Victor A. Cheuy,1  Brian J. Loyd,2 Walter Hafner,1 Andrew J. Kittelson,1 Dawn Waugh,3 and  
Jennifer E. Stevens-Lapsley4

Objective. As the proportion of individuals with diabetes mellitus (DM) in the aging population and the number of 
total knee arthroplasties (TKAs) both continue to grow, understanding the outcomes for these patient populations is 
critical. The purpose of this study was to determine whether patients with and without DM differed in the recovery of 
3 physical performance measures during the first 90 days following a TKA.

Methods. Data collected at ATI Physical Therapy from 169 patients (37 with DM, and 132 without) were available. 
Physical performance measures included the 4- meter walk test, the 30- second sit- to- stand test (30STS), and the 
timed- up- and- go test (TUG). A mixed-effects model was performed to determine differences in the rate of recovery 
and 90- day postoperative scores for all measures.

Results. Both groups had similar baseline values for all measures. Patients with DM demonstrated a slower rate 
of recovery for the 4- meter walk test, and worse scores for the 4- meter walk test, 30STS, and TUG at the end of 90 
days when accounting for significant covariates.

Conclusion. Our findings show a negative relationship between the presence of DM and the recovery trajectories 
of all physical performance measures. Clinicians should closely monitor patients with DM, knowing that they are at 
higher risk for sustained functional deficits and early complications.

INTRODUCTION

Knee osteoarthritis (OA) is a chronic joint disease with a prev-
alence that increases with age, affecting between 10% and 15% 
of older adults (1). Total knee arthroplasty (TKA) surgery is the 
cost- effective standard of care to manage end- stage knee OA. 
Currently in the US, more than 700,000 TKA surgeries are per-
formed every year, and this number is projected to increase to 
almost 3.5 million per year by the year 2030 (2). As the incidence 
of TKAs continues to rise, particular attention must be paid to 
the patient comorbidities that influence long- term outcomes and 
function after surgery, especially diabetes mellitus (DM).

DM is one of the most common chronic diseases in the world. 
The International Diabetes Federation estimated in 2015 that 415 
million adults globally had DM, and that this prevalence is expected 
to increase to 642 million adults by 2040 (3). Because the propor-
tion of individuals with DM in the aging population and the number 
of TKAs both continue to grow, understanding the outcomes of 

patients with DM who undergo TKA is critical (4). The high blood 
glucose level that is characteristic of DM negatively affects the mus-
culoskeletal system and could interfere with healing and recovery 
following surgery, resulting in an altered response to physiotherapy 
rehabilitation that is a fundamental component of the postopera-
tive care after TKA (5,6). DM status has previously been shown to 
negatively correlate with questionnaire- based outcomes (e.g., the 
Mayo Knee questionnaire, the Knee Society Score questionnaire) 
and is associated with an increased number of complications and 
early revision (7–9). However, minimal research has been per-
formed investigating the associations of DM with objective physical 
performance measures in the early postoperative period after TKA. 
Assessing physical performance measures that are responsive 
to physical therapy after TKA would help determine whether DM 
impacts the speed of recovery following surgery.

The primary purpose of this study was to determine whether 
patients with and without DM differed in the recovery of 3 physi-
cal performance measures during the first 90 postoperative days 
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after a TKA. We hypothesized that patients with DM would have 
both a slower rate of recovery and show less improvement in all 
3 measures. The 3 physical performance measures chosen were 
the 4- meter walk test, the 30- second sit- to- stand test (30STS), 
and the timed- up- and- go test (TUG). A secondary objective was 
to determine whether patients with and without DM differed in the 
recovery of range of motion, self- report measures, and strength 
during the first 90 postoperative days after a TKA. We hypoth-
esized that patients with DM would have less improvement in 
range of motion and strength, and that no differences would exist 
between groups in the recovery of self- report measures. Together, 
these performance and self- report measures provide insight into 
the complexity of patient recovery after TKA.

PATIENTS AND METHODS

Data collection. Data were collected at 3 physical ther-
apy clinics in the ATI Physical Therapy clinic system in South 
Carolina, in collaboration with physicians at Greenville Health 
Systems. Therapist- assessed and patient- reported data were  
collected prior to surgery and throughout postoperative 
rehabilitation. All therapists collecting these data completed 
in- person training sessions to standardize collection of all 
outcome measures. Recertification of these in- person train-
ings occurred quarterly. This information, along with socio-
demographic and surgical variables, was then compiled in 
a quality improvement database housed at the University of 
Colorado Denver. Research Electronic Data Capture, a secure 
web- based software for database development, was used to 
construct the quality improvement database. All records were 

de- identified, and all procedures complied with a nonhuman 
subject research designation because these were data col-
lected as a quality improvement study and were approved by 
the Colorado Multiple Institutional Review Board.

Data extraction. For the purposes of this investigation, 
we queried the quality improvement database for de- identified 
patient records with unilateral TKA surgical dates between 
2013 and 2015. Additional criteria to meet inclusion were ≥3 
postoperative physical therapy visits, a record of when the visit 
occurred as measured by days since surgery, a nonrevision 
TKA, and a record of the presence or absence of DM. The 
criteria for the number of postoperative visits was chosen to 
obtain an accurate individual recovery trajectory that is repre-
sentative of patients who actively participated in postoperative 
therapy. The presence or absence of DM was recorded by a 
patient report of personal history (yes/no). Data were  available 
from a total of 169 patients who met all criteria (Figure  1). 
The 90- day postoperative window was chosen as the time 
range of interest to match the Comprehensive Care for Joint 
Replacement model adopted by the Centers for Medicare and 
Medicaid Services, where the episode of care ends 90 days 
postdischarge to cover the complete period of recovery for 
beneficiaries.

Demographics and patient characteristics. Anthropo-
metric and demographic information, including patient age, sex, 
and body mass index (BMI), were recorded at the preoperative 
assessment. Knee active range of motion, the Western Ontario 
and McMaster Universities Osteoarthritis Index (WOMAC) patient- 
report outcome, and quadriceps strength of the surgical leg were 
included in the postoperative assessments. Knee active range of 
motion was calculated as the total range of motion the patient 
could actively achieve, from maximal extension to maximal flex-
ion. The WOMAC is a 24- item questionnaire that assesses pain, 
stiffness, and level of difficulty with daily activities via a 5- point 
Likert scale score (range 0–4) (10). The WOMAC was calculated 
by summing an individual’s total score and dividing by 96 pos-
sible points to generate a percentage between 0 (no disability) 

SIGNIFICANCE & INNOVATIONS
• As the proportion of individuals with diabetes mel-

litus (DM) in the aging population and the number 
of total knee arthroplasties (TKAs) both continue to 
grow, understanding the outcomes for this patient 
population is critical.

• The 2 characteristics that distinguish this study are 
the use of a de-identified quality improvement data 
set on perioperative patients collected through 
routine clinical practice, and the inclusion of physi-
cal performance measures as outcome measures.

• The results of this study suggest that the presence 
of DM negatively influences the recovery trajecto-
ries in physical performance measures compared 
to those of patients without DM after a TKA.

• To the best of our knowledge, this is the first study 
to investigate functional recovery differences af-
ter TKA due to DM through physical performance 
measures in this type of data set, measures that are 
crucial to appreciating the complexity of patient re-
covery after TKA, which self-report questionnaires 
and range of motion may fail to capture.

Figure 1. Flow chart of identifying records.
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and 100 (maximum disability). Surgical leg quadriceps strength 
was assessed using a hand- held dynamometer, a widely used, 
reliable, and valid tool to measure isometric peak force in older 
adults after TKA (11,12). Patients were seated with their hands 
in their lap while the dynamometer was placed a distance of 2 
fingers above the malleolus, with the tester bracing the testing arm 
against their bent knee. Patients gradually ramped up maximal 
force over 2 seconds and held it for 3–5 seconds. The patient 
performed 2 warm- up trials at 50% and 75% maximum volun-
tary isometric contraction (MVIC). Following the warm- up trials, 
the patient performed up to 3 maximal contractions. If the force 
values produced in the first 2 trials were not within 5% of one 
another, a third trial was recorded, and the highest value was used 
as the MVIC. Normalized surgical leg quadriceps strength was 
calculated as Newtons of force/kg of body weight.

Performance- based outcome measures. Therapist- 
performed functional performance assessments included the 
4- meter walk test, the 30STS, and the TUG preoperatively and 
postoperatively. The 4- meter walk test measures the time to walk 
4 meters and is used to generate gait speed values, which have 
been associated with morbidity and mortality in older adults (13). 

The test includes 2 meters on either side of the course for accel-
eration and deceleration. The 30STS quantifies the number of 
transitions between sitting and standing that the patient can do 
in 30 seconds, demonstrating high validity and strong test–retest 
reliability (14). The TUG assesses the speed with which a patient 
can rise from a chair, walk 3 meters, pivot, walk back to the chair, 
and return to a seated position. Slower times on the TUG have 
been linked to an increased risk of falls as well to as other adverse 
health outcomes. The TUG test has also been shown to have 
adequate sensitivity to change following TKA surgery (15).

Statistical analysis. Differences in sex distribution, 
comorbidity status, and smoking status were assessed using a 
chi- square test. Differences in age, BMI, number of total physical 
therapy visits recorded, number of medications reported, and 
preoperative functional measures were assessed using Stu-
dent’s t- test.

The recovery trajectories of all 3 functional measures for 
patients with and without DM following TKA were compared. A 
mixed- effects model was performed, regressing the outcome 
of interest (i.e., 4- meter walk test, 30STS, TUG) on fixed effects 
of time from surgery (in postoperative days) and group desig-

Table 1. Demographics*

Variable
With DM 
(n = 37)

Without DM 
(n = 132)

P 
for  

differences

Sex, male/female 14/23 58/74 0.507
Age, years 65 ± 8 65 ± 8 0.884
Body mass index, kg/m2 36 ± 8 32 ± 7 0.001†
Total no. of PT visits recorded 16 ± 7 17 ± 9 0.230
Comorbidity status, number yes/no

Cancer 6/29 19/113 0.685
Depression 7/28 20/112 0.489
Stroke 1/34 4/128 0.957
Heart problems 6/29 22/110 0.947
Circulation problems 4/32 7/125 0.212
Lung problems 1/34 9/123 0.380
Kidney problems 6/30 7/125 0.024†
Liver problems 0/36 1/131 0.600

Smoking status, no. yes/no. no 4/30 8/122 0.263
Medications reported, no. 9 ± 5 7 ± 5 0.054
Preoperative function

4mW gait speed, meters/second 0.90 ± 0.25 1.01 ± 0.26 0.173
30 STS, transitions 8 ± 4 9 ± 3 0.648
TUG, seconds 13.40 ± 6.98 11.23 ± 6.18 0.072

* Values are the mean ± SD unless indicated otherwise. Demographic data were collected 
preoperatively. Differences in sex distribution, comorbidity status, and smoking status were 
assessed using a chi- square test. Differences in age, body mass index, number of total physi-
cal therapist (PT) visits recorded, number of medications reported, and preoperative function 
were assessed using Student’s t- test. DM = diabetes mellitus; M = male; F = female; 4mW = 
4- meter walk test; 30STS = 30- second sit- to- stand test; TUG = timed- up- and- go test. 
† P > 0.05. 
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nation (with DM versus without DM). Three random coefficient 
models and 1 fixed model were compared: random intercept, 
random slope, random intercept and slope, and fixed intercept 
and slope. For all functional measures, the random intercept 
model had the smallest Akaike’s information criterion and rep-
resented the best model of the 3 (16). Thus, random effects 
were specified for the intercepts, thereby taking into account 
each patient’s unique baseline values. Age, BMI, sex, comor-
bidity status, number of physical therapy visits, and preopera-
tive functional status were included in the mixed- effects models 
to determine potential covariates. The comorbidity status was 
assessed as a total comorbidity score. Preoperative functional 
data were available from 166, 132, and 143 of the 169 patients 
for 4- meter walk test, 30STS, and TUG, respectively. Group- 
specific (i.e., DM versus no DM) average imputation was used 
to address missing preoperative data on an individual patient 
basis. The significance of the group variable, as well as the 
interaction of group by time, was used to test whether groups 
differed in postoperative recovery. The mixed- effects model 
(SPSS Statistics software, version 24) was chosen to allow 
all available postoperative data to be included in the analysis, 
because the timing of data collection occurred in the context 
of routine rehabilitation practice and not at prespecified inter-
vals. This approach allowed us to avoid case- wise deletion of 
patients with missing data at any particular postoperative time 
point. Differences in knee active range of motion, WOMAC 
score, and surgical leg quadriceps strength were assessed 
using the same mixed- effects modeling technique. For range 
of motion and WOMAC score, the random intercept model 
had the smallest Akaike’s information criterion; for surgical leg 
quadriceps strength, the fixed model had the smallest Akaike’s 
information criterion.

RESULTS

There were no differences between groups for sex distribu-
tion, age, total number of physical therapy visits, number of med-
ications reported, and preoperative levels of function (Table  1). 
Group differences existed for BMI (P = 0.001) and the presence of 

kidney problems (P = 0.024).
Baseline values (i.e., 0- day intercept), rate of recovery (slope) 

during the first 90 postoperative days, and the 90- day intercept 
for the 3 physical performance measures are shown in Table 2. 
No statistically significant differences were found between groups 
in baseline values for all measures (4- meter walk test, P = 0.489; 
30STS, P = 0.315; TUG, P = 0.630). The preoperative status of 
each measure was a significant covariate (P ≤ 0.001 for all); sex 
(4- meter walk test, P = 0.001; TUG, P = 0.008) and total num-
ber of physical therapy visits (4- meter walk test, P < 0.001; TUG, 
P = 0.001) were significant covariates for the 4- meter walk test 
and TUG; age was a significant covariate for 30STS (P = 0.025). 
Patients with DM demonstrated a slower rate of recovery in the 

4- meter walk test gait speed (P = 0.015) and worse scores for all 
outcome measures at the end of 90 days (4- meter walk test, P = 
0.001; 30STS, P = 0.040; TUG, P = 0.021).

No statistically significant differences were found between 
groups in baseline values for active range of motion, WOMAC 
scores, and surgical leg quadriceps strength (Table  3). There 
were no differences between groups in the rate of recovery or the 
90- day intercept in active range of motion and WOMAC scores. 
Group differences in the rate of recovery and 90- day intercept 
were found in surgical leg quadriceps strength (P = 0.046 and P 
= 0.007, respectively).

DISCUSSION

The findings from this study show a negative relationship 
between the presence of DM and the recovery of physical 
performance after a TKA. For patients with DM, the rate of 
recovery in the 4- meter walk test was approximately one- half 
as fast and culminated in a slower gait speed by approximately 
0.22 meters/second at the end of the 90- day window. This 
difference exceeds the minimal clinically important difference 
for changes in gait speed of 0.13 meters/second (17). Purser 
et  al (18) found that every 0.10 meters/second reduction in 
gait speed is associated with poorer health status, poorer 
physical function, more disabilities, and higher one- year health 
care costs. For patients with DM, the recovery in the 30STS 
test culminated in the ability to complete approximately 2 
fewer transitions (i.e., stands) at the end of the 90- day win-
dow. The 30STS test correlates with leg press performance 
and knee extensor strength, and there is evidence that chair 
rise ability is important to maintaining independence in instru-
mental activities of daily living (ADL) (14,19,20). For patients 
with DM, the recovery in the TUG test culminated in a sig-
nificantly slower time of approximately 2 seconds at the end 
of the 90- day window. This approaches the minimal clinically 
important difference of 2.49 seconds (15). The TUG test cor-
relates with measures of balance (e.g., Berg Balance Scale, 
Functional Gait Assessment, and the Barthel Index of ADL) 
and is frequently used as a predictor of fall risk (21–23).

These results add a novel dimension that is in concert with 
the existing body of literature on the increased risk of negative 
patient outcomes following TKA for those patients with DM. Previ-
ous research has shown that patients with DM are at an increased 
risk for early complications and use more health care resources; 
the presence of DM is associated with increased rates of venous 
thromboembolism and infection, higher hospital charges, and an 
increased revision TKA rate (7,9,24,25). Observations of decreased 
knee range of motion, decreased muscle strength, and higher pain 
and ADL limitation scores are consistently reported, and the current 
study’s results support the decreased rate of improvement in quadri-
ceps strength (8,9,25). Durability and longevity of the replacement 
can also be negatively affected by the higher BMI observed in the 
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DM cohort (26). While a BMI cutoff of >40 kg/m2 is typically used to 
help guide patient education and treatment options, the results of 
this study show that even a DM cohort with a majority of BMIs <40 
kg/m2 still shows deficits in postoperative recovery (26).

While TKA is generally a successful procedure in reducing 
pain and self- reported disability, recovery of strength and function 
to levels of healthy individuals is rare (27,28). This discrepancy 
is highlighted by differences in recovery outcomes when com-
paring self- report questionnaires versus physical performance 
measures. Self- report questionnaires are easy to use, have a 
high internal consistency, and provide useful information about 
patient perceptions, but evidence suggests that self- report fails 
to capture the actual change in function and is heavily influenced 
by the patient’s change in pain after TKA (27,29). Physical per-
formance measures provide a more objective assessment of true 
functional capacity but are not performed in the patient’s natu-

ral environment (27,29). The poor concurrent validity between 
patient- reported and performance- based measures of function 
in patients who undergo TKA is supported by the results of this 
study (29). For the self- report measure of total WOMAC score 
and its subscales, the 2 groups were not statistically different 
at baseline in rate of recovery, nor at the end of 90 days. How-
ever, the group of patients with DM demonstrated a slower rate 
of recovery in gait speed and worse scores at the end of 90 
days for all 3 physical performance measures. Self- report fails 
to capture the acute functional declines after TKA and masks 
the true magnitude of these deficits, emphasizing the need to 
include physical measures to assess recovery rather than only 
relying on self- report measures (27,29). Therefore, including both 
types of measures to fully assess postoperative recovery is key 
to establishing the optimal rehabilitation strategy to remediate 
impairments and improve outcomes.

Table 3. Recovery trajectories of range of motion, WOMAC, and strength*

Outcome/time point With DM† Without DM†
Between- group 

difference (95% CI) P

Knee active range of motion, 
degrees

Baseline, intercept at day 0 94 ± 3 95 ± 1 1 (–6, 7) 0.778
Slope, change per day 0.35 ± 0.04 0.34 ± 0.02 –0.01 (–0.10, 0.08) 0.836
Intercept at 90 days 125 ± 3 126 ± 1 0.1 (–6, 6) 0.986

WOMAC total
Baseline, intercept at day 0 53 ± 6 47 ± 3 –6 (–19, 7) 0.360
Slope, change per day –0.43 ± 0.10 –0.33 ± 0.04 0.09 (–0.13, 0.32) 0.407
Intercept at 90 days 15 ± 5 17 ± 2 2 (–9, 14) 0.681

WOMAC pain
Baseline, intercept at day 0 9 ± 1 9 ± 0.5 –0.004 (–2.126, 2.118) 0.997
Slope, change per day –0.06 ± 0.02 –0.07 ± 0.01 –0.01 (–0.05, 0.03) 0.590
Intercept at 90 days 4 ± 1 3 ± 0.5 –1 (–3, 1) 0.371

WOMAC stiffness
Baseline, intercept at day 0 5 ± 0.4 5 ± 0.2 0.06 (–0.84, 0.96) 0.895
Slope, change per day –0.03 ± 0.01 –0.03 ± 0.004 0.005 (–0.011, 0.021) 0.552
Intercept at 90 days 1.6 ± 0.4 2.1 ± 0.2 0.5 (–0.4, 1.4) 0.273

WOMAC disability
Baseline, intercept at day 0 37 ± 4 33 ± 2 –5 (–14, 5) 0.343
Slope, change per day –0.31 ± 0.08 –0.23 ± 0.03 0.07 (–0.09, 0.24) 0.361
Intercept at 90 days 10 ± 4 12 ± 2 2 (–6, 10) 0.614

Normalized surgical leg 
quadriceps strength, N/kg

Baseline, intercept at day 0 2.71 ± 0.49 2.18 ± 0.24 –0.54 (–1.61, 0.54) 0.326
Slope, change per day 0.009 ± 0.009 0.029 ± 0.005 0.020 (0.0004, 0.0402) 0.046†
Intercept at 90 days 3.53 ± 0.41 4.82 ± 0.24 1.29 (0.35, 2.23) 0.007†

* Values are the group estimates ± SE unless indicated otherwise. Recovery trajectories (i.e., baseline intercept, 
slope, and 90- day intercept) from mixed- effects modeling of active range of motion, Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC), and normalized surgical leg quadriceps strength for each group. DM = 
diabetes mellitus; 95% CI = 95% confidence interval. 
† P <0.05 
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The significant impact of DM on perioperative outcomes 
can be attributed to the systemic nature of the disease (Figure 2) 
(6,30–33). The major tissue affected by a glucose metabolism 
imbalance is skeletal muscle, and deficits in metabolic signaling 
contribute to systemic insulin resistance and the infiltration of 
intermuscular adipose tissue (IMAT) (34). IMAT has been asso-
ciated with several negative effects in muscle functional capacity, 
such as fascicle arrangement, pennation angle, and contraction 
excursion (35,36). Excess IMAT and reduced strength are com-
mon in obese individuals with DM (37). Similarly, the increased 
accumulation of advanced glycation end products due to the 
abnormal aging process of patients with DM leads to excessive 
collagen cross- linking, making tissues thicker, stiffer, and weaker 
(38). Taken together, there is a fundamental interplay between age, 
BMI, and DM (37,39). Obese individuals with DM are particularly 
susceptible to accelerated sarcopenia, where general losses in 
strength could explain the functional limitations in walking speed, 
balance, and physical performance and negatively contribute to 
the recovery of an already compromised quadriceps muscle after 

TKA (40). The results of this study support the notion of a reduced 
capacity for musculoskeletal recovery, because surgical leg 
quadriceps strength was similar at baseline for both groups, but 
did not recover as fast or to the same degree for the DM cohort 
(P = 0.046 and P = 0.007, respectively). Coupled with an impaired 
wound healing response, a patient with DM following TKA can 
present as quite a challenge postoperatively.

Increasing positive outcomes for patients with DM is a con-
cern and responsibility shared between the patient, physical ther-
apist, and orthopedic surgeon (7). Understanding that patients 
with DM can preoperatively be identified as at risk for a slower 
recovery might cue clinicians to pay closer attention to deficits in 
strength and function and implement closer monitoring early in 
the postoperative period (8,41). Furthermore, information regard-
ing the influence of DM on recovery following TKA may influence 
patient decision-making, for example, altering a patient’s deci-
sion for the timing of surgery given their preoperative functional 
status. Significant relationships were found between preopera-
tive functional status and postoperative functional status. This 

Figure  2. Potential mechanisms by which diabetes mellitus negatively affects physical function. CVD = cardiovascular disease; CHF = 
congestive heart failure; PAD = peripheral artery disease; IMAT = intermuscular adipose tissue.
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relationship may have implications for prerehabilitation, where a 
higher level of function preoperatively may be beneficial to indi-
viduals both with and without DM to maintain a higher level of 
function postoperatively. However, previous literature has shown 
conflicting results on the benefits of prerehabilitation on postop-
erative function and quality of life (42,43). Interestingly, the total 
number of postoperative physical therapy visits was inversely 
related to postoperative recovery in function, though this rela-
tionship could be explained by the idea that those with worse 
recovery in function needed more physical therapy, rather than 
that more physical therapy visits were detrimental to recovery. 
The results of this study provide a rationale for future studies 
investigating the development of targeted interventions specific 
to patients with DM, which can guide clinicians on rehabilitation 
approaches suited to address the needs of this understudied 
patient subgroup.

There are several limitations to consider in this study. An 
a priori power analysis was not performed. Patient data were 
collected from a single clinical system, because demographics, 
rehabilitation strategies, and postoperative outcomes may differ 
across sites. However, all therapists participated in training ses-
sions to standardize data collection, and regular reliability testing 
was performed. The presence or absence of DM was recorded 
by patient report of personal history (yes/no), and consequently 
there was no information on the severity of DM (e.g., duration 
of DM or presence of peripheral neuropathy). Medication infor-
mation was available on 27 of the 37 patients with DM. Five of 
the 27 took no medication; 22 of the 27 took at least 1 med-
ication for the control of DM. Future studies could investigate 
how severity of DM is associated with the recovery trajectories in 
physical performance measures. The time to first physical ther-
apy appointment or number of weeks of total physical therapy 
could not be determined and therefore could not be included as 
a covariate. The timing of data collection occurred in the context 
of routine rehabilitation practice and not at prespecified intervals, 
and not all postoperative visits with a record of date collected 
outcome measures. However, the mixed- effects model was cho-
sen to allow all available postoperative data to be used in the 
analysis and to avoid case- wise deletion of patients with missing 
data at any particular postoperative time point. While the study 
sample was composed of patients typically seen in day- to- day 
practice rather than a smaller sample meeting strict eligibility cri-
teria designed to reduce variability, generalizability could still be 
considered a limitation, because this is a quality improvement 
database from a single clinic system.

In summary, patients with DM demonstrate poor recovery in 
physical performance measures during the first 90 postoperative 
days after TKA, compared to patients without DM. These mea-
sures provide objective assessments of functional deficits after 
surgery and are crucial to appreciating the complexity of patient 
recovery after TKA beyond self- report. Clinicians should closely 
monitor and appropriately treat patients with DM, knowing that 

they are at higher risk for sustained functional deficits and early 
complications.
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B R I E F  R E P O R T

Prevalence of Radiographic and Magnetic Resonance 
Imaging Features of Patellofemoral Osteoarthritis in Young 
and Middle- Aged Adults With Persistent Patellofemoral 
Pain
Natalie J. Collins,1  Edwin H. G. Oei,2 Janneke L. de Kanter,3 Bill Vicenzino,4 and Kay M. Crossley5

Objective. To describe the prevalence of radiographic features of patellofemoral (PF) osteoarthritis (OA) in adults 
with persistent PF pain, to describe the prevalence of magnetic resonance imaging (MRI)–defined PF OA and com-
pare it to that in age-  and sex- matched controls, and to explore the prevalence of radiographic and MRI- defined PF 
OA across age, sex, and body mass index (BMI) groups.

Methods. This cross- sectional study included 84 individuals with PF pain ≥3 months duration and 26 age-  and 
sex- matched controls. In participants with PF pain, posteroanterior, lateral, and skyline radiographs were obtained. 
Radiographic OA features were scored using Kellgren/Lawrence (K/L) criteria and a radiographic atlas, with K/L grade 
≥2 defined as OA, and K/L grade 1 as early OA. Both groups underwent 3.0 Tesla MRI scans, scored using the MRI 
Osteoarthritis Knee Score criteria. Compartmental prevalence of MRI OA features was based on cartilage lesions, 
bone marrow lesions (BMLs), and osteophytes.

Results. Overall, 20 participants (24%) with PF pain had radiographic PF OA (K/L grade ≥2), and 36 participants 
(43%) had early PF OA (K/L grade 1). MRI- defined PF OA was more prevalent in participants with PF pain (16–29%) 
than in controls (4–12%), irrespective of how PF OA was defined. Within the PF pain group, the prevalence of PF OA 
on radiographs and MRI was greater in participants who were older or female or who had a higher BMI.

Conclusion. Features of radiographic and MRI- defined PF OA were evident in 20–30% of adults ages 26–50 
years with persistent PF pain, with greater prevalence observed in those who were older, or female, or who had a 
higher BMI. MRI- defined PF OA was more prevalent in individuals with PF pain than in pain- free controls, especially 
when defined as a full- thickness cartilage lesion with BML.

INTRODUCTION

Patellofemoral (PF) pain is a common, chronic condition 
occurring across the lifespan. Individuals with PF pain experi-
ence peripatellar or retropatellar pain, typically with activities 
that load the PF joint (e.g., squatting, stair ambulation, run-
ning) (1). Increasing evidence highlights the persistent nature 
of PF pain, with symptoms remaining for at least 5 to 8 years 

after first detection (2), but the reason for this persistence is 
unclear. It is possible that PF pain in young adults represents 
the earliest manifestation of PF osteoarthritis (OA), based on 
similarities in symptoms, biomechanics, and muscle function 
(1). Thus, younger adults with PF pain may have structural PF 
lesions consistent with PF OA.

This study aimed to describe the prevalence of radiographic 
features of PF OA in adults with persistent PF pain, to describe 
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the prevalence of magnetic resonance imaging (MRI)–defined PF 
OA and compare it to that in age-  and sex- matched controls, and 
to explore radiographic and MRI prevalence across age, sex, and 
body mass index (BMI) groups.

PARTICIPANTS AND METHODS

Participants. Individuals with PF pain were recruited from 
the community in Melbourne, Australia via advertisements in uni-
versity staff and student bulletins and by word- of- mouth referrals 
from health care practitioners. Inclusion criteria were ages 26–50 
years, anteropatellar or retropatellar knee pain aggravated by ≥2 
PF joint- loading activities (e.g., walking up or down stairs, squat-
ting, rising from sitting, running), knee pain severity ≥30 mm on 
a 100- mm visual analog scale during aggravating activities, pain 
during these activities on most days of the preceding month, and 
knee pain duration ≥3 months. Volunteers were excluded if they 
had concomitant pain from other knee structures, hip, or lumbar 
spine; knee injection <3 months prior; planned or previous lower 
extremity surgery; moderate- to- severe concomitant tibiofemoral 
(TF) OA (Kellgren/Lawrence [K/L] grade ≥3 on posteroanterior 
radiograph) (3); systemic medical conditions (e.g., rheumatoid 
arthritis); contraindications to having a radiograph taken; and an 
inability to understand written or spoken English or undertake 
testing procedures. Participants with contraindications to MRI 
(e.g., metal implants, claustrophobia) were excluded from MRI 
evaluation.

Once the PF pain cohort was finalized, we recruited a con-
venience sample of 26 control participants from the Melbourne 
community via word- of- mouth. Control participants were eligi-
ble if they had no current or history of knee injury or symptoms 
and no contraindications to MRI. They were matched to the 
overall characteristics of the PF pain cohort for age, sex, and 
BMI.

All participants provided written informed consent prior to 
undergoing testing procedures. Ethics approval was provided by 
The University of Melbourne’s Human Research Ethics Committee 
(ID: 1136766), and all study procedures conformed to the Decla-
ration of Helsinki.

Procedure. Volunteers with PF pain underwent email or 
telephone screening, then physical screening to confirm PF 
pain and exclude other sources of anterior knee pain (e.g., 
patellar tendon, fat pad). Knee radiographs were acquired at a 
private radiology clinic to evaluate TF OA eligibility criteria. Par-
ticipants with PF pain attended a single testing session at The 
University of Melbourne for collection of demographic data and 
patient- reported outcome measures (PROMs) and to undergo 
clinical measures as part of a larger cohort study. MRIs were 
subsequently acquired at a single private radiology clinic.

Demographic characteristics and PROMs. Informa-
tion on demographic characteristics (e.g., age, sex, height, 
weight, education level, employment, smoking history, and 
physical activity) was collected, along with PF pain duration and 
bilaterality. The following PROMs were used to characterize the 
cohort: pain severity (100- mm visual analog scales) (4), the Knee 
Injury and Osteoarthritis Outcome Score and PF subscale (5), 
and the Anterior Knee Pain Scale (4).

Radiograph acquisition and evaluation. Participants 
with PF pain underwent radiography of their study knee (the most 
symptomatic eligible knee), using standard protocols (6). Pos-
teroanterior and lateral views were obtained in weight- bearing 
(30–40° knee flexion, feet 10° externally rotated). Skyline PF 
views were obtained in non–weight- bearing (30° knee flexion).

All radiographs were graded by a single musculoskeletal 
radiologist (EHGO) with 13 years’ experience. Lateral and sky-
line views were used to grade the PF joint, and posteroanterior 
views were used for the TF joint. Medial and lateral PF and TF 
compartments were graded separately. Individual features of 
OA (joint space narrowing, osteophytes) in each compartment 
were graded as 0 (normal), 1 (mild), 2 (moderate), or 3 (severe), 
using a radiographic atlas (7). K/L criteria were applied to each 
joint compartment (3), with K/L grade 0 (no OA: no OA features), 
K/L grade 1 (doubtful OA: possible osteophytic lipping, doubtful 
joint space narrowing), K/L grade 2 (mild OA: definite osteo-
phytes, possible joint space narrowing), K/L grade 3 (moderate 
OA: moderate multiple osteophytes, definite joint space nar-
rowing, some sclerosis, possible bone contour deformity), or 
K/L grade 4 (severe OA: large osteophytes, marked joint space 
narrowing, severe sclerosis, definite bony contour deformity) (6). 
The presence of radiographic OA was classified as no OA (K/L 
grade 0), early OA (K/L grade 1) (8), and established OA (K/L 
grade ≥2) (6).

MRI acquisition and evaluation. Participants with PF 
pain and control participants underwent unilateral 3.0T MRIs 
(Philips Achieva) on their nominated study knee (randomly 
selected for control participants). Participants were supine with 
20–30° knee flexion in a 16- channel knee coil (Invivo). We obtained 
a 3- dimensional proton density, turbo spin- echo (TSE) sequence 

SIGNIFICANCE & INNOVATIONS
• One-quarter of young and middle-aged adults with 

patellofemoral pain have radiographic patellofem-
oral osteoarthritis.

• Magnetic resonance imaging–defined patellofem-
oral osteoarthritis is more prevalent in individuals 
with patellofemoral pain than in pain-free controls, 
especially when defined as a full-thickness cartilage 
lesion combined with a bone marrow lesion.

• Individuals with patellofemoral pain who are older, 
are female, or have a higher body mass index have a 
higher prevalence of patellofemoral osteoarthritis.
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(VISTA), acquired at 0.35 mm isotropically, with repetition time (TR) 
of 1,300 msec, echo time (TE) of 27 msec, 110 × 150 × 150 mm 
field of view (FOV), and echo train length 64 msec (acquisition time 
6 minutes 11 seconds). An axial proton density TSE fat- saturated 
sequence was also acquired (TR 3,200 msec, TE 30 msec, slice 
thickness 2.5 mm, slice gap 1.0 mm, voxel size 0.5 × 0.6 × 2.5 
mm, FOV 150 × 130 mm, acquisition time 2 minutes 23 seconds).

A senior radiology resident (JLdK) evaluated MRIs semiquan-
titatively using the MRI OA Knee Score (MOAKS) in 14 articular 
subregions, encompassing the patella, femur, and tibia (9). Bone 
marrow lesions (BMLs), articular cartilage lesions (partial-  or full- 
thickness), and osteophytes were graded by size for each region. 
We evaluated additional PF features applicable to young adults 
with PF pain (e.g., minor cartilage defects, increased signal in fat 
pads and retinaculae, plica thickness, and width) (10).

Ordinal MOAKS scores were dichotomized to indicate the 
presence or absence of features (10). We deemed BMLs to be 
present if the size of the BML was >0 (i.e., BML of any size). Any 
cartilage lesion was present when the size of the cartilage lesion 
was >0 (i.e., cartilage lesion of any size). Full- thickness cartilage 
lesions were present when the percentage of full- thickness carti-
lage loss of region score was >0 (i.e., full- thickness cartilage loss 
of any size). Osteophytes were deemed present if they were small, 
medium, or large; effusion if medium or large; and Hoffa- synovitis if 
moderate or severe. Minor cartilage defects were deemed present 
if high signal intensity, fraying/fissuring, or hypertrophy was pres-
ent. Plica thickening was indicated if it was 3 mm or greater, and 
plica widening if it was sufficient to reach the midline in a nondis-
tended joint (10).

Primary OA features were clustered by joint compartment: 
medial PF compartment (medial patella [including patella crista], 
medial trochlea), lateral PF compartment (lateral patella, lateral 
trochlea), and medial and lateral TF joint (central and posterior 
femur; anterior, central, and posterior tibia, split into medial and 
lateral compartments). Compartmental prevalence of MRI OA fea-
tures was defined in 3 ways (11,12): any cartilage lesion (partial-  
or full- thickness) combined with any BML, full- thickness cartilage 
lesion combined with any BML, and definite osteophytes com-
bined with any cartilage lesion.

Statistical analysis. Descriptive statistics were used to 
present participant demographics, PROMs, and the prevalence of 
OA features. Due to the exploratory nature of this study and zero 
prevalence of some MRI features in the PF pain and control groups, 
statistical between- group comparisons were not performed. The 
relationship of age, sex, and BMI with radiographic and MRI preva-
lence of PF OA was explored visually using bar graphs.

RESULTS

Between July 2012 and March 2015, 84 participants with 
PF pain (54 women [64%]) were enrolled from among 284 volun-

teers (see Supplementary File 1,  available on the Arthritis Care & 
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23726/abstract). Participants with PF pain had a median age of 
35 years (interquartile range [IQR] 10), BMI of 24.9 kg/m2 (IQR 4.6), 
and a mean ± SD height of 1.70 ± 0.09 meters and weight of 73 ± 
13 kg. Overall, 55 participants (67%) had bilateral PF pain, and 57 
participants (68%) reported PF pain symptoms >2 years duration 
(see Supplementary File 2, available on the Arthritis Care & Research 
web site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23726/
abstract for additional characteristics and PROMs). A total of 26 
control participants were recruited: 15 women (64%), median age 
34 years (IQR 7), median BMI 23.3 kg/m2 (IQR 5.7), mean ± SD 
height 1.7 ± 0.08 meters, and mean ± SD weight 72 ± 11 kg.

Prevalence of radiographic features of PF OA in par-
ticipants with PF pain. Radiographs were available for 83 par-
ticipants. Figure 1A shows the prevalence of radiographic PF OA 
according to the K/L grade. K/L grade 1 PF OA was the most 
prevalent finding (43% of participants), while K/L grade ≥2 PF OA 
was present in 24% of participants. Figure 1B shows the preva-
lence of coexisting TF OA (K/L grades 0, 1, or 2). As the PF K/L 
grade increased, the prevalence of K/L grade 1 and K/L grade 2 
changes in the TF joint also increased.

Figure  1. Prevalence of radiographic patellofemoral (PF) 
osteoarthritis (A) and tibiofemoral osteoarthritis (B) in participants 
with persistent PF pain, based on Kellgren/Lawrence (KL) grade.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23726/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23726/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23726/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23726/abstract
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Table  1 shows compartmental prevalence data for K/L 
grades and individual OA features. K/L grade 1 features were 
equally prevalent in the medial and lateral PF compartments, 
while K/L grade ≥2 features were more common in the lat-
eral PF compartment. The most prevalent individual OA fea-
tures in the PF joint were osteophytes on the inferior (39%), 
lateral (36%), and superior (35%) patella. Two participants 
(2%) had grade 3 (severe) lateral patellar osteophytes, while 
10 participants (12%) had grade 2 (moderate) lateral patellar 
osteophytes. Medial PF osteophytes were less prevalent and 
occurred on the medial trochlea (20%) more frequently than 
on the medial patella (12%). Mild- to- moderate lateral PF joint 
space narrowing was present in 19 participants (23%). Medial 

PF joint space narrowing was typically not a feature. Overall, 
35% of participants had mild- to- moderate osteophytes on the 
medial tibia, and 26% had mild- to- moderate medial TF joint 

space narrowing.

Prevalence of MRI features of OA in participants 
with PF pain compared to controls. In total, 70 participants 
with PF pain consented to undergo MRI. Supplementary File 3,  
available on the Arthritis Care & Research web site at http:// 
onlinelibrary.wiley.com/doi/10.1002/acr.23726/abstract, shows the  
prevalence of individual MRI features in the PF pain and control 
groups. When partial-  and full- thickness cartilage lesions were 
considered together, lateral patellar lesions were more prevalent in 

Table 1. Prevalence of Kellgren/Lawrence- defined osteoarthritis and radiographic features of osteoarthritis in the patellofemoral joint 
and tibiofemoral joint in participants with patellofemoral pain (n = 83)*

Grade 0 Grade 1 Grade 2 Grade ≥3

Kellgren/Lawrence grade
Patellofemoral joint

Medial 61 (74) 20 (24) 2 (2) 0 (0)
Lateral 45 (54) 20 (24) 17 (21) 1 (1)
Overall 27 (33) 36 (43) 19 (23) 1 (1)

Tibiofemoral joint
Medial 45 (54) 16 (19) 22 (27) 0 (0)
Lateral 65 (78) 17 (21) 1 (1) 0 (0)
Overall 42 (51) 18 (21.5) 23 (27.5) 0 (0)

Osteoarthritis features
Posteroanterior view

Joint space narrowing
Medial tibiofemoral 61 (74) 21 (25) 1 (1) 0 (0)
Lateral tibiofemoral 82 (99) 1 (1) 0 (0) 0 (0)

Osteophytes
Medial femur 81 (98) 2 (2) 0 (0) 0 (0)
Medial tibia 54 (65) 28 (34) 1 (1) 0 (0)
Lateral femur 81 (98) 2 (2) 0 (0) 0 (0)
Lateral tibia 67 (81) 14 (17) 2 (2) 0 (0)

Lateral view
Osteophytes

Superior patella 54 (65) 25 (30) 4 (5) 0 (0)
Inferior patella 51 (61) 27 (33) 5 (6) 0 (0)

Skyline view
Joint space narrowing

Medial patellofemoral 80 (96.5) 2 (2.5) 1 (1) 0 (0)
Lateral patellofemoral 64 (77) 18 (22) 1 (1) 0 (0)

Osteophytes
Medial patella 73 (88) 8 (10) 2 (2) 0 (0)
Medial trochlea 66 (80) 15 (18) 2 (2) 0 (0)
Lateral patella 53 (64) 18 (22) 10 (12) 2 (2)
Lateral trochlea 74 (89) 8 (10) 0 (0) 1 (1)

* Values are the frequency (%). 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23726/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23726/abstract
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participants with PF pain (16%) than in controls (0%), while medial 
cartilage lesions were similar across groups (PF pain 23%, control 
19%). Full- thickness cartilage lesions were present on the medial 
and lateral patella of 11% of participants with PF pain, but absent 
in controls. We observed a high prevalence of minor patella car-
tilage defects in the PF pain group (44%) compared to controls 
(23%), predominantly in the medial compartment.

BMLs were substantially more prevalent in the medial patella 
(49%) and lateral patella (30%) of the PF pain group, compared to 
controls (both 12%). Prevalence of BMLs in the trochlea was sim-
ilar between groups, although these tended to be lateral in par-
ticipants with PF pain and medial in controls. Osteophytes were 
identified in both groups. Participants with PF pain had a higher 
prevalence of osteophytes on the lateral patella (30% versus 
15%), lateral trochlea (17% versus 4%), and lateral femur (71% 
versus 35%). Controls had a higher prevalence of superior patel-
lar osteophytes (35% versus 23%). Tendon thickening or high 
 signal was prevalent in the patellar tendon (50%) and quadriceps 
tendon (27%) of participants with PF pain but absent in controls. 
Mild edema was more prevalent in the infrapatellar (Hoffa’s) fat 
pad of the PF pain group (59%) than in controls (31%), although 
moderate edema was similar between groups. High signal in the 
infrapatellar bursa was present in 14% of participants with PF pain 
but absent in controls. The PF pain group also had a greater prev-
alence of high signal in the anterior suprapatellar fat pad (81%), 
although high signal also occurred frequently in controls (69%). 
A high signal was more prevalent in the menisci of control partici-
pants (medial 65%, lateral 23%) than in those of participants with 
PF pain (medial 54%, lateral 7%).

Table  2 shows compartmental prevalence of MRI- defined 
OA in the PF pain and control groups. Irrespective of how OA 
was defined, there was a higher prevalence of isolated PF OA 
in participants with PF pain (16–29%) compared to controls 
(4–12%). The combination of a full- thickness cartilage lesion with 

a BML was best able to differentiate PF pain (16%) and control 

(0%) groups.

Prevalence of radiographic and MRI- defined PF OA 
across age, sex, and BMI groups in participants with 
PF pain. Supplementary File 4, available on the Arthritis Care & 
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23726/abstract, shows OA prevalence data for the PF pain 
group for each radiographic and MRI definition, split by age, sex, 
and BMI. PF OA (with or without TF OA) was more prevalent in 
participants who were older, or female, or who had a higher BMI.

DISCUSSION

Overall, 24% of our PF pain cohort had radiographic PF OA 
(K/L grade ≥2), frequently combined with K/L grade 1 or K/L grade 
2 TF OA. PF OA prevalence was similar to that in an older cohort 
(26%, mean ± SD age 54 ± 10 years) (6). This finding is likely 
explained by the greater PF OA frequency in our older participants 
(ages 41–50 years). Women had a higher prevalence of PF OA 
than men, which is in contrast to  findings in knee pain cohorts age 
≥40 years (6,13). Higher PF OA prevalence was also observed in 
those with greater BMI, supporting previous findings (14).

Almost half (43%) of our participants with PF pain had radio-
graphic signs of early PF OA (K/L grade 1), either in isolation or 
combined with K/L grade 1 or K/L grade 2 TF OA. This finding 
may be clinically significant, since K/L grade 1 predicts worsening 
radiographic OA in older individuals with knee pain (15). Longitu-
dinal studies are required to determine whether younger adults 
with early radiographic PF OA are an important target group for 
interventions to slow or prevent OA progression.

Compared to age-  and sex- matched controls, our partici-
pants with PF pain had a greater prevalence of PF OA on MRI 
(PF pain: 16–29%, controls: 4–12%), irrespective of which MRI 

Table 2. Compartmental prevalence of magnetic resonance imaging–defined osteoarthritis in participants with patellofemoral pain (n = 70) 
and controls (n = 26)*

PF pain Controls

None
Isolated 
PF joint

Isolated 
TF joint

Mixed 
PF/TF joints None

Isolated 
PF joint

Isolated 
TF joint

Mixed 
PF/TF joints

Any cartilage lesion + any 
BML†

48 (69) 20 (29) 1 (1) 1 (1) 24 (92) 1 (4) 1 (4) 0 (0)

Full thickness cartilage 
lesion + any BML†

59 (84) 11 (16) 0 (0) 0 (0) 26 (100) 0 (0) 0 (0) 0 (0)

Definite osteophyte + 
cartilage lesion‡

48 (69) 16 (23) 3 (4) 3 (4) 22 (84.5) 3 (11.5) 1 (4) 0 (0)

* Values are the number (%). PF = patellofemoral; TF = tibiofemoral; BML = bone marrow lesion. 
† Combination of cartilage lesion and BML may occur within the same compartment (medial/lateral) or across compartments (e.g., 1 feature 
in medial compartment, 1 feature in lateral compartment) (11). 
‡ Definition of patellofemoral osteoarthritis based on presence of definite osteophyte on patella and/or anterior femur, with partial-  or 
full- thickness cartilage loss on the patella and/or anterior femur; tibiofemoral osteoarthritis definition based on combinations of definite 
osteophyte, full- thickness cartilage loss (or partial- thickness cartilage loss in the absence of full- thickness loss), BML, and meniscal extrusion, 
maceration, or tear in central/posterior femur and/or tibia (12). 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23726/abstract
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features were used to define OA. The high prevalence of partial- 
thickness cartilage lesions and osteophytes observed in controls 
suggests that future studies using MRI to define PF OA should 
consider using full- thickness cartilage lesions and BMLs.

Individual MRI features of PF OA, such as lateral cartilage 
lesions, patellar BMLs, and lateral patellar and trochlear osteophytes, 
were more prevalent in participants with PF pain than in controls. Our 
finding contrasts with that of a previous study in adolescents and 
younger adults (mean ± SD age 23 ± 6 years) (10), which used the 
same MRI sequences and was scored by the same radiologists as 
the current study. Our older PF pain cohort had a higher prevalence 
of full- thickness PF cartilage lesions (16% versus 0%), minor cartilage 
lesions (44% versus 23%), meniscus high signal (54% versus 23%), 
and patellar tendon thickening or high signal (50% versus 38%), 
which could reflect the older age of our PF pain cohort and longer 
pain duration. These findings lend support to the existence of a spec-
trum of PF pain disorders, where structural changes in the PF joint 
begin to appear toward middle- age in some individuals with PF pain.

Interpretation of radiographic findings should be considered 
in light of known limitations with PF grading methods. There are 
no PF- specific K/L criteria, and the radiographic atlas has limited 
examples of the PF joint. Updated guidelines for radiographic scor-
ing of PF OA are urgently required. Our sample size precluded the 
use of statistical tests to compare the PF pain and control groups, 
especially since MRI- defined OA and some individual structural fea-
tures were absent in 1 or both groups. We did not acquire radi-
ographs from controls due to lack of a clinical indication and the 
risks associated with radiation exposure. Finally, we are unable to 
draw conclusions regarding causal relationships between PF OA 
and participant  characteristics, highlighting the need for prospective 
studies.

Young and middle- aged adults with persistent PF pain com-
monly present with radiographic features of PF OA, with greater 
prevalence observed in those who are older, female, or had a 
higher BMI. MRI- defined PF OA is more prevalent in individuals 
with PF pain than in matched pain- free controls, especially when 
defined as a full- thickness cartilage lesion combined with a BML.
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Exercise Therapy for the Management of Femoroacetabular 
Impingement Syndrome: Preliminary Results of Clinical 
Responsiveness
Nicola C. Casartelli,1 Mario Bizzini,2 Nicola A. Maffiuletti,2 Reto Sutter,3 Christian W. Pfirrmann,3 Michael Leunig,2 
and Florian D. Naal2

Objective. To investigate the responsiveness to exercise therapy of patients with femoroacetabular impingement 
syndrome (FAIS), and to investigate differences in hip function, strength, and morphology between responders versus 
nonresponders.

Methods. Patients with FAIS underwent 12 weeks of semi- standardized and progressive exercise therapy. A good 
therapy outcome (responders) versus a poor therapy outcome (nonresponders) was determined at week 18 with the 
Global Treatment Outcome questionnaire for hip pain. Hip function was evaluated using the Hip Outcome Score 
(HOS) activities of daily living (ADL) and Sport at baseline, and at weeks 6, 12, and 18. Hip muscle strength and dy-
namic pelvic control were evaluated using dynamometry and video analysis, respectively, at baseline, week 12, and 
week 18. Hip morphology was evaluated with imaging at baseline.

Results. Thirty- one patients (mean age 24 years) were included. Sixteen patients (52%) were responsive and 15 
patients (48%) were not responsive to exercise therapy. Only responders improved HOS ADL and HOS Sport by 10 
points (95% confidence interval [95% CI] 7, 14; P < 0.001) and by 20 points (95% CI 15, 25; P < 0.001), respectively, 
and hip abductor strength by 0.27 Nm/kg (95% CI 0.18, 0.36; P < 0.001). The prevalence of patients showing good 
dynamic pelvic control only increased in responders (44%; P = 0.029). The prevalence of severe cam morphology 
was higher in nonresponders than in responders (40% versus 6%; P = 0.037).

Conclusion. Half of patients with FAIS benefit from exercise therapy in the short term. Responsiveness to hip 
abductor strength and dynamic pelvic control improvements is associated with a good therapy outcome, whereas 
the presence of severe cam morphology is associated with a poor therapy outcome.

INTRODUCTION

Femoroacetabular impingement syndrome (FAIS) is a 
 pathomechanism of the hip joint, which may cause debilitating hip 
pain in young adults and result in the development of hip osteo-
arthritis (OA) (1,2). FAIS is caused by abnormal morphology of the 
proximal femur and/or acetabulum, in conjunction with repetitive, 
rigorous, and supraphysiologic hip motion (1,3). Hip surgery has 
long been considered the main treatment option for FAIS, since 
the underlying pathomechanism is thought to be primarily caused 
by abnormal hip morphology (1). High- level evidence demonstrat-
ing the actual effectiveness of hip surgery for the management 

of FAIS is growing (4,5), but the best surgical indications are still 
the  subject of discussion (6). In contrast, nonsurgical treatment 
options for FAIS have been largely overlooked (7), even if their fail-
ure should be the most important indication for surgery (7,8). In 
addition, valid nonsurgical treatment options are required for those 
patients who are not candidates for hip surgery (7,9).

Recently, a rationale has been proposed that explains how 
exercise therapy aimed at improving the neuromuscular function 
of the hip, trunk, and lower extremity might be effective for the 
nonsurgical management of FAIS (10). Dynamic hip instability due 
to hip muscle weakness (11,12) and impaired pelvic control (13–
15) may lead to exaggerated mechanical loading of the acetabular  
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labrum (16) and up- regulation of nociceptive receptor activity 
(17). Improving the dynamic stability of the femoroacetabular joint 
through exercise therapy aimed at improving hip muscle strength 
and pelvic control during functional tasks (14) has been suggested 
as a way to reduce the mechanical loading and contact stress 
on the joint structures, and in turn to down- regulate nociceptor 
activity (10).

As the need to elucidate the effectiveness of nonsurgical 
treatment protocols for FAIS and to identify the characteristics of 
patients who can benefit from those protocols (7) is of primary 
clinical relevance, the aims of this preliminary study were to inves-
tigate the responsiveness of patients with FAIS to exercise ther-
apy and to evaluate the differences in hip function, hip muscle 
strength, and dynamic pelvic control, as well as hip morphology 
and intraarticular damage patterns between patients who were 
responsive versus patients who were nonresponsive to exercise 
therapy.

PATIENTS AND METHODS

Study design. Patients with FAIS underwent a 12- week 
semi- standardized and progressive exercise therapy program. 
Hip morphology and intraarticular damage were assessed with 
imaging at baseline. Hip pain, function, and quality of life were 
evaluated with patient- reported questionnaires at baseline and at 
weeks 6, 12, and 18. Hip muscle strength and dynamic pelvic 
control were respectively assessed with dynamometry and video 
analysis at baseline, week 12, and week 18. The study was con-
ducted according to the Declaration of Helsinki, and the protocol 
was approved by the Ethics Committee of the Canton of Zurich, 
Switzerland.

Participants. Patients were recruited by 2 expert hip sur-
geons (FDN, ML) from the Department of Orthopedic Surgery, 
Schulthess Clinic, Zurich, Switzerland. The inclusion criteria 
were a diagnosis of FAIS based on symptoms, clinical exami-
nation, and imaging findings (4), age between 18 and 35 years, 
no previous standardized nonsurgical treatment, and no urgent 
indication for hip surgery based on the surgeons’ opinion, such 

as early chondral degeneration in combination with severe cam 
morphology. Exclusion criteria were previous hip surgery, sur-
gery on the lower extremities in the last 6 months, hip dysplasia 
(lateral center edge angle <20°) (18), hip OA (Tönnis grade >1) 
(18), initiation of opioid analgesia or glucocorticoid hip injections 
in the last 3 months, a body mass index >35 kg/m2, or cardiopul-
monary diseases. All patients signed an informed consent form 
before participating in the study.

Intervention. All patients received education from the 
respective hip surgeons, including advice on activity and 
lifestyle modifications (4). Oral analgesia was permitted if 
needed, including nonsteroidal antiinflammatory drugs. The 
exercise therapy lasted 12 weeks and consisted of 4 ses-
sions/week (a total of 48 sessions). Two face- to- face ses-
sions/week were conducted at the Schulthess Clinic under 
the supervision of a therapist (24 supervised sessions), and 
2 sessions/week were conducted at home (24 home- based 
sessions). The semi- standardized protocol was aimed at 
improving dynamic hip joint stability with bilateral hip- specific 
strengthening and functional lower extremity strengthen-
ing, as well as core stability and postural balance exercises 
(10). The protocol consisted of 3 phases, with progres-
sively increasing neuromuscular loading (see Supplemen-
tary Table 1,  available on the Arthritis Care & Research web 
site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23728/ 
 abstract). Therapists were provided with a booklet that 
included a list of exercises that could be used within each 
training phase and exercise type. Therapists had the freedom 
to design each session by choosing from among the exer-
cises within each training phase and exercise type, based on 
the needs and capacities of patients. Supervised sessions 
lasted 45–60 minutes and included a warm-up, 4 hip- specific 
strengthening exercises, 2 functional lower extremity strength-
ening exercises (except in phase I), 2 core stability exercises, 
and 2 postural balance exercises. Home- based sessions 
lasted approximately 15 minutes and included a warm-up, 1 
hip abductor or extensor strengthening exercise, 1 functional 
lower extremity strengthening exercise (except in phase I), and 
1 core stability exercise. Feedback for correct task execution 
and pelvic control was provided to patients after the perfor-
mance of all exercises. The training volume for each exercise 
type was as follows: 1 series of 20 seconds for stretching exer-
cises, 3 series of 10–15 repetitions for isoinertial exercises, 3 
series of 10–40 seconds for isometric exercises, and 3 series 
of 30–60 seconds for postural balance exercises. Adherence 
to the intervention was controlled by asking therapists and 
patients to complete a protocol sheet after each supervised 
and home- based session, respectively.

Assessments. Therapy feasibility and responsiveness. 
 Patient eligibility and enrollment, therapy adherence (≥80% 

SIGNIFICANCE & INNOVATIONS
• Some but not all patients with femoroacetabular 

impingement syndrome (FAIS) benefit in the short 
term from exercise therapy.

• The responsiveness to hip abductor strength and 
dynamic pelvic control improvements following 
therapy are associated with good exercise therapy 
outcomes in patients with FAIS.

• The presence of severe cam morphology is asso-
ciated with poor exercise therapy outcomes in pa-
tients with FAIS.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23728/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23728/abstract
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attendance at therapy sessions), patients lost to follow- up, hip 
surgery rate until 1- year follow- up, and adverse event occurrence 
were reported. Exercise therapy responsiveness was evaluated 
using the Global Treatment Outcome (GTO) questionnaire for hip 
pain (19). The GTO is a single- item patient- reported questionnaire 
asking about changes in hip pain with respect to baseline. The 
5 response options are much better, better, somewhat better, 
unchanged, or worse. A good outcome was achieved if patients 
reported hip pain to be much better or better, while a poor out-
come was achieved if hip pain was somewhat better, unchanged, 
or worse at weeks 6, 12, and 18 compared with baseline (20). 
The GTO at week 18 was used to categorize patients as respond-
ers (good therapy outcome) and nonresponders (poor therapy 
outcome). Scales such as the GTO are frequently used in clinical 
research in patients with musculoskeletal disorders to assess the 
significance of change from the individual patient perspective fol-
lowing an intervention (21). The GTO has been specifically used 
in patients with FAIS to evaluate changes following hip surgery 
(19,20), demonstrating good construct validity (20).

Hip pain, function, and quality of life. Hip pain and function 
were evaluated using the Hip Outcome Score (HOS) (22). Two in-
dependent scores were obtained: 1 for activities of daily living (HOS 
ADL: 19 items, 17 scored) and 1 for sport activities (HOS Sport: 
9 items, 9 scored). Health- related quality of life was evaluated us-
ing the EuroQol 5- domain instrument (EQ- 5D) visual analog scale 
(VAS; range 0–100, where 100 = the best possible score) (23).

Hip muscle strength. Maximal voluntary isometric strength 
of the involved hip was evaluated with stabilized dynamometry 
(Nicholas Manual Muscle Tester; Lafayette Inc.) for hip abductors, 
adductors, and internal and external rotators, and with isokinetic 
dynamometry (Biodex System 4) for hip flexors and extensors. 
Test positions have been previously described elsewhere (11). 
For each muscle group, patients first completed 2 submaximal 
familiarization trials followed by 3–4 maximal trials. The rest inter-
val between trials was 60 seconds. For each muscle group, the 
highest torque normalized to body mass was retained.

Dynamic pelvic control. Dynamic pelvic control was evaluat-
ed with a visual rating scale during the execution of 2 challenging 
functional tasks: single- leg squat and hop lunge on the involved 
side (15,24). Standardized instructions for correct task execution 
were provided to the patients (15), who first completed 1–2 fa-
miliarization trials followed by 4 recorded trials. Functional tasks 
were recorded using a video camera (Logitech HD Pro Webcam 
C920), which was positioned frontal to the patient during the 
first 2 recorded trials and lateral to the patient during the second 
2 recorded trials (15). A highly experienced physical therapist 
(MB) retrospectively analyzed the videos and evaluated dynamic 
pelvic control using a segmental rating scale (15,24). The ther-
apist evaluated whether the pelvis dropped on the contralateral 
side in the frontal plane or rotated medially in the transversal 
plane, maintaining the vertical body axis (pelvis 1), and whether 
the pelvis moved away from the vertical body axis in the frontal 

plane (pelvis 2). For both pelvis 1 and pelvis 2, dynamic control 
was scored as 1 (good pelvic control) or 0 (poor pelvic con-
trol). Average rating scores were retained. Acceptable intrarater 
agreement was observed for the pelvic control rating as scored 
by a highly experienced physical therapist, with mean agreement 
coefficients ranging from 0.74 to 0.67 for single- leg squat, and 
from 0.83 to 0.78 for single- leg hop lunge (15).

Hip imaging. The presence of cam morphology, acetabu-
lar labrum alterations, and chondral damage in the involved hip 
were evaluated by 2 experienced radiologists (RS, CWP) with 
magnetic resonance imaging (MRI) arthrography (1.5T high- field 
system) (Magnetom Avanto; Siemens Medical Solutions). Cam 
morphology was determined using the cam severity grading sys-
tem and alpha angle. Cam severity grading is a semiquantitative 
scoring system that assesses the maximal offset at the head–
neck junction on radial sequences (25). This grading system 
ranges from 0 to 3, where 0 = normal, 1 = possible deformity,  
2 = definite deformity, and 3 = severe deformity. The alpha 
angle was measured on radial oblique MRI at the anterior, 
 anterosuperior, and superior segments (26). The maximal alpha 
angle was retained. Acetabular labral alterations were evaluated 

Figure 1. Study flow chart.
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on radial MRI as a linear band of high signal intensity detected 
in the  labrum (27). Chondral damage at the femoral head and in 
acetabulum was assessed with a semiquantitative grading scale 
(28). The presence of pincer morphology was assessed using 
the crossover sign on anteroposterior pelvic radiographs (29). In 
addition, the level of hip OA was evaluated on  anteroposterior 
pelvic radiographs using the Tönnis grading system (18).

Sample size. The sample size was determined based 
on mean ± SD changes in HOS ADL from baseline to 7- month  
follow- up in patients responsive (22 ± 18 points) versus nonre-
sponsive (4 ± 7 points) to pain and function improvements fol-
lowing hip arthroscopy for FAIS (30). Considering an effect size 
of 1.2, 5% type I error, 10% type II error, and 5% of patients lost 
to follow- up, a t- test calculation indicated a sample size of 17 for 
each group (34 total).

Statistical analysis. Descriptive data are shown as mean ± 
SD (continuous data) or as number and percentage (dichotomous 
data). Intent- to- treat analysis was performed, including all patients 
who completed the assessments at week 6. For missing data, the 
last observation carried forward technique was used. Per- protocol 
analysis was performed by including only those patients who com-
pleted the assessments at week 18. After controlling for assump-
tions, 2- way analysis of covariance with repeated measures was 
used to evaluate changes in hip pain and function, quality of life, 

and hip muscle strength (continuous data) at different times, and 
to evaluate differences between responders versus nonrespond-
ers while adjusting for baseline values. Fisher’s least significant dif-
ference tests were used for post hoc pairwise comparisons of the 
mean values. Fisher’s exact tests were used to evaluate changes 
in the proportion of patients with good dynamic pelvic control 
(dichotomous data) at different times and to evaluate differences 
between responders versus nonresponders. Baseline character-
istics were compared between responders versus nonrespond-
ers using unpaired t- tests (continuous data) and relative risks with 
Fisher’s exact tests (dichotomous data). Changes, differences, 
and relative risks were reported as mean values with 95% con-
fidence intervals. Minimal clinically important differences (MCIDs) 
of 8 points for HOS ADL (31), 14 points for HOS Sport (31), 15 
points for EQ- 5D VAS (20), and 10% for hip muscle strength were 
used for the interpretation of results. Statistical analyses were per-
formed using PASW Statistics software, version 18.0 (IBM). P val-
ues less than 0.05 were considered significant.

RESULTS

Therapy feasibility. Sixty patients were eligible for the study 
between October 2014 and September 2016 (Figure 1). Thirty- four 
consecutive patients (57%) were enrolled in the study. Five patients 
(15%) were lost to follow- up during the study: 3 before week 6 
because of insufficient therapy adherence and 2 between weeks 

Table 1. Patients’ characteristics at baseline*

All Responders Nonresponders Mean difference/relative risk

Demographics
Women, no. (%) 20 (65) 11 (69) 9 (60) 1.21 (0.57, 2.58)†
Age, years 25 ± 5 24 ± 5 25 ± 5 1 (–3, 4)‡

Anthropometrics
Body mass, kg 68 ± 12 65 ± 13 70 ± 11 5 (–4, 14)‡
Height, cm 172 ± 9 170 ± 9 173 ± 8 3 (–4, 9)‡
Body mass index, kg/m2 23 ± 4 22 ± 4 23 ± 3 1 (–1, 4)‡

Positive provocation tests, no. (%)
FADIR 29 (94) 16 (100) 13 (87) 2.23 (1.49, 3.34)†
FABER 19 (61) 12 (75) 7 (47) 1.81 (0.89, 3.69)†
Posterior impingement 17 (55) 10 (63) 7 (47) 1.39 (0.67, 2.87)†

Range of motion, degrees
Hip flexion 103 ± 12 101 ± 11 104 ± 14 3 (–6, 12)‡
Hip internal rotation 25 ± 10 25 ± 11 24 ± 10 –1 (–8, 7)‡
Hip abduction 35 ± 5 35 ± 5 35 ± 5 0 (–4, 3)‡

Symptoms duration, months 40 ± 36 37 ± 32 41 ± 36 4 (–20, 29)‡
Contralateral hip pain, no. (%) 13 (42) 5 (31) 8 (53) 0.63 (0.31, 1.30)†
Analgesics intake, no. (%) 4 (13) 0 (0) 4 (27) 0.41 (0.26, 0.64)§

* Values are the mean ± SD unless indicated otherwise. Responders (n = 16), nonresponders (n = 15). FADIR = flexion- 
adduction- internal rotation; FABER = flexion- abduction- external rotation. 
† Relative risk (95% confidence interval). 
‡ Mean difference (95% confidence interval). 
§ Relative risk (95% confidence interval); significant difference at P <0.05. 
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6 and 12 because of injuries unrelated to the study. Eight patients 
(25%) had hip surgery: 3 between weeks 6 and 12, 2 between 
weeks 12 and 18, and 3 between week 18 and 1 year of follow- up. 
Thirty- one patients had assessments at week 6 and were included 
in the intent- to- treat analysis. Twenty- four patients had assess-
ments at week 18 and were included in the per- protocol analysis. 
All patients (100%) included in the analyses attended >80% of the 
therapy sessions. No adverse event was recorded.

Therapy responsiveness. Compared with baseline, at 
weeks 6, 12, and 18, respectively, hip pain much better was 
reported by 3 patients (10%), 11 patients (35%), and 9 patients 
(29%); hip pain better was reported by 12 (39%), 10 (32%), and 
7 (22%); hip pain somewhat better was reported by 7 (22%), 5 
(16%), and 6 (19%); hip pain unchanged was reported by 7 (22%), 
3 (10%), and 5 (16%); and hip pain worse was reported by 2 (7%), 
2 (7%), and 4 (14%). A total of 15 patients (48%), 21 patients 
(68%), and 16 patients (52%) had a good outcome, that is, hip 
pain much better or better compared with baseline, at weeks 6, 
12, and 18, respectively. Demographics, anthropometrics, phys-
ical examination outcomes, and symptom duration did not differ 
between responders versus nonresponders at baseline (Table 1). 
The prevalence of patients who were taking pain medication for 
hip symptoms at baseline was significantly higher in nonrespond-
ers than responders (27% versus 0%; P = 0.043).

Hip pain, function, and quality of life. HOS ADL and HOS 
Sport significantly improved and reached the respective MCID at 
weeks 12 and 18 compared with baseline in responders, but not 
in nonresponders (Table 2). Significantly larger increases in HOS 
ADL and HOS Sport were observed in responders versus non-
responders at week 18 compared with baseline, achieving the 
respective MCID. The EQ- 5D VAS score significantly improved 

and approached the MCID at weeks 12 and 18 compared with 
baseline in responders, but not in nonresponders. A significantly 
larger increase in the EQ- 5D VAS score was observed in respond-
ers versus nonresponders at week 18 compared with baseline, 
approaching the MCID.

Hip muscle strength and dynamic pelvic control. 
The strength of all hip muscle groups significantly improved and 
reached the MCID at weeks 12 and 18 compared with baseline in 
responders (Table 3). The strength of hip internal rotators, external 
rotators, and flexors, but not of the other hip muscle groups, sig-
nificantly increased and achieved the MCID at weeks 12 and 18 
compared with baseline in nonresponders. A significantly larger 
increase in hip abductor strength was observed in responders 
versus nonresponders at weeks 12 and 18 compared with base-
line, reaching the MCID. The prevalence of patients performing 
the single- leg squat with good dynamic pelvis 2 control signifi-
cantly increased at week 18 compared with baseline in respond-
ers (19% versus 63%; P = 0.029), but not in nonresponders 
(Table 4).

Hip imaging. The prevalence of patients with cam severity 
grade 3 was significantly higher in nonresponders than in respond-
ers (40% versus 6%; P = 0.037) (Table 5). The mean ± SD alpha 
angle was 73 ± 6° in patients with cam severity grade 3, 68 ± 5° 
with grade 2, 60 ± 3° with grade 1, and 54 ± 2° with grade 0. The 
prevalence of pincer morphology and intraarticular damage did 
not differ significantly between responders versus nonresponders. 
All patients had Tönnis grade 0.

Per- protocol analysis. Results of per- protocol analysis 
were comparable with those of the intent- to- treat analysis (see Sup-
plementary Tables 2–6, available on the Arthritis Care & Research 

Table 2. Hip pain, function, and quality of life*

Scores by week, mean ± SD
Score changes within group, mean 

(95% CI)
Score differences between 

groups, mean (95% CI)

0 6 12 18 Week 6 Week 12 Week 18 Week 6 Week 12 Week 18

HOS ADL (0–100)
Responders 85 ± 9 91 ± 6 95 ± 7 95 ± 6 6 (3, 10)† 10 (7, 14)† 10 (7, 14)† 4 (–1, 11) 5 (–1, 11) 10 (5, 17)‡
Nonresponders 80 ± 18 82 ± 19 85 ± 17 80 ± 22 2 (–2, 5) 5 (1, 9)‡ 0 (–4, 3) – – –

HOS Sport (0–100)
Responders 71 ± 17 82 ± 15 90 ± 12 91 ± 10 11 (6, 16)† 19 (14, 24)† 20 (15, 25)† 8 (0, 16) 10 (2, 18)§ 14 (6, 22)‡
Nonresponders 68 ± 24 71 ± 22 77 ± 22 74 ± 23 3 (–2, 8) 9 (4, 14)† 6 (1, 11)§ – – –

EQ- 5D VAS (0–100)
Responders 78 ± 11 87 ± 10 91 ± 7 91 ± 9 9 (4, 13)† 13 (8, 17)† 13 (8, 17)† 4 (–4, 10) 8 (1, 14)§ 13 (5, 19)‡
Nonresponders 75 ± 16 80 ± 14 80 ± 13 75 ± 12 5 (1, 10)§ 5 (1, 10)§ 0 (–4, 5) – – –

* Responders (n = 16), nonresponders (n = 15). 95% CI = 95% confidence interval; HOS = Hip Outcome Score; ADL = activities of daily living; 
EQ- 5D VAS = EuroQol visual analog scale. 
† P <0.001. 
‡ P <0.01. 
§ P <0.05. 
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web site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23728/ 
abstract). In contrast with intent- to- treat analysis, HOS ADL and 
HOS Sport significantly improved and reached the respective 
MCID in nonresponders at week 12 compared with baseline, and 
change in HOS Sport did not differ in responders versus nonre-
sponders at week 18 compared with baseline. Moreover, change 
in hip abductor strength did not differ in responders versus non-
responders at week 18 compared with baseline.

DISCUSSION

In this preliminary study, half of the patients with FAIS  benefited 
at short- term follow- up from 12 weeks of semi-standardized and 

progressive exercise therapy. Responders improved their hip 
function during ADL and sport activities, as well as hip  abductor 
strength and pelvic control in the frontal plane during single- leg 
squat, whereas nonresponders did not. In addition, the large major-
ity of patients with severe cam morphology were not responsive to 
exercise therapy.

To the best of our knowledge, this is the first study that 
evaluates differences in hip function, strength, and morphology 
between responders versus nonresponders to exercise therapy 
for FAIS. The identification of patient characteristics, which may 
predict the success versus failure of exercise therapy, is of interest 
in orthopedics and sports medicine to provide valid nonsurgical  
treatment options and to strengthen surgical indications (7). The 

Table 4. Dynamic pelvic control of good performers*

Good performers Changes within group
Differences between 

groups

0 12 18 Week 12 Week 18 Week 12 Week 18

Single- leg squat
Pelvis 1

Responders 4 (25) 8 (50) 8 (50) 4 (25) 4 (25) 3 (18) 2 (12)
Nonresponders 3 (20) 4 (27) 5 (33) 1 (7) 2 (13) – –

Pelvis 2
Responders 3 (19) 9 (56) 10 (63) 6 (37) 7 (44)† 5 (31) 5 (31)
Nonresponders 4 (27) 5 (33) 6 (40) 1 (6) 2 (13) – –

Single- leg hop lunge
Pelvis 1

Responders 2 (13) 4 (25) 5 (31) 2 (12) 3 (18) 0 (0) 1 (5)
Nonresponders 3 (20) 5 (33) 5 (33) 2 (13) 2 (13) – –

Pelvis 2
Responders 2 (13) 4 (25) 5 (31) 2 (12) 3 (18) 0 (0) 1 (5)
Nonresponders 3 (20) 5 (33) 5 (33) 2 (13) 2 (13) – –

* Values are the number (%). Responders (n = 16), nonresponders (n = 15). Pelvis 1: pelvis moves out of neutral in the frontal or 
transversal plane; pelvis 2: pelvis moves away from midline. 
† Significant difference at P <0.05. 

Table 5. Hip morphology and intraarticular damage patterns*

Responders Nonresponders Relative risk (95% CI)

Cam severity grade
3 1 (6) 6 (40) 0.44 (0.24, 0.80)†
2 11 (69) 7 (47) 1.58 (0.77, 3.25)
1 2 (12) 1 (7) 1.50 (0.29, 7.75)
0 2 (12) 1 (7) 1.50 (0.29, 7.75)

Crossover sign 13 (81) 14 (93) 0.48 (0.08, 2.74)
Acetabular labral tear 13 (81) 13 (87) 0.80 (0.26, 2.50)
Cartilage damage

Acetabulum 3 (19) 6 (40) 0.61 (0.31, 1.21)
Femur 3 (19) 2 (13) 1.25 (0.40, 3.91)

* Values are the number (%) unless indicated otherwise. Responders (n = 16), nonresponders (n =15). 
95% CI = 95% confidence interval. 
† Significant difference at P <0.05. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23728/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23728/abstract
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main limitation of this study is the absence of a control group. 
At the time of study planning, we could not find an ethically and 
methodologically valid control treatment to compare the outcomes 
of exercise therapy. Thus, we decided to treat all patients with 
exercise therapy and retrospectively analyze differences between 
responders and nonresponders. In addition, a patient- reported 
outcome, that is, the GTO for hip pain, was used to categorize 
patients as responders versus nonresponders. An objective mea-
sure, such as hip cartilage health assessed using MRI arthrogra-
phy, could be used to avoid subjective bias (32), since treatments 
for FAIS should be aimed at reducing pain, but also at decelerating 
the hip degenerative process (4). However, hip joint degeneration 
changes were not expected in this study because of the short- 
term follow- up. Future studies with longer follow- up should eval-
uate whether exercise therapy might decelerate the degenerative 
process of the hip joint in patients with FAIS, preventing the devel-
opment of hip OA. Moreover, differences in hip function, strength, 
and morphology changes following exercise therapy were not 
evaluated between female and male patients. Since we found no 
sex difference in exercise therapy responsiveness (Table 1), sex 
was not used as a covariate in our analyses. In addition, the small 
sample size did not allow us to use sex as a main factor in our 
analyses. Future larger studies should, however, consider sex dif-
ferences for exercise therapy effectiveness due to different clinical 
(33) and functional characteristics (13,34) presented by female 
and male patients with FAIS.

The responsiveness to exercise therapy found in our study 
(52%) was similar or better compared with that observed in earlier 
studies (35,36) and similar to the outcomes reported for hip sur-
gery for FAIS at short- term follow- up (20). Hunt et al (35) observed 
that only 33% of their patients with FAIS could benefit from a trial 
of exercise therapy, while Wright et al (36) and Impellizzeri et al (20) 
had 60% of their patients reporting good outcomes after 6 weeks 
of exercise therapy, and at 6 months after hip surgery, respec-
tively. The relatively poor outcomes reported by Hunt et al may be 
the result of the low and variable amount of therapy provided to 
the patients (i.e., a mean of 6 sessions, range 1–19) (35). In the 
current study, 8 patients (25%) decided to have hip surgery, fol-
lowed up for 1 year, during which they chose to have surgery. All 
of them had a poor outcome at the last available follow- up, with 4 
patients reporting their hip pain to be worse, 3 unchanged, and 1 
somewhat better compared with baseline. These patients gener-
ally reported lower hip function and strength outcomes compared 
with other nonresponders, as confirmed by the per- protocol 
analysis, in which only the best nonresponders who completed 
all follow-ups were included. Indeed, larger improvements in hip 
function and strength were observed for nonresponders in the 
per- protocol than in the intent- to- treat analysis, resulting in fewer 
differences compared with responders. The observed surgery rate 
was lower than that in earlier studies (53–65%) (35,36). The level 
of symptoms and hip joint degeneration may explain the higher 
surgery rates in previous studies, with patients being on average 

older than our patients (34 versus 24 years) (35,36), having more 
hip pain and worse hip function (36), and most of them already 
being considered for surgery at baseline (35,36).

The responsiveness to improvements in hip abductor 
strength and dynamic pelvic control while performing a single- 
leg squat was associated with good therapy outcomes. These 
results strengthen the rationale that an improved dynamic sta-
bility of the femoroacetabular joint may reduce the mechanical 
load on the acetabular labrum, resulting in a reduction of symp-
toms (10). In particular, hip abductor muscles seem to be deter-
minant for achieving a good dynamic pelvic control (15,37) and 
 femoroacetabular joint stability (38). Nevertheless, future research 
needs to confirm these observations by investigating the effects 
of hip muscle strength and pain changes following exercise ther-
apy on hip joint kinematics, loading, and contact stresses, using 
motion analysis, musculoskeletal modeling, and finite element 
modeling, respectively. In addition, exercise therapy lasting less 
than 12 weeks, as well as therapy discontinuation after 12 weeks 
of training, might be associated with poor therapy outcomes. 
Indeed, the prevalence of patients with a good outcome increased 
from 48% after 6 weeks to 68% after 12 weeks of therapy. More-
over, patients with a good outcome did not achieve a clinically 
relevant improvement in hip pain and function before 12 weeks 
of therapy. We speculate that 6 weeks of therapy are not enough 
to induce the neuromuscular adaptations responsible for dynamic 
hip stability improvements and symptoms reduction (39). In addi-
tion, the prevalence of patients with a good outcome decreased 
from 68% after 12 weeks of therapy to 52% at follow- up 6 weeks 
later. We assume that the worsening of symptoms in some 
patients may be the result of insufficient training stimuli after com-
pletion of supervised therapy, not enabling them to preserve the 
achieved benefits.

The presence of severe cam morphology seems to predict 
the failure of exercise therapy. In our study, 7 patients (23%) 
presented with severe cam morphology: only 1 was responsive 
to exercise therapy, while 6 were not. We assume that large 
morphologic abnormalities at the proximal femur do not allow 
improvement of hip neuromuscular function and dynamic hip 
stability following exercise therapy, so as to reduce the symp-
toms. In our study, severe cam deformities corresponded to a 
mean ± SD alpha angle of 73 ± 6°. There is increasing evidence 
that patients with an alpha angle >78° have a high risk of devel-
oping hip OA (40). Taken together, these findings suggest that 
patients with severe cam morphology are probably not the best 
candidates for nonsurgical treatment options, but rather should 
be considered for hip surgery.

Half of the patients with FAIS benefit from exercise therapy 
in the short term by experiencing a clinically relevant hip pain 
reduction. Responsiveness to improvements in hip function, 
hip abductor strength, and dynamic pelvic control is associ-
ated with a good therapy outcome. In contrast, the presence 
of severe cam morphology is associated with a poor therapy 
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outcome. Future randomized controlled trials  comparing exer-
cise therapy with a control treatment (e.g., passive physical 
therapy) should be conducted to confirm these preliminary 
results.
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Objective. To estimate the prevalence and incidence of psoriasis and psoriatic arthritis (PsA) over time in Ontario, 
Canada.

Methods. We performed a population- based study of Ontario health administrative data, using validated case 
definitions for psoriasis and PsA. We computed the crude and age- and sex-standardized cumulative prevalence and 
incidence of psoriasis from 2000 to 2015.

Results. Among the 10,774,802 individuals ages ≥20 years residing in Ontario in 2015, we identified 273,238 
patients with psoriasis and 18,655 patients with PsA, equating to cumulative prevalence estimates of 2.54% and 
0.17%, respectively. Correcting the prevalence estimates for imperfect sensitivity and specificity resulted in similar 
estimates. The male:female ratio was approximately 1.0 for both conditions. For psoriasis, the age- and sex-standard-
ized cumulative prevalence increased from 1.74% in 2000 to 2.32% in 2015. For PsA, the age- and sex-standardized 
cumulative prevalence increased from 0.09% in 2008 to 0.15% in 2015. Between 2008 and 2015, annual incidence 
rates for psoriasis decreased, whereas those for PsA remained relatively stable.

Conclusion. The prevalence and incidence of psoriasis and PsA in Ontario are similar to those observed in 
Europe and the US. The steady increase in the prevalence of psoriasis and PsA over the past decade may be due to 
a combination of population aging, population growth, and increasing life expectancy.

INTRODUCTION

Psoriasis is an immune- mediated chronic skin disease that 
may involve other organ systems, including the joints. Although 
generally not life- threatening, psoriasis may be associated with 
important morbidity and disability. It can range from a very mild dis-
ease with a few small plaques to severe widespread skin lesions 
that may lead to disability and poor quality of life (1). The impact of 

moderate-to-severe disease on physical, mental, and emotional 
well- being is similar to that of other serious, chronic conditions, 
including diabetes mellitus and cancer (2,3). Furthermore, psori-
asis is associated with other comorbidities that contribute to the 
burden of disease on quality of life, physical function, and survival 
(4,5). Up to one- third of the patients with psoriasis develop an 
inflammatory arthritis termed psoriatic arthritis (PsA) (6). In most 
patients, PsA runs a course of a chronic, progressive disease that 
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can lead to severe joint damage and disability that are comparable 
to those that occur in rheumatoid arthritis (7). Thus, PsA poses a 
major health burden, in addition to that caused by psoriasis alone.

The prevalence of psoriasis in population- based studies from 
Europe ranges from 1.3% to 8.5% (8). Data about the epidemi-
ology of PsA are scarce. Studies from Europe estimate that the 
prevalence of PsA ranges from 0.16% to 0.32% (9). There is lim-
ited information about the population- based epidemiology of pso-
riasis and PsA in North America. An online survey conducted in 
Canada showed a prevalence of 1.0–3.1% of self- reported psori-
asis in a sample from the general population. The estimated prev-
alence of PsA in these patients was 18% (10). The major limitation 
of this study was its reliance on self- reported diagnoses, which are 
associated with inaccuracies that can lead to misclassification of 
cases and controls.

Studying trends in the prevalence of psoriatic disease is 
important for understanding and projecting the burden of disease. 
Better knowledge of the epidemiology of psoriatic disease could 
improve health care planning and resource use. Therefore, the aim 
of this study was to estimate the population prevalence and inci-
dence of psoriasis and PsA and their temporal trends, in Ontario, 
Canada.

PATIENTS AND METHODS

Data sources. In this population- based study, we used 
health administrative databases from Ontario, Canada represent-
ing 40% of the Canadian population, with 10.9 million adults in 
2016 (11). All Ontarians are insured under a single- payer system, 
the Ontario Health Insurance Plan (OHIP), for hospital and phy-
sician services and procedures; however, outpatient prescrip-
tion medications are funded only for social assistance recipients 
ages ≥65 years and for residents who have very high drug costs 
relative to their income. Health care encounters are recorded in 

 administrative health care databases, which are linked using an 
encoded health insurance number that is unique to each Ontarian 
eligible to receive insured health services in the province. These 
data were held securely and analyzed in linked, coded form at the 
Institute for Clinical Evaluative Sciences (ICES; www.ices.on.ca).

Using these data we conducted a retrospective population- 
based cohort study from 2000 to 2015. We used the OHIP Claims 
History Database (12) to identify diagnosis codes for psoriasis and 
PsA on physician service claims. These diagnoses are coded 
using a modification of the International Classification of Diseases, 
Ninth Revision (ICD- 9) (13). Information on physician specialty 
was obtained by linking the OHIP database to the ICES physician 
database. Hospital diagnoses for psoriasis and PsA were identi-
fied using the Canadian Institute for Health Information Discharge 
Abstract Database, which contains detailed information regard-
ing treatments and procedures rendered during all acute hospital 
admissions. Hospital data prior to 2002 have diagnoses coded in 
ICD- 9 (13) and contain up to 16 diagnoses per hospital encounter. 
Hospitalizations after 2002 are coded using ICD- 10 and contain 
up to 25 diagnoses per encounter. Here we included both primary 
and secondary hospital discharge diagnoses of psoriasis and PsA. 
Information regarding patients’ demographic characteristics, vital 
status, and health insurance status were obtained from the OHIP 
Registered Persons Database. The linkage process is shown in 
Figure 1. Use of data in this project was authorized under section 
45 of Ontario’s Personal Health Information Protection Act, which 
does not require review by a research ethics board.

Psoriasis and PsA case definition development and 
validation. In order to develop algorithms for the identification of 
patients diagnosed with psoriasis and/or PsA, we derived a valida-
tion data set that was comprised of true- positive (psoriasis and/or 
PsA patients) and true- negative (patients without psoriasis or PsA) 
reference standards from primary care electronic medical records 
(EMRs). We identified 2,210 adult patients with suspected psori-
asis and PsA through a targeted search for any possible psoriatic 
disease–related terms in the EMRs of a random sample of 30,424 
patients in the primary care EMR Administrative Data Linked Data-
base, which also is housed at ICES. The reference standard for 
classifying patients with physician- recorded psoriasis and/or PsA 
was confirmed using a retrospective chart abstraction. All 30,424 
patients were then linked to health administrative data to assess 
the performance of the different algorithms combining physician 
billing and hospitalization diagnostic codes, medications, and pro-
cedures for identification of patients with psoriatic disease (14). 
The sensitivity, specificity, positive predictive value (PPV), and neg-
ative predictive value (NPV) were computed for each algorithm. We 
decided a priori that the algorithm yielding the highest combination 
of PPV and sensitivity would be used to create psoriasis and PsA 
cohorts. The following algorithms were deemed optimal and used 
for the primary analysis: (for psoriasis) at least 1 diagnosis in hos-
pitalization records OR at least 2 psoriasis diagnostic codes ever 

SIGNIFICANCE & INNOVATIONS
• The study provides real-world data that enhance 

our understanding of the epidemiology of psoriat-
ic disease in a population of more than 10 million 
adult individuals.

• In 2015, the prevalence of psoriasis and psoriatic 
arthritis in Ontario was 2.54% and 0.17%, respec-
tively.

• The cumulative prevalence of both PsA and psori-
asis has gradually increased over the past decade, 
while at the same time global incidence rates of 
both have either remained stable or slightly de-
creased.

• The steady increase in the prevalence of psoriasis 
and PsA over the past decade may be due to a com-
bination of population aging, population growth, 
and increasing life expectancy.

http://www.ices.on.ca
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assigned by any physician (specificity 99%, sensitivity 52%, PPV 
62%, NPV 100%); (for PsA) at least 1 diagnosis in hospitalization 
records OR a combination of at least 1 psoriasis diagnosis code 
ever assigned by any physician AND at least 2 diagnostic codes 
of spondyloarthritis ever assigned with at least 1 assigned by a 
rheumatologist or internal medicine specialist (specificity 100%, 
sensitivity 51%, PPV 65%, NPV 99%). We performed a sensitivity 
analysis to assess the changes in prevalence estimates of pso-
riasis and PsA when using a more stringent case definition that 
required 3 instead of 2 diagnostic codes for psoriasis and spondy-
loarthritis, respectively, and keeping the remaining terms the same.

Statistical analysis. The crude and age- and sex- 
standardized annual prevalence and incidence rates were cal-
culated (with corresponding 95% confidence intervals [95% 

CIs]) for psoriasis and PsA by dividing the number of patients 
ages ≥20 years classified as having PsA by the number of 
Ontario residents ages ≥20 years. For psoriasis, this calcu-
lation was done annually for the period 2000–2015. For PsA, 
results are reported from 2008 onward due to the introduction 
of spondyloarthritis- specific billing codes in 2005, permitting a 
3- year stabilization period for case accrual.

While the administrative data were available from 1990 
onward, we introduced a 10- year run- in period to distinguish 
between incident and prevalent psoriasis patients, as preva-
lent cases would otherwise appear as incident when the data 
became available. Thus, the prevalence and incidence rates 
of psoriasis are reported from 2000 onward. For PsA a longer 
run- in period was used (due to changes in billing codes), and the 
results were reported from 2008 onward.

Figure 1. Summary of case identification using the different administrative databases. PsA = psoriatic arthritis; ICES = Institute for Clinical 
Evaluative Sciences.

Figure 2. Age distribution of psoriasis (A) and psoriatic arthritis (PsA) (B) by sex in Ontario (2015).
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In order to identify incident cases, disease onset was defined 
as the date of the first qualifying health services contact for which 
a diagnosis of psoriasis or PsA was provided. Prevalent cases 
remained in their respective cohorts from the date of their first qual-
ifying diagnosis of psoriasis or PsA until they left the province, died, 
or reached the end of the study (December 2015). Annual sex-  and 
age- specific prevalence and incidence rates were calculated for 
10- year age groups and expressed as proportions using the 1991 
Ontario population for direct age and sex standardization.

Due to the suboptimal PPV and sensitivity of the algorithms 
for psoriasis and PsA, we performed a sensitivity analysis that 
adjusted the prevalence and incidence rates of psoriasis and 
PsA based on the operating characteristics of each algorithm, 
to better estimate the number of true positive cases of psoriasis 
and PsA patients (14). Using data from our validation study, we 
estimated the number of true and false positive cases and con-
trols (separately for psoriasis and PsA). We then estimated the 
false positive rate (FPR) and false  negative rate (FNR) as follows:

Finally, the probability of having the disease in the general popula-
tion was calculated by noting P(Algorithm+)=(1- FNR)P(Disease) + 
FPR(1- P(Disease)), giving a revised prevalence estimate of

When this revised estimate gave a negative value it was set to 
zero. The 95% CIs were calculated using nonparametric boot-
strap resampling (15).

RESULTS

Prevalence and incidence of psoriasis. Among the 
10,774,802 individuals ages ≥20 years living in Ontario in 2015, 
we identified 273,238 patients with a diagnosis of psoriasis 
according to our algorithm (7,541 incident cases), resulting in an 
overall crude prevalence of 2.54% (95% CI 2.53–2.55) and overall 
crude incidence of 69.9 (95% CI 68.4–71.6) per 100,000 popu-
lation. The corrected prevalence of psoriasis remained similar at 
2.76% but with a wider 95% CI (2.47–3.05). Psoriasis distribution 
was similar between males and females (male:female ratio 1.03). 
The age distribution of psoriasis patients is shown in Figure 2A.

Prevalence and incidence of PsA. Overall, 18,655 
patients were identified with a diagnosis of PsA living in Ontario 
in 2015 (1,647 new diagnosis cases), which resulted in an overall 
crude prevalence of 0.173% (95% CI 0.171–0.176) and incidence 
rate of 15.3 (95% CI 14.6–16.0) per 100,000 population. The cor-
rected prevalence of PsA remained similar at 0.206% (95% CI 
0.136–0.289). As with psoriasis, the prevalence of PsA was similar 

FPR=

#Disease−Free but classified as Diseased

#Disease−Disease Free

FNR=

#Diseased but Classified as Disease−Free

#Diseased

P∗ (Disease)=
P(Algorithm+)−FPR

1−FNR−FPR
=

Table 1. Crude and age- and sex-standardized prevalence and incidence of psoriasis in Ontario by year (2000–2015)*

Year

Prevalence per 100 Incidence per 100,000

Population Psoriasis Crude, %
Standardized, 
% (95% CI)† New psoriasis Crude

Standardized 
(95% CI)†

2000 8,768,082 156,430 1.78 1.74 (1.73–1.75) 9,873 112.6 111.1 (108.9–113.4)
2001 8,958,878 165,938 1.85 1.80 (1.79–1.81) 9,849 109.9 108.6 (106.5–110.8)
2002 9,094,208 174,689 1.92 1.86 (1.85–1.86) 9,203 101.2 99.7 (97.6–101.8)
2003 9,227,868 183,257 1.99 1.91 (1.90–1.92) 9,111 98.7 97.3 (95.3–99.3)
2004 9,355,095 191,840 2.05 1.97 (1.96–1.98) 9,060 96.8 95.3 (93.3–97.3)
2005 9,475,920 199,981 2.11 2.02 (2.01–2.03) 8,645 91.2 89.8 (87.9–91.8)
2006 9,593,910 208,362 2.17 2.07 (2.06–2.08) 8,979 93.6 92.7 (90.7–94.7)
2007 9,699,525 216,250 2.23 2.12 (2.11–2.12) 8,601 88.7 87.6 (85.7–89.6)
2008 9,829,603 223,919 2.28 2.15 (2.14–2.16) 8,585 87.3 85.9 (84.0–87.8)
2009 9,988,048 231,627 2.32 2.18 (2.17–2.19) 8,610 86.2 85.2 (83.4–87.1)
2010 10,124,330 238,879 2.36 2.21 (2.20–2.22) 8,399 82.9 81.8 (80.0–83.7)
2011 10,277,982 246,436 2.40 2.24 (2.23–2.25) 8,868 86.2 85.0 (83.2–86.9)
2012 10,425,784 254,041 2.44 2.26 (2.26–2.27) 8,883 85.2 83.9 (82.1–85.7)
2013 10,564,887 261,241 2.47 2.29 (2.28–2.30) 8,789 83.2 82.1 (80.3–83.9)
2014 10,655,455 267,594 2.51 2.31 (2.30–2.32) 8,212 77.1 76.1 (74.4–77.9)
2015 10,774,802 273,238 2.54 2.32 (2.31–2.33) 7,541 69.9 68.7 (67.1–70.3)

* Values are the number, unless indicated otherwise. 95% CI = 95% confidence interval. 
† Age-  and sex- standardized to Ontario population in 1991. 
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in males and females (male:female ratio 0.94). The age distribution 
of patients with PsA is shown in Figure 2B. 

Temporal trends of psoriasis and PsA. The crude 
and the age-  and sex- standardized incidence rates from 2008 
to 2015 are shown in Tables 1 and 2. The crude prevalence 
of psoriasis increased by approximately 45% during the study 
period, from 1.78% in 2000 to 2.54% in 2015 (Table 1). A sim-
ilar increase was observed in the age-  and sex- standardized 
psoriasis prevalence, from 1.74% in 2000 to 2.32% in 2015. 
The crude and age-  and sex- standardized incidence rates 
showed a gradual decrease from 2000 to 2015 (standardized 
incidence rates per 100,000: 111.1 in 2000 and 68.7 in 2015). 
The prevalence rates increased to similar degrees in both 
sexes over time (data not shown). The temporal trends in sex- 
standardized prevalence and incidence of psoriasis by age 
groups are shown in Figure 3. A more pronounced increase 
in the prevalence of psoriasis was observed in the older age 
groups (ages ≥65 years).

A similar trend was observed in the prevalence of PsA, 
with doubling of the crude prevalence from 0.098% in 2008 
to 0.173% in 2015. The changes in the age-  and sex- 
standardized PsA prevalence were comparable (from 0.088% 
in 2008 to 0.149% in 2015). The crude and age-  and sex- 
standardized incidence rates remained stable from 2008 to 
2015 with approximately 13 to 15 per 100,000 population. 
The temporal trends in sex- standardized prevalence and inci-
dence of PsA by age groups are shown in Figure 4. A more 
prominent increase in the prevalence of PsA was seen in the 
middle age and older individuals (ages >45 years).

Sensitivity analysis. A sensitivity analysis was per-
formed to assess the changes in the prevalence of psoriasis 
and PsA when using more stringent algorithms, requiring 3 
instead of 2 diagnostic codes for psoriasis and spondyloar-
thritis for case definition. Using a more stringent definition, 
the estimated crude prevalence and incidence of patients 
with psoriasis and PsA living in Ontario in 2015 were psoria-

Table 2. Crude and age- and sex-standardized prevalence and incidence of psoriatic arthritis (PsA) in Ontario by year (2008–2015)*

Year

Prevalence Incidence

Population PsA Crude, %
Standardized, 
% (95% CI)† New PsA Crude

Standardized 
(95% CI)†

2008 9,829,603 9,662 0.098 0.088 (0.086–0.090) 1,386 14.1 13.0 (12.3–13.7)
2009 9,988,048 10,833 0.108 0.097 (0.095–0.099) 1,278 12.8 11.8 (11.1–12.5)
2010 10,124,330 11,994 0.118 0.105 (0.103–0.107) 1,284 12.7 11.7 (11.1–12.4)
2011 10,277,982 13,176 0.128 0.113 (0.111–0.115) 1,338 13.0 11.8 (11.2–12.5)
2012 10,425,784 14,496 0.139 0.122 (0.120–0.124) 1,442 13.8 12.8 (12.1–13.5)
2013 10,564,887 15,881 0.150 0.131 (0.129–0.133) 1,542 14.6 13.2 (12.5–13.9)
2014 10,655,455 17,206 0.161 0.140 (0.138–0.142) 1,524 14.3 13.0 (12.3–13.7)
2015 10,774,802 18,655 0.173 0.149 (0.147–0.151) 1,647 15.3 14.0 (13.3–14.7)

* Values are the number, unless indicated otherwise. 95% CI = 95% confidence interval. 
† Age-  and sex- standardized to Ontario population in 1991. 

Figure 3. Sex-standardized temporal trends by age groups in the prevalence (A) and incidence (B) of psoriasis in Ontario from 2000 to 2015.
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sis 1.71% (95% CI 1.71–1.72) and 36.1 (95% CI 34.9–37.2) 
per 100,000 population, respectively, and PsA 0.167% (95% 
CI 0.164–0.169) and 13.6 (95% CI 12.9–14.3) per 100,000 
 population, respectively.

A total of 18,655 patients with a diagnosis of PsA were iden-
tified living in Ontario in 2015 (1,647 new diagnosis cases), which 
resulted in an overall crude prevalence of 0.173% (95% CI 0.171–
0.176) and an incidence rate of 15.3 (95% CI 14.6–16.0) per 
100,000 population. The corrected prevalence of PsA remained 
similar at 0.206% (95% CI 0.136–0.289). As with psoriasis, the 
prevalence of PsA was similar in males and females (male:female 
ratio 0.94).

DISCUSSION

In this population- based study, we describe trends in the 
prevalence and incidence of psoriasis and PsA in Ontario over 
the past 15 years. In 2015, the prevalence of psoriasis and PsA 
in Ontario was 2.54% and 0.17%, respectively. The correspond-
ing incidence rates were 69.9 and 15.3 per 100,000 population, 
respectively. The cumulative prevalence of both PsA and psoriasis 
has gradually increased over the past decade, while at the same 
time global incidence rates of both have either remained stable or 
slightly decreased.

The population- based epidemiology of psoriatic disease 
has been investigated mostly in European populations. Public 
health data about the epidemiology of psoriasis and PsA in North 
America are relatively limited and somewhat dated. The preva-
lence of psoriasis has been estimated to be between 0.5% and 
3.15% of the US population (8). Information about the population 
prevalence of PsA in North America is scarce. In a phone survey 
that included 27,220 randomly selected individuals, the preva-
lence of PsA was found to be 0.25% (16). The primary limitation 
of  population surveys is the use of a case definition of unknown 

validity that relied on self- reported diagnosis of psoriasis and PsA. 
In a small population- based study (147 patients with PsA) that 
used an administrative database from Minnesota, in the US, the 
point prevalence of PsA was 0.16%, and the incidence was 7.2 
cases per 100,000 population (17). Administrative health data-
bases are increasingly used in Canada and abroad to evaluate 
the population burden of diseases. The public health care system 
in Canada, along with the availability of provincial databases, pro-
vides an opportunity to evaluate the prevalence and incidence of 
psoriatic disease at the population level.

To the best of our knowledge, this is the first large- scale 
population- based study of the prevalence of psoriasis and PsA in 
Canada. Our estimated prevalence of psoriasis in Ontario (2.54%) 
falls well within the prevalence range of physician- confirmed diag-
nosis of psoriasis reported from other population- based studies 
from Northern European countries of 1.3–2.84% and US studies 
showing a prevalence of 0.5–3.1% (8,18). Similarly, the preva-
lence of PsA (0.17%) was similar to previous reports of physician- 
confirmed diagnosis of PsA from the US and Northern European 
countries (0.13–0.28%) (9). In accordance with previous reports, 
the prevalence of psoriasis and PsA in Ontario was higher than 
the prevalence in East Asian populations (<0.1% and <1.5%, 
respectively) (19,20). Overall, our estimated incidence rate of PsA 
of 15.3 cases per 100,000 population fell within previous esti-
mates from other European populations, which ranged from 6.1 to 
41.3 per 100,000 population (21–23). Similarly, the incidence rate 
of psoriasis (69.9 per 100,000 population) is close to previously 
reported incidence rates from European populations and higher 
than in East Asian populations (18). Variation in point estimates of 
prevalence and incidence may be partially attributed to method-
ologic differences among the published studies, but genetic and 
environmental factors also are important. In general, studies of  
self- reported diagnoses have shown higher prevalence estimates 
than those relying on medical records or health administrative data.

Figure 4. Sex-standardized temporal trends in the prevalence (A) and incidence (B) of psoriatic arthritis in Ontario from 2008 to 2015.
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Over time we estimated a steady increase in the prevalence 
of psoriasis and PsA in Ontario during the study period, while 
the incidence rate remained relatively stable (in PsA) or slightly 
decreased (in psoriasis). Studies from the UK, Norway, and Spain 
showed a similar temporal increase in the prevalence of psoria-
sis (24–27), and recent studies from Denmark and Israel (23,28) 
showed temporal increases in the prevalence and incidence of 
PsA. Springate et al (24) simultaneously examined trends in the 
incidence, prevalence, and mortality of patients with psoriasis in 
the UK over the past 15 years. They concluded that the observed 
temporal increase in prevalence was explained by the increasing 
survival of psoriasis patients, which results in a steady growth of 
the pool of patients. We are unable to prove or disprove such 
hypotheses with the current data.

Our case definitions for psoriasis and PsA are based on 
algorithms that underwent a rigorous process of validation. We 
selected algorithms that optimized PPV and sensitivity, as both are 
desirable properties when evaluating the prevalence of a disease 
in the general population. A few studies that evaluated the validity 
of psoriasis and PsA diagnostic codes in administrative databases 
have been published (29–33). The majority of the studies restricted 
their validation process to patients who were identified by a pre-
selected algorithm, which may explain the higher PPV (ranging 
from 85% to 90%) compared to the algorithms used in our study 
(30–33). When using a methodology similar to ours for validation 
of psoriasis in EMR databases, Icen et al (29) found similar a PPV 
(68.7%), highlighting the inaccuracies of case definition and the 
need to consider these in studies showing the epidemiology of a 
disease using administrative data.

The primary strength of our study is the use of a central-
ized data resource in the setting of a public health system, with 
equal access to health care for the entire population. As with 
any study, there are important potential limitations to consider. 
First, the case definition is based on diagnostic coding from 
physicians and hospital records, and physicians possibly used 
these codes when trying to rule out the diagnosis. Second, we 
relied on documentation in the family physician EMR, and it is 
possible that family physicians did not accurately diagnose or 
record these conditions in their patient records. This potential 
may have led to misclassification of cases. To account for imper-
fect sensitivity and PPV, we provided corrected estimates of the 
prevalence that were based on the known properties of the algo-
rithms (e.g., sensitivity and specificity). The corrected estimates 
were close to the initial uncorrected estimates. This agreement 
gives us confidence that our employed algorithm can be used 
to give reasonably accurate estimates of prevalence and inci-
dence in large populations over time, but given the lack of sen-
sitivity and PPV, the application of this algorithm probably can 
not be used to accurately identify individual patients with these 
disease conditions. Fourth, we could not capture patients with 
undiagnosed psoriasis and PsA. Last, we could only evaluate 
the trends in the occurrence of PsA since 2008 due to changes 

in billing code practice in the years prior. The increase in the 
prevalence of PsA since 2008 may be partially explained by 
assigning new codes to prevalent PsA patients. In summary, we 
provide real- world data that enhance our understanding of the 
epidemiology of psoriatic disease in a population of more than 
10 million adult individuals. The estimated prevalence of pso-
riasis and PsA appear to have gradually increased over time, 
highlighting the importance of the burden of psoriatic disease.
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Psoriatic Arthritis Disease Activity During and After 
Pregnancy: A Prospective Multicenter Study
Kristin Ursin,1 Stian Lydersen,2 Johan F. Skomsvoll,3 and Marianne Wallenius1

Objective. To study disease activity in women with peripheral psoriatic arthritis (PsA) during and after pregnancy. 
Previous knowledge on this topic is sparse.

Methods. The study included 108 pregnancies in 103 women with PsA from a Norwegian nationwide register. Dis-
ease activity was assessed prospectively at 7 time points before, throughout, and after pregnancy with the 3- variable 
Disease Activity Score in 28 joints (DAS28) using C- reactive protein levels and the Bath Ankylosing Spondylitis Dis-
ease Activity Index (BASDAI). Scores assessed at each time point were analyzed in a linear mixed model. We did 
additional analyses with “tumor necrosis factor inhibitor (TNFi) in pregnancy” as a covariate. The same statistical 
method was used to study self- reported physical function, pain, and mental health.

Results. Approximately 75% of the women were in remission or had low disease activity during and after pregnan-
cy according to the DAS28- CRP score. Although disease activity was altogether stable, we found that it decreased 
in pregnancy and increased within 6 months postpartum. Disease activity at 6 months postpartum was significantly 
higher than at 6 weeks postpartum (mean DAS28- CRP score 2.71 versus 2.45; P = 0.016). Women using TNFi in 
pregnancy had significantly lower disease activity than women not using TNFi (mean DAS28- CRP score at 6 months 
postpartum 2.22 versus 2.72; P = 0.043). BASDAI scores were also low and stable during pregnancy but significantly 
higher at 6 months postpartum than at 6 weeks postpartum (mean BASDAI score 3.69 versus 2.95; P = 0.013).

Conclusion. Studying women with PsA, we found that disease activity was highest at 6 months postpartum but 
altogether low and stable in the period from planning pregnancy to 1 year after delivery. Women using TNFi in preg-
nancy had significantly lower disease activity.

INTRODUCTION

Psoriatic arthritis (PsA) is an inflammatory joint disease asso-
ciated with the skin disease psoriasis (1). As a member of the 
spondyloarthritis (SpA) family, PsA may present with predomi-
nantly peripheral or axial involvement. Reported prevalence of PsA 
varies between <0.01% and 0.67% (2).

While a study from 2008 confirmed that women with rheu-
matoid arthritis (RA) achieve remission in pregnancy, although 
less frequently than previously described (3), little is known 
about PsA and pregnancy. The only prospective study on the 
subject demonstrated improvement during pregnancy and 
deterioration in the postpartum period (4). That study is from 
1992, before the widespread use of biologic disease- modifying 
antirheumatic drugs (DMARDs). Two small retrospective studies 

later showed diverging results concerning disease activity dur-
ing pregnancy in patients with PsA (5,6). In the current study, 
the main aim was to prospectively study disease activity in 
women with peripheral PsA from preconception to 1 year post-
partum, using validated disease activity measures. Changes in 
self- reported physical function, pain, and mental health were 
also explored.

PATIENTS AND METHODS

The RevNatus register. RevNatus is a nationwide Norwe-
gian observational register, run by the national advisory unit on 
pregnancy and rheumatic diseases since 2006. The register fol-
lows women with inflammatory rheumatic diseases from precon-
ception until 1 year postpartum.
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Patient population. This study comprised women 
included in RevNatus with a diagnosis of PsA between January 
2006 and October 2017. All women fulfilled the Classification 
of Psoriatic Arthritis criteria (7). Women with psoriasis and pre-
dominantly peripheral arthritis are included in RevNatus as PsA. 
Patients with mainly axial involvement are included as axial SpA. 
We included women with data from at least 1 time point in preg-
nancy, thus excluding women who had not conceived at the time 
of our analyses. Pregnancies not resulting in a live birth were also 
excluded.

Data collection and description of outcome vari
ables. Ideally, women included in RevNatus have 7 visits at 
their local rheumatology unit: before pregnancy (visit 0), in each 
trimester (visits 1–3), and 6 weeks, 6 months, and 12 months 
after delivery (visits 4–6). Though the aim is to include women 
when they are planning pregnancy, the majority of women were 
in fact enrolled by their rheumatologist when they were already 
pregnant.

At each visit, local rheumatologists evaluated disease activ-
ity using the 3- variable Disease Activity Score in 28 joints (DAS28) 
using the C- reactive protein (CRP) level (8). CRP was measured 
by local methods. Values <5 mg/liter (the lower detection limit) 
were defined as 3 mg/liter in the calculation. The 3- variable 
DAS28- CRP is considered the best clinimetric index to evaluate 
disease activity in pregnant women with RA (9). Disease cate-
gories were defined according to the European League Against 
Rheumatism (EULAR) criteria using the DAS28- CRP score as: 
remission (DAS28- CRP ≤2.6), low disease activity (DAS28- CRP 
>2.6 to ≤3.2), moderate disease activity (DAS28- CRP >3.2 to 
≤5.1), and high disease activity (DAS28- CRP >5.1) (10).

We used the Bath Ankylosing Spondylitis Disease Activ-
ity Index (BASDAI) to assess axial disease activity. BASDAI is 
calculated from 6 patient- reported items: fatigue, back pain, 
peripheral joint pain and swelling, localized tenderness, duration 
of morning stiffness, and severity of morning stiffness, and gives 
a final score ranging from 0 (no disease activity) to 10 (maximal 
disease activity) (11).

Activity of psoriasis was measured using the Psoriasis Area 
and Severity Index (PASI), which combines the assessment of 
severity of the psoriasis lesions and the area affected into a single 
score (ranging from 0 = no disease to 72 = maximal disease) (12). 
Self- reported scores of the RAND 36- Item Health Survey (RAND- 
36) and the Modified Stanford Health Assessment Questionnaire 
(MHAQ) were collected at each visit. The RAND- 36 is composed 
of 36 questions in 8 health- related dimensions, which results in 
1 score in each dimension (range 0–100, where 100 = best pos-
sible health) (13). We studied 3 dimensions: physical functioning, 
bodily pain, and mental health. MHAQ is composed of 1 ques-
tion from each of the original 8 HAQ categories, all describing 
the ability to perform a certain practical task on a 4- point Likert 
scale (where 0 = without difficulty, and 3 = unable to do) (14). 
Finally, information about medication was collected at each visit. 
We divided medication into nonsteroidal antiinflammatory drugs 
(NSAIDs), prednisolone, and synthetic and biologic DMARDs.

Statistical analysis. We estimated the distribution of 
EULAR disease activity categories at the different time points. To 
analyze the longitudinal course of the disease from preconcep-
tion until 1 year postpartum, we used a linear mixed model with 
DAS28- CRP scores as the dependent variable and time (7 time 
points, visits 0–6) as a fixed factor. The reference time point was 
visit 4 (6 weeks postpartum). We used a 3- level model where 
visits were nested within pregnancies, and pregnancies were 
nested within women. We did additional analyses including the 
covariates “prednisolone in pregnancy” (yes/no), “sulfasalazine in 
pregnancy” (yes/no), and “tumor necrosis factor inhibitor in preg-
nancy” (yes/no) in the mixed- model analyses, each individually.

Similarly, we analyzed scores from BASDAI, MHAQ, and the 
chosen RAND- 36 dimensions in a linear mixed model. MHAQ val-
ues originally had a skewed distribution, but we obtained normal-
ity through logarithmic transformation. For simplicity, we present 
results from the untransformed MHAQ data, since results were 
substantially the same when analyzing both original data and log-
arithmically transformed data. We checked the normality of resid-
uals by inspection of quantile- quantile plots. We considered a 
2- sided P value less than 0.05 as statistically significant. We used 
SPSS software, version 24, to conduct the statistical analysis.

Ethics approval. The Regional Committee for Medical and 
Health Research Ethics approved this study (REK 2013/649). 
Women included in RevNatus have given their informed written 
consent. They were treated according to established standards 
and were not subject to any experimental treatment. This study 
is in compliance with the Helsinki Declaration.

RESULTS

Patient inclusion data. RevNatus included 120 pregnan-
cies in women with PsA between January 2006 and October 2017. 

SIGNIFICANCE & INNOVATIONS
• In the largest prospective study to our knowledge 

on psoriatic arthritis and pregnancy to date, dis-
ease activity was altogether low and stable from 
preconception to 1 year postpartum.

• However, disease activity decreased in pregnancy 
and increased significantly by 6 months postpar-
tum, returning to baseline by 12 months postpar-
tum.

• Disease activity was significantly lower in women 
with psoriatic arthritis using tumor necrosis factor 
inhibitors in pregnancy.
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In the same period, 38 of the included women with PsA did not 
conceive. We excluded 12 pregnancies that did not result in a live 
birth. As shown in Figure 1, the current study comprised a total 
of 108 pregnancies in 103 women with PsA. Five women had 2 
pregnancies, and 1 woman had twins. As shown in Figure 1, not all 
women attended all visits. The mean number of visits per pregnancy 
was 4.4. The preconception visit had the lowest attendance (35%).

Demographics, disease characteristics, and breast
feeding. All included women had peripheral arthritis. The mean 
age was 31 years and the mean disease duration was 8 years. 

Table  1 shows characteristics of the study population and the 
proportion of women breastfeeding. The HLA- B27 status was 
unknown in the majority of the women, since HLA- B27 informa-

tion was not collected in RevNatus before 2016.

Evaluation of disease activity. Figure 2 shows the dis-
tribution of the EULAR disease activity categories at each time 
point. Approximately 75% of the women were in remission or had 
low disease activity from the time of planning the pregnancy to 12 
months postpartum. Mean DAS28- CRP values were low and rel-
atively stable (Figure 3A). However, the variation in disease activity 

Figure 1. Flow chart showing inclusion data and data available for main analysis. PsA = psoriatic arthritis; RevNatus = nationwide Norwegian 
observational register; DAS28 = Disease Activity Score in 28 joints.

Registra�ons of women with PsA in

RevNatus between

January 2006 - November 2017

n = 158

Not pregnant during follow-up: n = 38 (24%)

Miscarriage: n = 11 (7%)

Fetal death in third trimester: n = 1 (0.6%)Number of pregnancies in women
with PsA included in the study

N = 108

…in 103 women

Number of pregnancies with
assessment at the following visits

Preconcep�on: n = 38

1st trimester: n = 84

2nd trimester: n = 83

3rd trimester: n = 85

Six weeks postpartum: n = 87

Six months postpartum: n = 67

One year postpartum: n = 64

Number of pregnancies with
available DAS28 at the following
visits, included in main analysis

Preconcep�on: n = 32

1st trimester: n = 74

2nd trimester: n = 80

3rd trimester: n = 83

Six weeks postpartum: n = 84

Six months postpartum: n = 65

One year postpartum: n = 63
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between time points was statistically significant (P = 0.018). After 
amelioration in pregnancy, disease activity increased after delivery, 
with a peak at 6 months postpartum. At this time point, disease 
activity was significantly higher than at the reference time point of 
6 weeks postpartum (mean DAS28- CRP score 2.71 versus 2.45; 

P = 0.016). Of the 53 women with data from both late pregnancy 
and 6 months postpartum, 21% had a postpartum increase in 
DAS28- CRP score ≥1.2, and 2% had an equivalent decrease. 
Most of the remaining women experienced a smaller increase in 
disease activity.

As for peripheral disease, axial disease activity was low and 
stable, yet with a statistically significant relationship between dis-
ease activity and time point (P = 0.033). Again, the scores were 
highest at 6 months postpartum, significantly higher than at 6 
weeks postpartum (mean BASDAI score 3.69 versus 2.95; P = 
0.013). Altogether, activity of psoriasis was low, with PASI score = 0 
in 54% of the assessments, and PASI score >10 in only 3 women.

Evaluation of physical function and aspects of qual
ity of life. Functionality scores were worst in the third trimes-
ter and at 6 months after delivery, both estimated by RAND- 36 
physical functioning and MHAQ scores. Changes in the RAND- 36 
physical functioning score were statistically significant, with a mean 
physical functioning score of 73.3 at the reference time point of 6 
weeks postpartum compared with 62.4 in the third trimester (P < 
0.001) and 64.7 at 6 months postpartum (P = 0.001). The MHAQ 
score was never ≤0.50, and there were no significant changes.

Self- reported pain was worse 6 months after delivery 
 compared with 6 weeks after delivery, with significantly lower 
RAND- 36 bodily pain scores (mean bodily pain 46.0 versus 56.1; 
P = 0.003). Self- reported mental health was good and stable, with 

Table 1. Characteristics of the study population in the first trimester 
and the proportion breastfeeding*

Characteristics Values

Age, mean ± SD years 30.9 ± 4.7
Disease duration, mean ± SD years 7.6 ± 6.1
Body mass index, mean ± SD 24.0 ± 5.4
Smoking 11/84 (13.1)
Nulliparous† 55/108 (50.9)
Clinical characteristics

Axial involvement‡ 13/108 (12)
Uveitis 3/108 (3)

Breastfeeding 
6 weeks after delivery 63/87 (72.4)
6 months after delivery 32/67 (47.8)
1 year after delivery 13/64 (20.3)

* Values are the number/total number (%) unless indicated  
otherwise. 
† Never given birth to a live child. 
‡ Registered with sacroiliitis without information about diagnostic 
imaging. 

Figure 2. Percentage of women in each European League Against Rheumatism category before, during, and after pregnancy. DAS28 = 
Disease Activity Score in 28 joints; pp = postpartum.
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the highest RAND- 36 mental health scores occurring 6 weeks 
after delivery (mean mental health = 79.8). Figure  3 shows the 
changes in reported pain, functionality, and mental health through-
out the study period.

Medication use before, during, and after pregnancy. 
Table 2 shows the proportion of women using NSAIDs, prednis-
olone, and synthetic and biologic DMARDs, before, during, and 
after pregnancy, and the proportion of women who discontinued 
1 of these drugs prior to pregnancy. The proportion of women 
using DMARDs (synthetic, biologic, or both) decreased from 58% 
preconception to approximately 17% in late pregnancy.

In the year before pregnancy, 37 of 108 women discontinued 
a synthetic DMARD, of whom 30 had used methotrexate. In preg-
nancy, only 17 of 85 women used a synthetic DMARD. All women 
except 1 used sulfasalazine. Including the covariate “sulfasalazine 
in pregnancy” in the mixed- model analysis, we found that women 

using sulfasalazine had higher disease activity (P = 0.057): mean 
DAS28- CRP score at 6 months postpartum was 2.97 in women 
using sulfasalazine compared with 2.65 in women not using sul-
fasalazine. Of the 22 of 64 women using a synthetic DMARD at 1 
year postpartum, the majority had restarted methotrexate. One- 
fourth of the women who did not breastfeed at 6 months postpar-
tum had restarted methotrexate.

Among women using a biologic DMARD, 1 used an inter-
leukin inhibitor, and the rest used a tumor necrosis factor inhibi-
tor (TNFi). While 39 women (36%) used a TNFi before pregnancy, 
only 7 women (8%) used a TNFi in pregnancy. When including the 
covariate “TNFi in pregnancy,” we found that women using a TNFi 
had significantly lower disease activity (P = 0.043). At 6 months 
postpartum, the mean DAS28- CRP score was 2.22 in women 
using a TNFi as opposed to 2.72 in women not using a TNFi. By 
6 months postpartum, 27 women (40%) used a TNFi, mostly the 
same women using a TNFi before pregnancy.

Figure 3. A, mean score from the 3- variable Disease Activity Score in 28 joints (DAS28) using the C- reactive protein level; B, RAND 36- Item 
Health Survey (RAND- 36) bodily pain scale; C, RAND- 36 physical functioning scale; D, RAND- 36 mental health scale, with 95% confidence 
interval before, during, and after pregnancy.
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At 6 months postpartum, the mean DAS28- CRP score was 
2.78 in women using prednisolone in pregnancy compared with 
2.68 in women not using prednisolone (P = 0.529). Both the pro-
portion of women using prednisolone and the proportion taking 
NSAIDs were highest when disease activity peaked at 6 months 
postpartum. Prednisolone dosages were usually kept between 5 
and 10 mg, both during and after pregnancy.

DISCUSSION

We found that approximately 75% of women with PsA were 
in remission or had low disease activity from the time of plan-
ning the pregnancy to 1 year after delivery, despite the use of 
DMARDs decreasing from 58% prior to pregnancy to only 17% in 
late pregnancy. Although disease activity was altogether stable, it 
decreased in pregnancy and increased significantly by 6 months 
postpartum, then returned to the preconception state by 1 year 
postpartum. This is, to the best of our knowledge, the largest pro-
spective study of disease activity during and after pregnancy in 
women with PsA, and the first to use a linear mixed model.

Our results are in accordance with the only previous pro-
spective study on PsA in pregnancy (4), and with a retrospec-
tive study from 2017 of 42 women with PsA (5). Both studies 
demonstrated disease activity improvement in pregnancy fol-
lowed by deterioration postpartum. A case series from 2017 
also showed a tendency for flare to occur postpartum, but with 
a less clear pattern in pregnancy (6). None of these studies used 
validated disease activity scores, and direct comparison with our 
study is difficult.

A change in the DAS28- CRP score of ≥1.2 is considered 
clinically meaningful (15). In our study, the largest difference in 
the mean DAS28- CRP score was 0.36, found between the 
third trimester (mean DAS28- CRP score 2.35) and 6 months 

postpartum (mean DAS28- CRP score 2.71). However, looking 
only at the women with data from both the third trimester and 
6 months postpartum, 21% experienced a clinically meaningful 
worsening according to the above definition, as opposed to only 
2% experiencing a clinically meaningful amelioration. The distribu-
tion of women into EULAR categories also showed deterioration 
between the third trimester and 6 months postpartum, with the 
proportion of women in remission decreasing from 68% to 52%, 
while the proportion with moderate disease activity increased. We 
note that the increase in disease activity at 6 months postpartum 
was found despite the fact that 40% of the women were taking 
a TNFi at this time point. Generally, we cannot tell much about 
the natural course of the disease in the year following pregnancy 
because of the restart of medication.

Our study is the first to demonstrate lower disease activity in 
women with PsA using a TNFi in pregnancy. Van der Brandt et al 
(16) previously demonstrated that among women with RA and 
axial SpA, those who discontinued a TNFi at the time of a positive 
pregnancy test had a relative risk for flare >3. However, no study 
has been designed for evaluating the disease- modifying effect of 
a TNFi in pregnancy. Women using prednisolone or sulfasalazine 
tended to have higher disease activity. This result is likely due to 
confounding by indication, since women receiving prednisolone 
and sulfasalazine probably were prescribed these drugs because 
of their high disease activity.

We did not include as covariates basic characteristics, such 
as age and parity. These factors were constant, and thus should 
not influence disease activity during follow- up.

While a finding of low activity of psoriasis during pregnancy is 
in accordance with previous studies, we did not find the previously 
demonstrated deterioration postpartum (17–19). However, PASI 
scores were missing in half the visits, and we did not perform a 
mixed- model analysis. Assessment of PASI can be time consum-

Table 2. Medication use before, during, and after pregnancy*

Medication

Discontinued before Used before or during trimester Used after

3–12 
months 

(n = 108)
<3 months 
(n = 108)

At  
confirmation 

(n = 108)†
Before 

(n = 108)
1st 

(n = 84)
2nd 

(n = 83) 
3rd 

(n = 85)

6 
weeks 

(n = 87)

6 
months 
(n = 67)

12 
months 
(n = 64)

Synthetic 
DMARD

26 (24) 4 (4) 7 (6) 54 (50) 17 (20) 13 (16) 13 (15) 16 (18) 18 (27) 22 (34)

Biologic 
DMARD

9 (8) 15 (14) 8 (7) 39 (36) 7 (8) 4 (5) 1 (1) 20 (23) 27 (40) 26 (41)

Prednisolone NA NA NA NA 11 (13) 14 (17) 13 (15) 14 (16) 15 (22) 13 (20)
NSAIDs NA NA NA NA 6 (7) 7 (8) 7 (8) 18 (21) 20 (30) 16 (25)
Not 

prescribed‡
NA NA NA NA 47 (56) 52 (63) 55 (65) 31 (36) 8 (12) 12 (19)

* Values are the number (%). DMARD = disease- modifying antirheumatic drug; NA = not available; NSAID = nonsteroidal antiinflammatory 
drug. 
† Medication was discontinued when pregnancy was confirmed. 
‡ No prednisolone, NSAIDs, or DMARDs. 
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ing, and we cannot exclude the possibility that more women with 
active skin disease lacked a PASI score.

Decreased functionality in the third trimester has been 
demonstrated in patients with juvenile idiopathic arthritis (JIA), 
axial SpA, and RA, and in healthy pregnant women (9,20–22). 
However, de Man et al (9) have demonstrated that the effect of 
pregnancy makes HAQ unsuitable for assessment of functionality 
in pregnant women. Studying women with PsA, we found an addi-
tional decrease in functionality when disease activity peaked at 6 
months postpartum. At the same time, self- reported pain peaked. 
Opposed to this finding, previous studies have shown stable self- 
reported pain during and after pregnancy in women with axial SpA 
and JIA (20–22). In accordance with previous studies on RA, axial 
SpA, and JIA (20–22), we found good self- reported mental health, 
despite pain and decreased functionality.

The most important strengths of our study are the size of 
the study, the prospective design, and the statistical method. 
The mixed- model approach made it possible to study changes 
in disease activity over time. This analysis included subjects 
with missing data at 1 or more time point, thus including 
all available data. Furthermore, a complete case analysis 
would have given unbiased results only if data were missing  
complete ly at random, while a mixed- model analysis is   
unbi ased under the less restrictive missing at random assum-
ption. A model where visits are nested within  pregnancies and 
 pregnancies are nested within women takes into account the 
correlation structure of the data.

Another advantage of our study was that all women were 
diagnosed and attended by rheumatologists in the public health 
care system, ensuring correct diagnosis and equal health services. 
Most of the women were in relationships, with financial security, 
and were white, making up a socioeconomically  homogenous 
study group.

The main limitation of our study was assessing disease activ-
ity in PsA using the DAS28. PsA often affects distal interphalangeal 
joints and ankles (1), joints not counted in the DAS28. Thus, the 
DAS28- CRP potentially underestimates disease activity in PsA. 
Many researchers now prefer assessing affected joints in PsA with 
the Disease Activity Index for Psoriatic Arthritis (DAPSA) (23,24). 
The DAPSA is calculated from a 66- joint count for swelling and a 
68- joint count for tenderness, patient global assessment, patient 
pain assessment, and CRP level. However, before the introduction 
of DAPSA in 2010, the DAS28- CRP was validated and commonly 
used in assessing PsA (25–27). The DAS28- CRP is considered 
the best clinimetric index in pregnant women with RA (9), and it 
has also been used to assess disease activity in PsA in pregnancy 
(5). Neither the DAS28- CRP nor the DAPSA assesses skin, enthe-
ses, dactylitis, or axial involvement.

Using the DAS28- CRP, our study might have underestimated 
the absolute disease activity at each time point. We nevertheless 
believe that our results regarding changes throughout the study 
period, with a flare at 6 months postpartum, are valid, a conclu-

sion supported by the fact that BASDAI, MHAQ, and self- reported 
pain scores peaked simultaneously with the DAS28- CRP scores.

As for peripheral involvement, there is no instrument assess-
ing the axial involvement of PsA validated in pregnancy. Both back 
pain and fatigue are common in pregnancy and could influence 
the validity of BASDAI scores in pregnant women. We would have 
preferred to use the Ankylosing Spondylitis Disease Activity Score 
(ASDAS) with the CRP level. Including the inflammation marker 
CRP and weighing the subjective components, ASDAS- CRP is a 
more objective instrument for measuring axial disease than BAS-
DAI (28). However, until 2015 BASDAI was the only assessment 
of axial disease in RevNatus.

Another weakness of our study was that not all women were 
assessed at all time points. Only one- third of the women were 
included at a preconception time point. Women with low disease 
activity are probably less likely to be in contact with a rheuma-
tologist before pregnancy. Consequently, missing values at the 
preconception visit were probably to some degree missing not 
at random, and disease activity at this time point might be over-
estimated. In addition, the preconception visit had a much wider 
time span than the other visits, because the time of registration 
might be from a few weeks up to 1 year before conception. As 
a reference point, we chose 6 weeks postpartum, a well- defined 
nonpregnant time point with few missing DAS28- CRP scores. 
Approximately one- fifth of the women had not yet completed 
 follow- up postpartum at the time of analyses. These registrations 
were plausibly missing completely at random.

Most Norwegian women with PsA are included in  RevNatus. 
There are possibly some women with low disease activity in 
general practice, less likely to be included in RevNatus, and our 
results may not be generalizable to these women. Since miscar-
riage may be associated with high disease activity, only including 
pregnancies that resulted in a live birth could have led to a selec-
tion of women with lower disease activity. However, looking further 
at the 11 women who miscarried, we found that they had a mean 
DAS28- CRP score of 1.8 at the last assessment before the mis-
carriage, lower than the score for women included in the study.

PsA is a heterogeneous disease, and this study did not 
include women with predominantly axial involvement and did 
not differ between subtypes of peripheral PsA (29). We cannot 
exclude the possibility that women with different subtypes of PsA 
react differently to pregnancy. RevNatus does not provide infor-
mation about subtypes of PsA, and our population was too small 
for subgroup analyses. However, subtypes of PsA often overlap, 
making subgroup analyses difficult even in larger populations.

In this large prospective study on disease activity of PsA in 
pregnancy, we found that the majority of women experienced 
stable, low disease activity. However, disease activity tended to 
decrease in pregnancy and increased significantly by 6 months 
postpartum, before returning to baseline by 1 year postpartum. 
Women using a TNFi in pregnancy had significantly lower dis-
ease activity throughout the study period. Future research on 
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pregnancy in women with PsA should include an extended joint 
count (66/68 joints), and assessment of dactylitis, entheses, 
axial skeleton, and psoriasis.
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Complications of Total Hip Arthroplasty in Patients With 
Ankylosing Spondylitis
Michael M. Ward

Objective. To compare the risks of complications of primary total hip arthroplasty (THA) between patients with ankylosing spondy-
litis (AS) and those without AS.

Methods. In this population- based study, we examined data from 1999 to 2013 of US Medicare beneficiaries (ages <75 years old) 
with AS and a comparison group without AS who had undergone primary THA. Complications were based on the Centers for Medicare 
& Medicaid Services 2013 THA Complication Measure, which included myocardial infarction, pneumonia, or sepsis within 7 days; sur-
gical site bleeding, pulmonary embolus, or venous thrombosis within 30 days; or mechanical complications or local infection within 90 
days. Mortality within 90 days, revision arthroplasty within 1 year, long length of stay, discharge to a care facility, and readmission within 
90 days were also examined.

Results. The study included 2,773 patients with AS and 107,341 patients without AS who had THA. Perioperative complications, 
30- day complications, and local infections were rare in both groups (<1%). Mechanical complications and revision arthroplasty were 
uncommon in both groups. Ninety- day mortality was lower among patients with AS than those without AS (0.36% versus 0.7%). Pa-
tients with AS were more likely to be discharged to a care facility, and slightly more likely to have a long length of stay. Likelihood of a 
long stay was lower at hospitals that performed ≥100 THAs per year, but other complications were not associated with hospital volume.

Conclusion. Complications after primary THA are uncommon in patients with AS and similar in frequency to those without AS. 
Ninety- day mortality was lower among patients with AS.

INTRODUCTION

Total hip arthroplasty (THA) is an effective treatment for the 
functional limitations and pain of chronic hip arthritis that may 
occur in patients with ankylosing spondylitis (AS) (1–6). After 30 
years of having AS, 12–25% of patients with AS will have had 
a THA (7). Studies of the outcomes of THA in patients with AS 
have largely focused on long- term implant survival and need 
for revision arthroplasty (5,6,8–15). Many of these studies also 
reported generally low risks of perioperative complications, but 
did not include a comparison group of patients without AS (2–
6,8–15). Given evidence that patients with rheumatoid arthritis 
(RA) have higher perioperative morbidity with major arthroplast-
ies than patients without inflammatory arthritis, similar concerns 
extend to patients with AS (16).

Two recent studies (17,18) reported higher risks of com-
plications of THA in patients with AS compared to those with-
out AS. A study of 1,002 US Medicare beneficiaries with AS 
reported risks of perioperative wound complications, cellulitis, 
and prosthesis breakage to be 1.5 to 2.5 times higher in patients 
with AS than controls, as well as increased risks of dislocations, 

revision arthroplasties, and wound complications more than 2 
years postoperatively (17). Importantly, the comparisons were 
not adjusted for comorbidities or patient socioeconomic sta-
tus, both of which are associated with increased risks of THA 
complications (19,20). A study of the US Nationwide Inpatient 
Sample reported 2- fold or higher risks of postoperative cardi-
ac, peripheral vascular, thrombotic, and central nervous system 
complications, as well as increased risks of wound complica-
tions and mortality following THA in patients with AS compared 
to patients with osteoarthritis (18). However, because this da-
tabase only includes information from the index hospitalization, 
preoperative comorbidities and post- discharge complications 
were unknown. Both studies used only a single occurrence of a 
diagnosis code for AS to identify their cohorts, which may have 
limited specificity.

In this study, we compared postoperative complications of 
primary THA among US Medicare beneficiaries with AS to those 
without AS, using strict criteria to ensure specificity of the AS 
cohort. The study also examined if risks of complications were 
lower in hospitals that performed more THAs, as has been sug-
gested for THA in other conditions (21–23). The null hypothesis 
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was that risks of postoperative complications were not higher 
among patients with AS than among patients without AS.

PATIENTS AND METHODS

Data source and study design. This was a retrospective 
cohort study based on 100% Medicare Part A (hospitalization) 
and Part B (provider) fee- for- service data from 1999 to 2013. 
Inpatient hospitalization data included fields for up to 25 diag-
noses and 25 procedures for surgeries and other interventions 
per hospitalization. Medicare Part B data included information 
on outpatient visits, with up to 12 possible diagnosis codes per 
encounter. Diagnoses and procedures were coded using Inter-
national Classification of Diseases, Ninth Revision, Clinical Mod-
ification (ICD- 9- CM) codes. Data were provided by the Centers 
for Medicare & Medicaid Services through a data- use agree-
ment. The study protocol was approved by the National Institute 
of Arthritis and Musculoskeletal and Skin Diseases Institutional 
Review Board.

AS cohort. The study group of interest was patients with 
AS who were undergoing primary THA. We included patients 
younger than 75 years who had ≥2 inpatient or outpatient diag-
nosis claims for AS (ICD- 9 720.0) on in- person physician visits, 
occurring at least 7 days apart during their tenure in Medicare, 
and had full- year coverage with Part A and Part B. Valida-
tion studies of administrative data, by Singh et  al (24) and by  
Dubreuil et al (25), reported that this definition had positive pre-
dictive values for AS of 1.0 and 0.89, respectively. We excluded 
patients who had diagnosis codes for RA (714.0) or psoriatic 
arthritis (696.0), in order to further increase the specificity of the 
AS group. We also excluded those whose first 2 hip procedures 
were revision arthroplasties (ICD- 9 codes 00.70, 00.71, 00.72, 
00.73, or 81.53) because they were not at risk for primary THA, 
and those who had a hip fracture at the time of THA (ICD- 9 code 
820.X). Patients ages ≥75 were excluded, because THA at these 
ages may be more likely related to osteoarthritis than AS (26).

The cohort included all age- eligible patients with AS in 1999 
and new enrollees with AS in subsequent years as they became 
Medicare- eligible, making this a dynamic cohort. Of 211,332 

Medicare beneficiaries from 1999 to 2013 with at least 1 ICD- 9 
diagnosis code for AS, 121,649 were excluded because they did 
not have a second claim with a code for AS. Of the remaining 
89,683 patients, exclusions for age, other inflammatory arthritis 
diagnoses, prior THA, hip fractures, and full- year of Medicare 
coverage resulted in an AS cohort of 52,568 patients. Among 
these, 2,773 patients had ≥1 primary THA (ICD- 9 code 81.51) 
during the study years. We randomly selected 1 THA hospitali-
zation per patient for analysis.

Comparison cohort. The comparison group consisted 
of a 20% random sample of Medicare beneficiaries in 1999, 
to which were added 5% random samples of persons entering 
Medicare in subsequent years, to mimic the dynamic nature of 
the AS cohort. The same age, coverage, and procedure restric-
tions were applied to this comparison group as in the AS group, 
but matching was not used. From this group, we excluded pa-
tients with a diagnosis code for AS throughout their tenure in 
Medicare. Among 4,617,179 patients in the comparison group, 
107,341 patients had ≥1 primary THA during the study years. 
Again, we randomly selected 1 THA hospitalization per patient 
for analysis.

Complications. The 2013 Centers for Medicare & Med-
icaid Services THA/TKA (total knee arthroplasty) Complication 
Measure (27) was used to compare perioperative and postop-
erative complications between groups. This measure includes 
8 different potential complications of elective primary THAs, 
selected because they represent clinically meaningful compli-
cations that can be temporally and specifically attributed to a 
particular surgery. The measure was developed and validated 
using Medicare data, and is used by the Centers for Medicare & 
Medicaid Services for public reporting of THA complications at 
individual hospitals on its Hospital Compare website (available 
online at www.medicare.gov/hospitalcompare/search.html).

The measure is designed for use with administrative data, 
and provides ICD- 9 diagnosis codes for each complication, 
along with a timeframe for qualifying as a postoperative com-
plication. The complications include acute myocardial infarction, 
pneumonia, or sepsis, during the index hospitalization or within 
7 days of the hospitalization; surgical site bleeding, pulmonary 
embolus, or death during the index hospitalization or within 30 
days; and mechanical complications (including prosthesis loos-
ening, dislocation, or periprosthetic fracture) or joint or wound 
infections during the index hospitalization or within 90 days. A list 
of the ICD- 9 codes associated with each complication is provid-
ed in the supplementary file, available on the Arthritis & Care web 
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23582/
abstract. For analysis, we modified the mortality indicator to 
be death during or within 90 days of hospitalization in order to 
capture more deaths. We also added deep venous thrombosis 
(ICD- 9 451.1X, 451.2, 453.4X) during the index hospitalization or 

SIGNIFICANCE & INNOVATIONS
•  To our knowledge, this is the first study to use 

 validated measures of the Centers for Medicare 
& Medicaid Services to study complications of hip 
 arthroplasty in ankylosing spondylitis, and to adjust 
for important clinical confounders.

•  This is the first study to examine if the frequency of 
complications for this procedure varies with hospital 
volume.

http://www.medicare.gov/hospitalcompare/search.html
http://onlinelibrary.wiley.com/doi/10.1002/acr.23582/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23582/abstract
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within 30 days as a complication, because this complication has 
been included in other studies (17,18). We also tallied all periop-
erative 7- day, 30- day, and 90- day complications.

We included 4 additional measures as indicators of postop-
erative complications, including revision hip arthroplasty (ICD- 9 
code 81.53) within 1 year, long length of stay during the THA 
hospitalization, discharge to a rehabilitation hospital, nursing 
home, or intermediate care facility (hereafter “care facility”), and 
readmission for any reason within 90 days. Length of stay was 
classified as long if it exceeded the 90th percentile of stays for 
primary THA in the same calendar year among Medicare benefi-
ciaries ages 65–74 years.

Covariates. Covariates included patient age, sex, race/
ethnicity, low- income status, and comorbidities. Patients were 
classified as low income if they were recorded as having re-
ceived state subsidies for medical care during the year of the 
THA. We recorded the presence or absence of 8 comorbid 
conditions (coronary artery disease, congestive heart failure, 
chronic obstructive pulmonary disease, diabetes mellitus, 
chronic kidney disease, cancer, stroke, and dementia) cu-
mulatively from the patient’s entry in Medicare to the time of 
THA, based on the Centers for Medicare & Medicaid Services 
Chronic Conditions Data Warehouse (28). This algorithm uses 
a combination of diagnosis codes and treatments to identify 
the presence of a particular comorbidity, and has been exten-
sively validated.

For associations of the risk of primary THA complications 
with hospital volume, we computed the number of primary THAs 

done in each hospital among Medicare beneficiaries in each 
calendar year, and sorted hospitals by annual THA volume into 
approximate tertiles (1–44, 45–99, and ≥100).

Statistical analysis. We computed the frequency of 
each complication by study group, and used logistic regression 
to compute odds ratios (ORs) for the association between AS 
and each complication. Multivariable logistic regression models 
included patient age, sex, race, low income, and indicator var-
iables for the 8 comorbidities as covariates. To account for the 
clustering of THAs within hospitals, the logistic models were im-
plemented using generalized estimating equations. In a sensitivity 
analysis, the analyses were repeated after removing patients with 
any physician- based claim with a diagnosis of RA or psoriatic 
arthritis from the comparison group, because inclusion of these 
patients could possibly reduce differences between groups.

To examine the association between frequency of compli-
cations and hospital THA volume, we examined trends in com-
plications using chi- square tests. We also tested to determine if 
the likelihood of a complication by hospital THA volume tertile 
differed between patients with AS and those in the comparison 
group by testing the interaction between these variables in mul-
tivariable logistic regression models.

SAS software (version 9.4) was used for analysis. Signifi-
cance was set at α = 0.05, 2- tailed. Because of the large sample, 
effect sizes provided a more meaningful indicator of differences 
than P values. Based on conventional criteria for events with a 
frequency of 1–3%, an OR of 1.6 (or 0.625) was considered to 
represent a small effect, an OR of 3.0 (or 0.33) was considered 

Table 1. Patient characteristics and comorbidities* 

AS 
(n = 2,773)

Comparison group 
(n = 107,341)

Comparison group  
excluding RA and PsA 

(n = 95,421)

Mean ± SD age, years 61.1 ± 10.8 69.0 ± 7.3 69.1 ± 7.2
Male 69.4 40.2 40.7
Race/ethnicity

White 89.8 90.4 90.9
Black 6.0 7.5 7.2
Other 4.2 2.1 1.9

Low income 10.4 14.3 13.6
Coronary artery disease 42.2 38.7 38.1
Congestive heart failure 18.9 16.4 15.9
COPD 24.8 24.5 23.6
Diabetes mellitus 25.3 23.8 23.6
Chronic kidney disease 12.8 10.3 10.1
Cancer 11.4 11.2 11.3
Stroke 7.1 6.8 6.7
Dementia 4.0 3.4 3.3

* Values are the percentage of patients unless indicated otherwise. AS = ankylosing spondylitis; RA = 
rheumatoid arthritis; PsA = psoriatic arthritis. COPD = chronic obstructive pulmonary disease. 
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to represent a medium effect, and an OR of 5.0 (or 0.2) was 
considered to represent a large effect (29).

RESULTS

Patient groups. The study included 2,773 patients with 
AS and 107,341 patients without AS who had primary THA. Pa-
tients with AS included a higher proportion of men and a slightly 
lower proportion of low- income persons, compared to the group 
without AS (Table 1). Despite being younger, patients with AS 
had a slightly higher frequency of several comorbidities. Fifty- 
three percent of patients with AS had been treated by a rheuma-
tologist, with 40% having a rheumatology visit prior to THA. Only 
2.7% of patients with AS were treated with tumor necrosis factor 

inhibitors at the time of THA.

Frequency of complications. Perioperative acute 
myocardial infarction, pneumonia, and sepsis were rare, and 
any perioperative complication occurred in <1.5% of patients 
 (Table 2). The association between AS and sepsis did not vary 
by age (adjusted odds ratio [ORadj] 0.51, 95% confidence in-
terval [95% CI] 0.15–1.64 among patients ages <65 years, 

and ORadj 0.52, 95% CI 0.16–1.68 among patients ages 
≥65 years). Bleeding or thrombotic complications within 30 
days of THA were also rare, and occurred at a similar rate 
in both groups. Mechanical complications occurred in 2.3% 
and 2.5% of patients in the AS and comparison groups, re-
spectively, while 3.3% of patients in the AS group and 2.8% 
of patients in the comparison group had revision arthroplasty 
within 1 year. Risks of these outcomes did not differ between 
groups after adjustment for demographic characteristics and 

 comorbidities.
Ninety- day mortality was rare, but was lower among patients 

with AS. The ORadj of 0.48 was consistent with a small- to- medium 
effect. The protective association was slightly stronger among 
patients ages ≥65 (ORadj 0.41, 95% CI 0.17–0.92) than those 
ages <65 years (ORadj 0.61, 95% CI 0.22–1.70). Long length of 
stay was marginally more frequent among patients with AS. The 
crude proportions of patients discharged to a care facility was 
similar in both the patients with AS (41.3%) and those  without 
AS (40.0%), but after adjustment, the likelihood of discharge to a 
care facility was higher among those with AS. The magnitude of 
this association approached a small effect. Readmission within 
90 days occurred at similar frequencies in both groups.

Table 2. Association of AS with complications after primary total hip arthroplasty* 

AS 
(n = 2,773)

Comparison Group 
(n = 107,341)

Crude OR 
(95% CI)

Adjusted OR 
(95% CI)†

Perioperative
Acute myocardial  infarction 13 (0.47) 388 (0.36) 1.30 (0.75–2.24) 1.29 (0.74–2.23)
Pneumonia 23 (0.83) 862 (0.80) 1.03 (0.68–1.56) 0.93 (0.61–1.43)
Sepsis 6 (0.22) 365 (0.34) 0.64 (0.29–1.40) 0.51 (0.22–1.15)
Any perioperative  
complication

40 (1.44) 1,485 (1.38) 1.05 (0.76–1.43) 0.93 (0.67–1.28)

30- day complications
Wound bleeding 0 6 (0.01) NE NE
Pulmonary embolus 12 (0.43) 383 (0.36) 1.21 (0.68–2.15) 1.28 (0.71–2.31)
Deep venous thrombosis 8 (0.29) 250 (0.23) 1.24 (0.61–2.51) 1.15 (0.55–2.37)
Any 30- day complication 20 (0.72) 623 (0.58) 1.24 (0.79–1.94) 1.24 (0.78–1.96)

90- day complications
Mechanical 65 (2.3) 2,648 (2.5) 0.95 (0.74–1.22) 0.86 (0.66–1.11)
Surgical site infection 0 29 (0.03) NE NE
Death within 90 days 10 (0.36) 749 (0.70) 0.51 (0.27–0.96) 0.48 (0.25–0.90)
Any 90- day complication 75 (2.3) 3,373 (2.5) 0.85 (0.67–1.08) 0.77 (0.60–0.99)

Revision arthroplasty within 
1 year

91 (3.3) 3,001 (2.8) 1.18 (0.95–1.46) 1.01 (0.81–1.26)

Long length of stay 329 (11.9) 10,310 (9.6) 1.27 (1.13–1.43) 1.15 (1.02–1.30)
Discharged to care facility 1,146 (41.3) 42,940 (40.0) 1.07 (0.99–1.16) 1.52 (1.40–1.65)
Readmission within 90 days 342 (12.3) 12,381 (11.5) 1.08 (0.95–1.21) 0.95 (0.84–1.08)

* Values are the number (%) of patients unless indicated otherwise. Odds ratios (ORs) represent the odds of oc-
currence in patients with ankylosing spondylitis versus the comparison group. AS = ankylosing spondylitis; 95% CI 
= 95% confidence interval; NE = not estimable.
 † Adjusted for age, sex, race, low income, and presence of coronary artery disease, congestive heart failure, 
chronic obstructive pulmonary disease, diabetes mellitus, chronic kidney disease, cancer, stroke, and dementia. 
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Among the 11 individual complications for which  mul tivariable 
models were estimable (excluding the perioperative, 30- day, 
and 90- day summary measures), the presence of  congestive 
heart failure and chronic kidney disease were significantly as-
sociated with 10 complications, dementia was associated with 
8 complications, and diabetes mellitus and chronic obstructive 
pulmonary disease were each associated with 7 complications 
in the multivariable models. The strongest associations were be-
tween coronary artery disease and perioperative acute myocar-
dial infarction (OR 2.35), chronic obstructive pulmonary disease 
and perioperative pneumonia (OR 2.25), congestive heart failure 
and chronic kidney disease with perioperative sepsis (ORs 2.33 
and 2.37, respectively), and congestive heart failure and chronic 
kidney disease with 90- day mortality (ORs 2.28 and 2.20, respec-
tively). Low income was associated with a higher likelihood of 8 
complications.

Sensitivity analysis. In this analysis, 11,920 patients with 
diagnosis claim codes either for RA or psoriatic arthritis were 
excluded from the comparison group, because potentially high-

er frequencies of postoperative complications in these patients 
might have reduced differences with the AS group. The charac-
teristics of patients in the sensitivity analysis were similar to the 
parent group (Table 1). Frequencies of complications were also 
very similar to the parent comparison group, as were the ORs 

with respect to patients with AS (Table 3).

Associations with hospital volume. There was a grad-
ed association between annual hospital THA volume and the 
frequency of long lengths of stay among patients with AS, with 
long stays being 33% less frequent at high- volume hospitals 
(Table 4). Mortality within 90 days and any 90- day complication 
were also less frequent at high- volume hospitals, but because 

these complications were rare, trends were not significant.
Among patients without AS, discharge to a care facili-

ty had a graded association with hospital volume (44%, 39%, 
37% at low- , medium- , and high- volume hospitals, respectively), 
 whereas among patients with AS, the frequency of discharge 
to a care facility did not vary with hospital volume (low, 39.6%; 
medium, 42.2%; and high, 42.0% hospital volumes) (P for 

Table 3. Association of AS with complications after primary THA, after excluding patients with RA or PsA from the 
comparison group* 

AS 
(n = 2,773)

Comparison group  
excluding RA or PsA 

(n = 95,421)
Crude OR 
(95% CI)

Adjusted OR 
(95% CI)†

Perioperative
Acute myocardial infarction 13 (0.47) 345 (0.36) 1.30 (0.75–2.24) 1.27 (0.73–2.20)
Pneumonia 23 (0.83) 767 (0.80) 1.03 (0.68–1.56) 0.91 (0.59–1.40)
Sepsis 6 (0.22) 320 (0.34) 0.66 (0.30–1.42) 0.51 (0.22–1.15)
Any perioperative  
complication

40 (1.44) 1,318 (1.38) 1.05 (0.76–1.44) 0.91 (0.66–1.26)

30- day complications
Wound bleeding 0 5 (0.01) NE NE
Pulmonary embolus 12 (0.43) 345 (0.36) 1.20 (0.67–2.13) 1.25 (0.69–2.27)
Deep venous thrombosis 8 (0.29) 226 (0.24) 1.22 (0.60–2.46) 1.11 (0.53–2.29)
Any 30- day complication 20 (0.72) 562 (0.59) 1.23 (0.78–1.91) 1.20 (0.75–1.90)

90- day complications
Mechanical 65 (2.3) 2,225 (2.3) 1.00 (0.78–1.29) 0.88 (0.68–1.15)
Surgical site infection 0 27 (0.03) NE NE
Death within 90 days 10 (0.36) 687 (0.72) 0.50 (0.26–0.93) 0.46 (0.24–0.88)
Any 90- day complication 75 (2.3) 2,892 (2.3) 0.89 (0.70–1.12) 0.78 (0.61–1.00)

Revision arthroplasty within  
1 year

91 (3.3) 2,543 (2.7) 1.24 (1.00–1.53) 1.04 (0.83–1.30)

Long length of stay 329 (11.9) 9,032 (9.5) 1.28 (1.14–1.44) 1.15 (1.02–1.30)
Discharged to care facility 1,146 (41.3) 37,570 (39.4) 1.09 (1.01–1.18) 1.54 (1.42–1.67)
Readmission within 90 days 342 (12.3) 10,705 (11.2) 1.11 (0.99–1.25) 0.97 (0.85–1.10)

* Values are the number (%) of patients unless indicated otherwise. Odds ratios (ORs) represent the odds of oc-
currence in patients with ankylosing spondylitis (AS) versus the comparison group. THA = total hip arthroplasty; 
RA = rheumatoid arthritis; PsA = psoriatic arthritis; 95% CI = 95% confidence interval; NE = not estimable. 
† Adjusted for age, sex, race, low income, and presence of coronary artery disease, congestive heart failure, 
chronic obstructive pulmonary disease, diabetes mellitus, chronic kidney disease, cancer, stroke, and dementia. 
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 interaction <0.0001). Other associations between the frequency 
of complications and hospital THA volume were not significantly 
different between patients with and without AS.

DISCUSSION

In this study of older patients with AS who had primary 
THA, medical and surgical complications in the perioperative 
and near- term postoperative period were rare, and general-
ly not different in frequency from those observed in patients 
without AS. Our results differ from those of 2 previous stud-
ies (17,18). Blizzard et al (17), whose study also analyzed THA 
complications among Medicare beneficiaries, reported higher 
risks of broken prostheses and wound complications within 90 
days of surgery, and higher risks of hip dislocation, revision ar-
throplasty, and wound complications over 2 years, compared 
to controls. Relative risks (RRs) for these complications ranged 
from RR 1.42 (revision THA) to RR 2.54 (broken prostheses). 
They also reported lower risks of acute myocardial infarction 
and higher risks of pneumonia, but did not analyze mortality, 
length of stay, or disposition. Several factors may account for 
the differences between these results from the study of Blizzard 
et al and our findings, most notably the lack of adjustment for 
comorbidities and low income. Additionally, 30% of the patients 
in their sample were ages ≥75 years, and 39% were women. 
Differences in the samples may have also contributed, if THA 
complications occur particularly more frequently in patients with 
AS who are ages >75 years. Differences in diagnosis coding 
between studies may have also contributed to the differences 
in results. However, the absolute frequencies of complications 
were similar between studies. For example, revision arthroplas-
ty was reported in 6.4% of patients for 2 years in the study by 
Blizzard and colleagues, compared to 3.3% for 1 year in the 
present study.

In a study analyzing data from the Nationwide Inpatient 
Sample, Schnaser et  al (18) reported low frequencies of THA 
complications in patients with AS (18); however, risks of in- 
hospital mortality, wound complications, and cardiac, peripheral 
vascular, thrombotic, central nervous system, and gastrointes-
tinal complications were higher among patients with AS than 
those with osteoarthritis. The sample in the study by Schnaser 
and colleagues included patients of all ages, and analyses ad-
justed for comorbidities, but due to the nature of the database, 
complications and comorbidities were limited to those recorded 
during the THA hospitalization.

One issue pertaining to the studies by Blizzard et al and by 
Schnaser et al (17,18) relates to the construction of the cohort 
of patients with AS. Both of these studies included patients with 
a single diagnosis code for AS, which may result in misclassi-
fication due to coding errors (30,31). In identifying the analytic 
sample in our study, 57% of patients with any AS claim had only 
a single claim, indicating poor specificity of a single claim. We 
identified patients using claims throughout their tenure in Medi-
care. Patients who had codes for RA and psoriatic arthritis were 
also excluded from the AS cohort. Inclusion of these patients 
in the AS group in the studies by Blizzard and colleagues and 
by Schnaser et  al may have falsely inflated the complication 
 frequencies.

In the present study, the lower mortality frequency among 
patients with AS may be reflective of differences in patient se-
lection. Although we controlled for major comorbidities, residual 
confounding by differences in the severity of these conditions, or 
by other comorbidities, might account for the mortality difference 
we observed. Concerns about difficulty with anesthesia or respi-
ratory complications due to a rigid chest wall may discourage 
patients with advanced AS from electing to have THA, whereas 
these would not be concerns for most patients without AS (32). 
Patients with AS had higher odds of being discharged to a care 

Table 4. Frequency of complications among patients with AS, by annual hospital volume of primary THA performed among all 
Medicare beneficiaries* 

Low volume 
(1–44 THAs/year)

Medium volume 
(45–99 THAs/year)

High volume 
(≥100 THAs/year)

Relative difference 
(high vs. low) P for trend

Number of patients 843 963 967 – –
Any perioperative 
complication

1.30 1.56 1.45 +11.5% 0.82

Any 30- day complication 0.47 1.00 0.62 +31.9% 0.76
Any 90- day complication 3.20 2.60 2.38 −25.6% 0.29
Revision arthroplasty 
within 1 year

3.56 3.22 3.10 −12.9% 0.59

Death within 90 days 0.47 0.31 0.31 −34.0% 0.56
Long length of stay 13.9 12.7 9.3 −33.0% 0.003
Discharged to care facility 39.6 42.2 42.0 +6.1% 0.33
Readmission within 90 
days

12.3 12.8 11.9 −3.2% 0.76

* Values are the percentage of patients unless indicated otherwise. AS = ankylosing spondylitis; THA = total hip arthroplasty. 
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facility after THA than those without AS. This may reflect a need 
for additional rehabilitation and gait training due to postural insta-
bility and increased risk of falling (33–35).

The results of our study provided only limited evidence of 
an association between hospital THA volume and complication 
frequency. Patients at high- volume hospitals were less likely to 
have a long length of stay, possibly reflecting greater hospital 
efficiency. Long length of stay is also an indirect indicator of 
complications (36,37). Ninety- day mortality was also one- third 
lower among patients whose THAs were at high- volume hospi-
tals. These results provide some indication to favor high- volume 
hospitals when considering THA. Trends with hospital THA vol-
ume were similar between patients with AS and those with-
out AS for all complications except discharge to a care facility, 
which was similar across THA volume categories among pa-
tients with AS. This may reflect a recognized need for extended 
postoperative care in a higher proportion of patients with AS.

The present study has several limitations. Although the 
study was population- based, the data set does not include 
many younger patients, and we excluded those ages ≥75 years. 
Complications were short term, and did not examine long- term 
implant survival. Because laterality of the THA was not known, 
we cannot be certain that a revision arthroplasty was related 
to the index THA or an earlier contralateral THA. However, this 
uncertainty applied equally to the AS and comparison groups. 
Random selection of 1 procedure for inclusion for those patients 
who had bilateral THA may have resulted in a slight overesti-
mation of complication frequencies compared to an analysis of 
only the first THA, because those who elected to have a second 
THA may be more likely to have done well after their first THA. 
Because the same approach was used in both study groups, 
this would not be expected to bias the comparisons. Finally, 
although we took steps to increase the specificity of the AS 
group, some misclassification of diagnosis may be present.

The results of our study suggest that perioperative and 
near- term postoperative complications of THA are uncommon 
in patients with AS. In contrast to other recent reports, the fre-
quency of complications was no greater in these patients than 
in patients without AS. This information can be used by patients 
and physicians to aid their decision- making regarding THA.
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Do Patients With Skin Psoriasis Show Subclinical Axial 
Inflammation on Magnetic Resonance Imaging of the 
Sacroiliac Joints and Entire Spine?
Vlad A. Bratu,1 Peter Häusermann,1 Ulrich A. Walker,1 Thomas Daikeler,1 Veronika Zubler,2 Veronika K. Jaeger,1 
Ulrich Weber,3 and Ueli Studler1

Objective. To explore potential subclinical involvement of the axial skeleton by magnetic resonance imaging (MRI) 
of the sacroiliac (SI) joints and the entire spine in patients with skin psoriasis without clinical evidence of peripheral 
or axial inflammation.

Methods. Twenty patients with skin psoriasis but no clinical evidence of peripheral or axial inflammation and 22 
healthy controls underwent standardized dermatologic and rheumatologic clinical examination and unenhanced 1.5T 
MRI of the SI joint and the entire spine. Two blinded readers globally assessed the presence or absence of SI joint 
inflammation simultaneously on T1- weighted and short tau inversion recovery MRI sequences with a confidence es-
timate. Bone marrow edema, fat metaplasia, erosion, and ankylosis of the SI joint, and vertebral corner inflammatory 
lesions and fat lesions were recorded using standardized modules. The prevalence of each lesion type was calculated 
in both groups, averaged across 2 readers. The number of subjects with lesions in the SI joint and spine (≥1, 2, 3, 4, 
or 5 lesions) as concordantly assessed by both readers was recorded.

Results. The median duration of skin psoriasis was 23.0 years, the median age of patients was 48.5 years, and 
25.0% of patients and 9.1% of healthy controls were concordantly classified by both readers as having SI joint in-
flammation (P = 0.23). The prevalence of bone marrow edema and structural lesions was comparable across patients 
and controls, both on SI joint and spine MRI.

Conclusion. In this controlled study, patients with skin psoriasis but no clinical arthritis or spondylitis showed lim-
ited evidence of concomitant subclinical axial involvement by SI joint and spine MRI. These findings do not support 
routine screening for subclinical axial inflammation in patients with longstanding skin psoriasis.

INTRODUCTION

Psoriasis vulgaris affects 2–3% of the population as a 
chronic, immune- mediated skin disease (1). According to a sys-
tematic review, a range of 7–26% of patients with skin psoriasis 
may develop psoriatic arthritis (PsA), a musculoskeletal disorder 
characterized by peripheral arthritis, enthesitis, or spondylitis (2). 
Musculoskeletal symptoms compatible with PsA are usually diag-
nosed after the onset of skin disease. However, inflammatory joint 
lesions are increasingly recognized as possibly being present, even 
in patients with psoriasis without clinical evidence of arthritis, a con-
dition termed occult or subclinical PsA (3,4). A recent study found 

subclinical inflammatory changes on magnetic resonance imaging 
(MRI) scans of the hand in almost half of patients with skin psoriasis 
(5). Other studies have shown a substantial prevalence of subclin-
ical signs of enthesitis and peripheral joint synovitis by ultrasound 
when psoriasis patients were compared to healthy controls (6–8).

Axial involvement has been reported by clinical or radiographic 
evidence in 25–70% of psoriasis patients with peripheral PsA (9–
11). However, radiographs are insensitive for early recognition of 
axial inflammation, because radiographic structural changes may 
only become apparent many years after symptom onset (12). Fur-
thermore, several studies have shown at best a moderate reliability 
of radiographic evaluation of sacroiliitis according to the modified 
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New York criteria (13,14). Despite limitations of radiography, only 
a few studies have investigated the presence of axial spondyloar-
thritis (SpA) in patients with PsA by using MRIs (15–17). In these 
studies, MRI features were obtained in patients with symptomatic 
PsA or psoriasis- associated axial SpA. However, potential subclin-
ical inflammation of the axial skeleton in patients with skin psoriasis 
who lack clinical evidence of PsA has not been addressed.

Based on previous observations of a high rate of subclini-
cal inflammation in peripheral joints, we hypothesized that MRI 
may also demonstrate features of subclinical axial involvement in 
patients with psoriasis manifestation restricted to the skin. Thus, 
the aim of this study was to explore potential subclinical inflam-
mation of the axial skeleton by MRI of the SI joint and the entire 
spine in patients with skin psoriasis, but without clinical evidence 
of arthritis or spondylitis.

SUBJECTS AND METHODS

Subjects. The study sample comprised 2 groups. The 
first group consisted of 20 patients with plaque- type skin pso-
riasis, but without self- reported or clinical evidence of periph-
eral or axial joint inflammation. Patients with skin psoriasis were 
recruited in the dermatology outpatient clinic of Basel University 
Hospital during a period of 18 months. Patients receiving sys-
temic or intraarticular therapy including glucocorticoids, disease- 
modifying antirheumatic drugs, or biologic agents within 1 year 
prior to enrollment were excluded. The second group consisted of 
22 age-  and sex- matched healthy controls. Exclusion criteria for 
controls were self- reported or clinical evidence of skin psoriasis, 
arthritis, or inflammatory back pain. Age <18 years, pregnancy, 
and use of long- term analgesic medication were exclusion criteria 
for both groups. The study protocol was approved by the local 
ethics review board, and written informed consent was obtained 

from all subjects (Ethikkommission Nordwest-  und Zentralschweiz 
approval number 341/09).

Clinical examination and laboratory tests. All 
patients and controls underwent collection of clinical history 
and physical examination by the same dermatologist (PH) 
and the same rheumatologist (UAW), according to prede-
fined standardized protocols. The dermatologic examination 
included the assessment of the Psoriasis Area and Sever-
ity Index (PASI) (18) and the body surface area involvement 
(19). Patient history regarding back pain was collected using 
a doctor- administered questionnaire about prior or current 
inflammatory back pain, uveitis, dactylitis, and heel tenderness 
(20). The rheumatologic evaluation included 68 tender and 66 
swollen peripheral joint counts, chest expansion, Schober, 
Ott, and Mennell tests, and examination for dactylitis, uveitis, 
and enthesitis (21–23). For study eligibility, all rheumatologic 
assessments had to be negative. Laboratory tests included 
erythrocyte sedimentation rate, C- reactive protein level, and 
HLA–B27 status.

MRI protocol. All patients and controls underwent 
MRI of the SI joint and entire spine on a 1.5T MRI scanner 
(Somatom Avanto, Siemens). The MRI protocol included coro-
nal and sagittal T1- weighted turbo spin- echo (TSE) and short 
tau inversion recovery (STIR) sequences of the whole spine 
with a field of view 450 mm, slice thickness 5.0 mm or 3.0 
mm, and an intersection gap of 1.0 mm or 0.3 mm, for coronal 
or sagittal images, respectively. The parameters for the T1- 
weighted sequence were repetition time (TR) 403–529 msec, 
echo time (TE) 10–11 msec, and matrix 384 × 269 or 512 × 
256 pixels, for coronal or sagittal images, respectively. For the 
STIR sequence, the parameters were TR 6,270–10,790 msec, 
TE 90–103 msec, inversion time (TI) 130 msec, and matrix 
384 × 269 or 448 × 269 pixels, for coronal or sagittal images, 
respectively. For the SI joint, coronal oblique T1- weighted TSE 
and STIR sequences were acquired with a field of view 280 
mm, slice thickness 4.0 mm, and an intersection gap of 0.4 
mm. The parameters for the T1- weighted sequence were TR 
450 msec, TE 11 msec, and matrix 512 × 256 pixels, and for 
the STIR sequence TR 4,930 msec, TE 67 msec, TI 150 msec, 
and matrix 256 × 256 pixels.

MRI evaluation. MRI scans were independently eval-
uated in random order on dedicated workstations by a rheu-
matologist (UW) and a radiologist (VZ), who both had more 
than 10 years of scientific experience in imaging in SpA. The 
2 readers had undergone pretest calibration regarding lesion 
definitions and threshold in previous multicenter studies about 
the diagnostic utility of MRI in axial SpA (24,25). Readers were 
blinded to demographic and clinical data. The MRIs of the SI 
joint and the entire spine were scored simultaneously for each 

SIGNIFICANCE & INNOVATIONS
• In this controlled study, magnetic resonance imag-

ing (MRI) of the axial skeleton showed only limited 
evidence of subclinical axial inflammation in pa-
tients with skin psoriasis but without clinical signs 
of peripheral or axial inflammation.

• A total of 25% of patients with longstanding skin 
psoriasis and 9% of healthy controls were concor-
dantly classified by 2 readers as having sacroiliitis. 
At least 3 spinal corner inflammatory lesions were 
concordantly reported in 25% of patients and 18% 
of controls. However, frequencies of inflammatory 
changes on axial MRI showed no statistically signif-
icant differences between patients with psoriasis 
and healthy controls (P > 0.2).

• Our data do not support routine screening for po-
tential subclinical axial inflammation in patients 
with longstanding skin psoriasis.
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study subject. Image analysis comprised 2 steps: first, a global 
assessment indicating the presence or absence of SI joint 
inflammation, based on contextual evaluation of all features 
on T1- weighted and STIR sequences of SI joint scans, and 
second, lesion- based scores for predefined sacroiliac and spi-
nal MRI features. All lesions according to standardized scoring 
modules (MORPHO module for the SI joint [26] and CanDen 
module for the spine [27,28]) were entered into a customized 
online data entry system described elsewhere (26).

Global assessment of SI joint by MRI. Both readers indicat-
ed the presence or absence of SI joint inflammation by contextu-
al evaluation of all MRI features simultaneously on T1- weighted 
and STIR images of the SI joint. Confidence with this decision 
was assessed on a numeric rating scale (NRS) ranging from 0 
to 10, with 0 indicating definitely no SI joint inflammation and 
10 indicating definite SI joint inflammation. Subjects were classi-
fied as having SI joint inflammation if both readers independently 
agreed, with a confidence of at least 5/5 on the NRS.

Lesion- based assessment of SI joint and spine by MRI. For 
the SI joint, 4 predefined MRI lesion types were scored: bone 
marrow edema (BME), fat metaplasia, erosion, and ankylosis, 
according to standardized lesion definitions and SI joint MRI ref-
erence images of the MORPHO module (26). BME was defined 
as an increase in bone marrow signal in the SI joint on STIR 
images, and fat metaplasia as a focal increased signal in bone 
marrow on T1- weighted TSE images. For both lesion types, the 
center of the sacrum at the same craniocaudal level was used as 
the primary reference for normal bone marrow signal. We defined 
joint erosion as full- thickness loss of dark appearance of either il-
iac or sacral cortical bone of the SI joint and a change in the nor-
mal bright appearance of adjacent bone marrow on T1- weighted 
TSE images; adjacent bone marrow demonstrates altered signal 
intensity on T1- weighted TSE images as compared with normal 
iliac marrow (for iliac erosions) or normal sacral marrow (for sa-
cral erosions) on the same slice at the same craniocaudal level. 
Ankylosis was defined as a bright signal on T1- weighted TSE 
images extending across the SI joint. The presence or absence 
of BME, fat metaplasia, and erosion was recorded as a bina-
ry variable in each quadrant (upper and lower ilium, upper and 
lower sacrum), and ankylosis per upper and lower half of each 
SI joint on every slice across the cartilaginous joint compart-
ment. The individually variable upper range of affected SI joint 
quadrants per subject was determined by the number of SI joint 
slices through the entire cartilaginous joint compartment, which 
is dependent on body size. In smaller framed subjects, the car-
tilaginous SI joint compartment is depicted by 5–6 slices, while 
7–10 slices are needed in larger individuals by standard MRI pro-
tocols, applying a 4- mm slice thickness. As an example of an 
individual with 8 cartilaginous SI joint slices, the upper range of 
SI joint quadrants is 8 quadrants per slice, multiplied by the indi-
vidual slice number of 8, resulting in an upper range per subject 
across all 8 SI joint slices of 64.

Vertebral corner inflammatory lesions (CILs) and corner fat 
lesions (CFLs) were recorded according to standardized lesion 
definitions, following the CanDen module on central slices, i.e., 
slices located between the vertebral pedicles on both sides, for 
all 23 discovertebral units from C2/3 to L5/S1 (27,28). Anterior 
and posterior CILs and CFLs were defined as an increased signal 
in bone marrow at the vertebral corner in STIR and T1- weighted 
TSE sequences, respectively, compared to the center of a normal 
vertebra. The total score range for vertebral corner lesions per 
subject and lesion type was 4 corner lesions times 23 discoverte-
bral units, resulting in an upper score range of 92.

Statistical analysis. Disease characteristics are described 
using frequencies and percentages and mean ± SDs or medi-
ans with interquartile ranges (IQRs), as appropriate. Under the 
assumption of an age- dependent increase in degenerative axial 
lesions, patients and controls were dichotomized at age 50 years. 
Patients were additionally stratified according to the duration of 
skin psoriasis, adopting a threshold of 20 years. Characteristics of 
patients and healthy controls were compared using the Wilcoxon- 
Mann- Whitney test, Student’s t- test, and chi- square tests. The 
number of subjects concordantly classified by both readers as 
having SI joint inflammation by global assessment of SI joint MRI 
was calculated for patients and controls.

The lesion- based MRI scores were recorded separately for 
the SI joint and the spine as follows: for each subject, the affected 
SI joint quadrants/halves were summed across all MRI slices for 
each lesion type, i.e., BME, fat metaplasia, erosion, and ankylo-
sis, and vertebral CILs and CFLs were summed across all discov-
ertebral units. MRI scores were averaged across the 2 readers. 
We calculated the percentage of patients having ≥1, 2, 3, 4, or 5 
lesions as concordantly reported by both readers for each prede-
fined lesion type.

Interrater reliability was assessed by Cohen’s kappa or the 
intraclass correlation coefficient (ICC) of model 3 for single mea-
surement (ICC[3,1]), with 95% confidence intervals (95% CIs), 
depending on the nature of the assessed variable. Kappa agree-
ment was interpreted as slight (κ <0.2), fair (κ = 0.2 to <0.4), mod-
erate (κ = 0.4 to <0.6), substantial (κ = 0.6 to <0.8), or almost 
perfect (κ = 0.8 to <1) (29). ICC(1,3) values ≥0.4, ≥0.6, ≥0.8, and 
≥0.9 were regarded as representing moderate, good, very good, 
and excellent reproducibility, respectively (30). Data were analyzed 
using Stata/IC software, version 15.1.

RESULTS

Characteristics of the study subjects. Twenty patients 
with skin psoriasis and 22 healthy controls were enrolled. Demo-
graphic, clinical, and laboratory data of both groups are summa-
rized in Table 1. A total of 55% of patients and 45.5% of controls 
were male. The median duration of skin psoriasis was 23.0 years 
(IQR 10.0–34.3) without a statistically significant difference below 
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or above age 50 years. All patients and controls were negative for 

the HLA–B27 allele.
The majority of patients displayed limited extent (body sur-

face area involvement median 4.5 [IQR 2.0–9.8]) and low sever-
ity (PASI median 4.6 [IQR 2.1–8.6]) of skin psoriasis. The median 
chest expansion was 6.0 cm in both patients (IQR 5.0–7.0) and 
controls (IQR 5.0–6.8; P = 0.22). Median thoracic spine mobility 
by the Ott test was 2.0 cm (IQR 1.0–3.0) in patients and 3.0 cm 
(IQR 2.0–3.0) in controls (P = 0.06), and by the Schober test 4.5 
cm (IQR 3.3–5.0) in patients and 5.0 cm (IQR 4.4–5.0) in controls 
(P = 0.10).

Global assessment of SI joint by MRI. Interrater reliability 
for global assessment in the entire cohort was almost perfect with 
κ = 0.92 (95% CI 0.76–1.00). By global assessment of SI joint MRI, 5 

patients (25.0%) with skin psoriasis (Figure 1) and 2 controls (9.1%) 
(Figure 2) were concordantly classified by both readers as having 
SI joint inflammation (P = 0.23) (Table 2). Of these, 3 patients and 1 
control were age >50 years. Three patients classified as having SI 
joint inflammation had longstanding skin psoriasis, with durations of 
26, 35, and 35 years. Two patients with skin psoriasis showed SI 
joint erosion and BME, concordantly reported by both readers (SI 
joint scans of 1 patient are shown in Figure 1). The NRS confidence 
levels of reader 1/reader 2 for positive assignment of SI joint inflam-
mation by simultaneously reviewing T1 and STIR sequences were 
moderate, with NRS scores of 6/8 each for these 2 patients with 
skin psoriasis. The constellation of combined active and structural 
SI joint lesions proved a substantially higher specificity for sacroiliitis 
than by BME lesions alone (24). The levels of confidence among 

Figure  1. Sacroiliac joints in a 21- year- old female patient with 
skin psoriasis. A, Semicoronal STIR image shows poorly defined 
subchondral bone marrow edema in the left iliac bone (arrow). 
B, T1- weighted image located 1 slice posterior to image A shows 
an erosion (curved arrows) with surrounding fat metaplasia in the left 
sacrum (arrow).

A

B

Figure 2. Sacroiliac joints in a 51- year- old male healthy control. A, 
Semicoronal STIR image shows subchondral bone marrow edema 
in the cartilaginous compartment of the left sacroiliac joint (arrow). 
B, The corresponding T1- weighted image shows poorly defined left 
iliac cortical bone (arrows) mimicking an erosion at the margin of 
bone marrow edema visible on the STIR sequence.

A

B
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the 2 readers, using NRS scores, for the 5 positive assignments of 
SI joint inflammation among skin psoriasis patients were 5/5, 6/8, 

6/8, 8/9, and 8/5, and among the 2 controls 7/7 and 6/9.

Lesion- based assessment of SI joint and spine by 
MRI. For the SI joint, the interrater reliability by ICC(1,3) was 
very good for BME (0.82 [95% CI 0.69–0.90]), good for fat 
metaplasia (0.69 [95% CI 0.49–0.82]), and moderate for ero-
sion (0.44 [95% CI 0.16–0.65]). The prevalence of sacroiliac 
MRI changes was similar in patients and healthy controls for all 
lesion types (P > 0.1 for all) (Table 3). The median of affected SI 
joint quadrants in patients was 0.5 for BME and fat metapla-
sia, and 0.0 for erosion. In controls, the medians were 0.8 for 
BME and 0.0 for fat metaplasia and erosion. No SI joint anky-
losis was recorded in either group. There was no difference 
between age groups regarding prevalence of any lesion type 

in patients and controls.

For the spine, interrater reliability by ICC(1,3) was good for 
CILs (0.78 [95% CI 0.64–0.88]) and excellent for CFLs (0.94 [95% 
CI 0.88–0.96]). Spinal lesions had a similar prevalence in patients 
and controls, with medians of 1.0 and 0.5 CILs, and 0.3 and 0.0 
CFLs, respectively (Table 3). Dichotomization by age showed an 
increase in prevalence of CILs (P = 0.002) for age >50 years in 
patients. In controls, differences between age groups for CILs and 
CFLs were not statistically significant.

The numbers of subjects having ≥1, 2, 3, 4, or 5 affected 
SI joint quadrants or spine lesions for the various lesion types, 
as concordantly recorded by both readers, are shown in Table 4. 
There was no statistically significant difference between patients 
and controls for any of the 5 levels of lesion frequency (P > 0.2 
for all). A threshold of <10% of controls having a given SI joint 
lesion was met by ≥5 SI joint quadrants with BME and by 0 ero-
sion. Both spinal lesion types were concordantly reported more 

frequently in the older age group (>50 years).

Table 3. Frequency of magnetic resonance imaging (MRI) lesions in the sacroiliac joint and the spine*

Location/type 
of MRI lesion

Psoriasis patients Healthy controls

All 
(n = 20)

Age ≤50 
years 

(n = 11)

Age >50 
years 
(n = 9)

Duration 
≤20 years 
(n = 10)

Duration 
>20 years 
(n = 10)

All 
(n = 22)

Age ≤50 
years 

(n = 14)
Age >50 years 

(n = 8)

Sacroiliac joint 
quadrants

Bone marrow 
edema

0.5 (0.0–3.4) 0.0 (0.0–6.5) 1.5 (0.0–3.3) 0.8 (0.0–4.3) 0.5 (0.0–4.3) 0.8 (0.0–3.0) 0.8 (0.0–1.5) 1.0 (0.3–3.8)

Fat  
metaplasia

0.5 (0.0–3.5) 0.0 (0.0–3.5) 2.3 (0.0–6.8) 0.0 (0.0–1.3) 3.3 (0.0–6.3) 0.0 (0.0–2.0) 0.0 (0.0–0.5) 1.0 (0.0–18.0)

Erosion 0.0 (0.0–0.5) 0.0 (0.0–1.0) 0.0 (0.0–0.5) 0.0 (0.0–0.1) 0.0 (0.0–1.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0)
Ankylosis 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0)

Vertebral 
corner 
lesions

Corner in-
flammatory 
lesion

1.0 (0.1–5.5) 0.5 (0.0–1.0) 6.5 
(1.3–11.0)

0.8 (0.4–4.6) 1.3 (0.0–6.9) 0.5 (0.0–3.0) 0.5 (0.0–2.0) 2.3 (0.0–4.3)

Corner fat 
lesion

0.3 (0.0–1.4) 0.0 (0.0–1.0) 0.5 (0.0–7.8) 0.3 (0.0–1.8) 0.3 (0.0–1.6) 0.0 (0.0–2.0) 0.0 (0.0–1.5) 1.0 (0.3–3.8)

* Values are score median (interquartile range) of affected sacroiliac joint quadrants and vertebral corner lesions, averaged across the 
scores of the 2 readers. 

Table 2. Subjects classified as having SI joint inflammation by 2 readers concordantly by global assessment of sacroiliac joint magnetic 
resonance imaging*

Psoriasis patients Healthy controls

All 
(n = 20)

Age ≤50 
years 

(n = 11)

Age >50 
years 
(n = 9)

Duration 
≤20 years 
(n = 10)

Duration 
>20 years 
(n = 10)

All 
(n = 22)

Age ≤50 
years 

(n = 14)

Age >50 
years 
(n = 8)

No. (%) 5 (25.0) 2 (18.2) 3 (33.3) 2 (20.0) 3 (30.0) 2 (9.1) 1 (7.1) 1 (12.5)
Confidence, 

mean ± SD
6.8 ± 1.3 7.5 ± 1.4 6.3 ± 1.2 7.8 ± 1.1 6.2 ± 1.0 7.3 ± 0.4 7.5 ± NA 7.0 ± NA

* Confidence with classification of sacroiliac joint inflammation, ranging from 0 (definitely no inflammation) to 10 (definite inflammation) 
across 2 readers. NA = not applicable (n = 1). 
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DISCUSSION

Subclinical peripheral joint inflammation detected by MRI has 
been reported as a common finding in patients with skin psoriasis 
and no clinical evidence of PsA (5). In our controlled study, patients 
with skin psoriasis without clinical signs of arthritis or spondylitis 
showed limited evidence of concomitant subclinical axial inflam-
mation by MRI of the SI joint and the entire spine. A numerically 
slightly higher proportion of 25% of patients with longstanding 
skin psoriasis and 9% of healthy controls were concordantly clas-
sified by both readers as having SI joint inflammation (P = 0.23). 

Among patients with skin psoriasis, 2 individuals simultaneously 
showed SI joint erosion and BME, contributing to an assignment 
of potential subclinical SI joint inflammation. However, frequencies 
of edematous and structural axial lesions were comparable and 
did not differ significantly between patients and controls, both 
on SI joint and spine MRI. These findings do not support routine 
screening for potential subclinical axial inflammation in patients 
with longstanding skin psoriasis.

We observed at least 2 SI joint quadrants with BME lesions 
in 35% of psoriasis patients and 23% of healthy controls. The 

Table 4. Frequency of subjects with magnetic resonance imaging (MRI) lesions scored concordantly by both readers in the sacroiliac (SI) 
joint and the spine*

Location/type of MRI lesion

Psoriasis patients Healthy controls

All 
(n = 20)

Age ≤50 
years 

(n = 11)

Age >50 
years 
(n = 9)

Duration 
≤20 years 
(n = 10)

Duration 
>20 years 
(n = 10)

All 
(n = 22)

Age ≤50 
years 

(n = 14)

Age >50 
years 
(n = 8)

SI joint quadrants
Bone marrow edema

≥1 7 (35.0) 3 (27.3) 4 (44.4) 4 (40.0) 3 (30.0) 7 (31.8) 4 (28.6) 3 (37.5)
≥2 7 (35.0) 3 (27.3) 4 (44.4) 4 (40.0) 3 (30.0) 5 (22.7) 3 (21.4) 2 (25.0)
≥3 6 (30.0) 3 (27.3) 3 (33.3) 3 (30.0) 3 (30.0) 5 (22.7) 3 (21.4) 2 (25.0)
≥4 4 (20.0) 3 (27.3) 1 (11.1) 2 (20.0) 2 (20.0) 3 (13.6) 2 (14.3) 1 (12.5)
≥5 4 (20.0) 3 (27.3) 1 (11.1) 2 (20.0) 2 (20.0) 2 (9.1) 1 (7.1) 1 (12.5)

Fat metaplasia
≥1 3 (15.0) 2 (18.2) 1 (11.1) 1 (10.0) 2 (20.0) 3 (13.6) 0 (0.0) 3 (37.5)
≥2 3 (15.0) 2 (18.2) 1 (11.1) 1 (10.0) 2 (20.0) 3 (13.6) 0 (0.0) 3 (37.5)
≥3 2 (10.0) 2 (18.2) 0 (0.0) 1 (10.0) 1 (10.0) 3 (13.6) 0 (0.0) 3 (37.5)
≥4 1 (5.0) 1 (9.1) 0 (0.0) 1 (10.0) 0 (0.0) 3 (13.6) 0 (0.0) 3 (37.5)
≥5 1 (5.0) 1 (9.1) 0 (0.0) 1 (10.0) 0 (0.0) 3 (13.6) 0 (0.0) 3 (37.5)

Erosion
≥1 2 (10.0) 1 (9.1) 1 (11.1) 1 (10.0) 1 (10.0) 0 (0.0) 0 (0.0) 0 (0.0)
≥2 1 (5.0) 0 (0.0) 1 (11.1) 0 (0.0) 1 (10.0) 0 (0.0) 0 (0.0) 0 (0.0)
≥3 1 (5.0) 0 (0.0) 1 (11.1) 0 (0.0) 1 (10.0) 0 (0.0) 0 (0.0) 0 (0.0)
≥4 1 (5.0) 0 (0.0) 1 (11.1) 0 (0.0) 1 (10.0) 0 (0.0) 0 (0.0) 0 (0.0)
≥5 1 (5.0) 0 (0.0) 1 (11.1) 0 (0.0) 1 (10.0) 0 (0.0) 0 (0.0) 0 (0.0)

Vertebral corner lesions
Corner inflammatory lesion

≥1 8 (40.0) 1 (9.1) 7 (77.8) 4 (40.0) 4 (40.0) 8 (36.4) 3 (21.4) 5 (62.5)
≥2 6 (30.0) 1 (9.1) 5 (55.6) 3 (30.0) 3 (30.0) 7 (31.8) 3 (21.4) 4 (50.0)
≥3 5 (25.0) 0 (0.0) 5 (55.6) 2 (20.0) 3 (30.0) 4 (18.2) 1 (7.1) 3 (37.5)
≥4 4 (20.0) 0 (0.0) 4 (44.4) 2 (20.0) 2 (20.0) 2 (9.1) 1 (7.1) 1 (12.5)
≥5 4 (20.0) 0 (0.0) 4 (44.4) 2 (20.0) 2 (20.0) 2 (9.1) 1 (7.1) 1 (12.5)

Corner fat lesion
≥1 4 (20.0) 1 (9.1) 3 (33.3) 2 (20.0) 2 (20.0) 7 (31.8) 4 (28.6) 3 (37.5)
≥2 3 (15.0) 0 (0.0) 3 (33.3) 2 (20.0) 1 (10.0) 6 (27.3) 3 (21.4) 3 (37.5)
≥3 3 (15.0) 0 (0.0) 3 (33.3) 2 (20.0) 1 (10.0) 2 (9.1) 1 (7.1) 1 (12.5)
≥4 2 (10.0) 0 (0.0) 2 (22.2) 1 (10.0) 1 (10.0) 2 (9.1) 1 (7.1) 1 (12.5)
≥5 2 (10.0) 0 (0.0) 2 (22.2) 1 (10.0) 1 (10.0) 2 (9.1) 1 (7.1) 1 (12.5)

* Values are the number (%) of study subjects with MRI lesions scored concordantly by both readers. 
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findings in our study sample do not differ substantially from 
those recorded in healthy individuals in previous reports. Weber 
et al (24) found at least 2 SI joint BME lesions in 30% of healthy 
controls. If a specificity threshold for a given MRI lesion of at 
least 0.9 is applied for axial MRI to discriminate between axial 
SpA and background variation in healthy controls, or in dif-
ferential diagnostic conditions, no more than 10% of healthy 
controls in our study should meet this criterion by an individual 
level data analysis. Table 4 shows that a minimum of 5 SI joint 
quadrants affected by BME is needed to reach a specificity of 
≥0.9, because the proportion of healthy controls lies only at a 
threshold of 5 BME lesions below 10% (9.1%). This finding is 
consistent with another study in healthy individuals that showed 
the same threshold of ≥5 SI joint quadrants with BME, using the 
same MRI assessment module (31).

The presence of BME lesions meeting the Assessment of 
SpondyloArthritis international Society (ASAS) criteria for sacroilii-
tis was reported in 35–40% of healthy young individuals with high 
axial strain. The proportions in military recruits upon 6 weeks of 
intense physical training and in elite ice hockey players at the end 
of the competitive season fulfilling the ASAS definition, as con-
cordantly recorded by at least 2 of 3 readers, were 36% and 41%, 
respectively (32,33). Reasons may be manifold for the common 
finding of BME signals in the SI joint of healthy individuals with or 
without regular physical activity. Potential explanations to consider 
are mechanical stress injury to the axial skeleton, degenerative SI 
joint changes, anatomic SI joint variants, or partial volume aver-
aging from vascular signals. Our study highlights the importance 
of an appropriate control group when exploring axial lesions by 
MRI in inflammatory conditions (Figure 2). Controls help minimize 
overcalling seemingly positive assignments in patients with long-
standing skin psoriasis, by providing an estimate of background 
noise for various MRI lesion types.

In our study, the impact of age on lesion frequency was more 
noticeable in spinal than in sacroiliac inflammatory lesions. The 
frequency of psoriasis patients having CILs showed a statistically 
significant increase in patients age >50 years compared with spine 
MRIs obtained in younger patients. This observation supports the 
hypothesis that some spinal alterations in older age may reflect 
degenerative rather than inflammatory changes (34). However, 
there is a gap in knowledge, with virtually no evidence about the 
presence and pattern of degenerative versus inflammatory spinal 
lesions in subjects age >50 years.

For most lesion types, there was substantial agreement 
between the 2 independent readers. For the SI joint, interrater 
agreement was very good for BME and good for fat metaplasia, 
consistent with previous reports (35–37). The moderate interrater 
reliability for erosion relates to the very low prevalence of erosion 
in both groups (no erosion in healthy controls, only 2 patients with 
at least 1 erosion), as opposed to earlier reports in cohorts with 
established axial SpA showing frequent erosion and high interrater 
reproducibility (36,37). The interrater reliability for spinal lesions 

ranged from good to excellent, in keeping with or even superior to 
agreement data from previous reports (25).

Several hypotheses might explain why patients in our study 
with skin psoriasis but without clinical arthritis or spondylitis 
did not show MRI evidence for subclinical axial inflammation. 
Psoriatic skin and joint disease is regarded as a heterogeneous 
clinical spectrum, with a variety of different genetic signatures 
(3,38). Previous studies have identified an association between 
HLA–B27 carrier status and a more severe disease course of 
axial PsA (15,39). Although HLA–B27 positivity was not an eli-
gibility criterion, our study subjects comprised only HLA–B27 
negative psoriasis patients and healthy controls. Furthermore, 
prior reports on genetic determinants other than HLA–B27 
suggested that the HLA–C*06 allele is associated with delayed 
onset PsA and reduced risk for axial involvement (3,38,40). PsA 
is known to have a stronger association with severe skin dis-
ease and specific skin locations, such as scalp or nail involve-
ment (41,42). The patients in our study sample had no systemic 
treatment and displayed low severity skin disease as expressed 
by PASI, which may have contributed to a minor risk of axial 
inflammation.

Our study has various limitations. Conclusions are drawn from 
a small study sample, which may preclude finding a true difference 
between groups. The lack of HLA–B27–positive individuals may 
also be related to the small sample size. Our patient sample was 
heterogeneous with respect to disease duration, which ranged 
from 4 to 43 years. This heterogeneity might also be considered 
as a strength for generalizing the results to a larger population, 
but longer duration of skin disease has been shown to be asso-
ciated with more frequent peripheral joint involvement (9,11,43). 
Finally, the patients with psoriasis were not followed prospectively 
to explore potential development of clinical PsA.

In conclusion, our controlled study in patients with skin pso-
riasis, but without clinical signs of arthritis or spondylitis showed 
limited evidence by MRI for concomitant subclinical axial inflam-
mation of the SI joint and entire spine. Our findings do not provide 
evidence to advocate screening for subclinical axial inflammation 
by MRI in patients who have psoriasis activity clinically limited to 
the skin.
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Evolving Symptom Characteristics of Raynaud’s Phenomenon 
in Systemic Sclerosis and Their Association With Physician 
and Patient- Reported Assessments of Disease Severity
John D. Pauling,1 Elizabeth Reilly,1 Theresa Smith,2 and Tracy M. Frech3

Objective. Assessment of Raynaud’s phenomenon (RP) in systemic sclerosis (SSc) is reliant on self- report. The 
Raynaud’s Condition Score (RCS) diary assumes discrete episodic RP attacks, although not all SSc patients identify 
with this paradigm. We investigated the clinical associations of SSc- RP symptom characteristics and the evolution of 
SSc- RP symptoms with disease progression.

Methods. A cross- sectional study at UK and US sites captured digital color changes of SSc- RP and patients’ 
ability to identify with diagrammatic representations (and descriptive stems) of 4 distinct theoretical SSc- RP patterns 
(progressing severity A through D) reflecting progressively severe SSc- RP experiences. SSc- RP self- management 
and symptom evolution were explored. Patient demographics, the clinical phenotype, the Scleroderma Health 
 Assessment Questionnaire (SHAQ), the 2- week RCS diary, and patient and physician global assessments were 
 collected.

Results. We enrolled 107 patients with SSc (with questionnaires returned by 94). A higher number of self- reported 
digital color changes of SSc- RP were associated with increased SSc- RP symptom severity but not with the SSc clin-
ical phenotype. Patients could identify with distinct patterns of SSc- RP. These patterns were associated with disease 
duration, global disease severity, and conceptually linked physician and patient assessments of peripheral vascular 
severity (e.g., SHAQ RP subscale and RCS diary parameters), but not with conceptually unrelated outcomes (e.g., 
SHAQ breathing subscale). SSc- RP characteristics and symptom severity evolve during the disease course.

Conclusion. Patients identify with distinct patterns of SSc- RP that may relate to progression of the obliterative 
microangiopathy of SSc. Difficulty distinguishing discrete SSc- RP attacks from persistent digital ischemia in patients 
with advanced SSc could influence diary- based approaches to assessing SSc- RP, with implications for future clinical 
trials.

INTRODUCTION

Raynaud’s phenomenon (RP) is the term used to describe 
episodic excessive vasoconstriction of the digital microvasculature 
in response to cold exposure and/or emotional stress (1). RP is 
a major cause of disease- related morbidity in systemic sclero-
sis (SSc) (2–4). SSc- RP is associated with digital color changes 
reflecting the perfusion and oxygenation of affected tissues (1). The 
episodic nature of RP precludes useful assessment in the clinical 
setting and has led to a reliance on patient self- report. Classification 
(and diagnosis) of RP generally requires the presence of  biphasic 

 digital color changes (5–7). The assessment of RP symptoms can 
be undertaken using self- reported patient questionnaires with or 
without the aid of color charts demonstrating the appearances of 
the digits during RP attacks (7,8). A previous study showed that 
uniphasic digital color changes of RP in more than half of patients 
with SSc could have implications for disease classification (9). The 
relationship between specific digital color changes and the clinical 
phenotype has not previously been explored but could provide a 
readily available tool in the clinical setting (3,4).

Assessment of SSc- RP severity is also reliant on patient- 
reported outcome instruments such as the Raynaud’s Condi-
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tion Score (RCS) diary. The 2- week RCS diary collects informa-
tion on the frequency, duration, and severity/impact of SSc- RP 
attacks (10). SSc- RP attack frequency is often the primary end 
point in SSc- RP clinical trials (11,12). The RCS diary assumes 
a paradigm of discrete attacks of SSc- RP in which patients are 
cognizant of the emergence and abatement of symptoms. Con-
sistent with other clinician- derived patient- reported outcome 
instruments developed at the time, there was no direct patient 
involvement in the development of the RCS diary (13). Recent 
work examining the patient experience of SSc- RP and patient 
perceptions of the RCS diary suggests that patients conceptu-
alize SSc- RP in a more nebulous fashion that incorporates dis-
crete exacerbations on a background of more persistent digital 
ischemia (4,14). Indeed, some patients report difficulty know-
ing what an attack of SSc- RP represents (4,14). These experi-
ences are consistent with the recognized progressive obliterative 
microangiopathy of SSc and might explain the poor agreement 
between RCS diary parameters and noninvasive microvascular 
imaging assessments of digital microvascular function (15,16). 
No previous studies have examined whether different patterns of 
RP exist in SSc, and whether RP symptoms evolve with disease 
progression. The Raynaud’s Symptom Study is a multicenter 
longitudinal study designed to assess the nature and determi-
nants of RP symptoms in SSc. The current study focuses on the 
potential clinical associations of digital color changes of RP in 
SSc, self- management of SSc- RP symptoms, the presence of 
distinct patterns of SSc- RP, and possible evolution of RP symp-
toms throughout the disease course.

PATIENTS AND METHODS

Patients. Patients with SSc fulfilling the 2013 American 
College of Rheumatology (ACR)/European League Against Rheu-
matism (EULAR) classification criteria for SSc (6) were enrolled 
from SSc clinics in Bath, UK and Salt Lake City, Utah at routine 
clinical care visits between April 2015 and January 2017. The 
study received ethics approval from both sites and all participants 
 provided informed written consent.

Patient questionnaires. Patients were issued a pack con-
taining the Raynaud’s Symptom Study questionnaire and an RCS 
diary. The first section of the Raynaud’s Symptom Study question-
naire focused on RP symptoms, including digital color changes, 
body parts affected, presence of numbness, nonthermal triggers, 
and self- management approaches (see Supplementary Appendix 1, 
available on the Arthritis Care & Research web site at http://onlin elibr 
ary.wiley.com/doi/10.1002/acr.23729/ abstract). A history of white, 
blue, red, and purple digital discoloration was captured in accor-
dance with earlier work examining the specific self- reported digital 
color changes used to diagnose/classify RP (7,8). Patients were 
subsequently classified as having uni- , bi- , tri- , or quadriphasic digi-
tal color changes on the basis of the number of digital color changes 
reported. Diagrammatic representations and descriptive stems of 4 
theoretical SSc- RP patterns (A–D) were presented to the patients 
(Figure 1). These theoretical patterns of SSc- RP were developed 
using experiences described by individuals with SSc and primary 
RP during instruction on completion of the RCS diary in an earlier 
study (16). During this work, many patients struggled to complete 
the RCS diary because of difficulty differentiating RP attacks from 
background persistent digital ischemia. The resulting images (and 
accompanying stems) were reviewed and refined with support from 
patient research partners affected by SSc- RP to ensure good com-
prehension. The 4 SSc- RP patterns describe symptoms of increas-
ing severity (A–D), with progressively greater amounts of time spent 
experiencing RP features (pain, numbness, and discoloration) when 
symptomatic. Patterns C and D describe a symptom state in which 
the fingers feel cold with poor blood supply the majority of the time 
and rarely return to feeling normal (with difficulty identifying attacks 
of Raynaud’s from background digital ischemia). Patients were pre-
sented with the images/stems and asked to indicate which pattern 
best described their SSc- RP symptoms at the present time and at 
the time their SSc- RP symptoms first emerged.

SSc- RP symptom evolution over the disease course was 
further explored using direct questioning. Patients completed 
an  existing 100- mm visual analog scale (VAS) for patient global 
assessment, digital ulcer severity, and SSc- RP severity alongside 
the Scleroderma Health Assessment Questionnaire (SHAQ) and its 
disease- specific 150- mm VAS subscales (17). Patients were issued 
the 2- week RCS diary along with instructions for completion, and 
they returned the completed questionnaire and RCS diary. The RCS 
diary was used to calculate the mean daily RCS (a 0–10 numeric 
rating scale assessing the overall impact/severity of RP symptoms 
on each day of diary collection), mean daily frequency of RP attacks, 
and mean daily duration of RP attacks over the course of the 2- week 
RCS diary collection (10). Each of the RCS diary parameters was 
only calculated if a minimum of 10 days (of 14) of the diary had been 
completed satisfactorily.

Clinician case report form. We collected information 
on patient demographics (age, sex, ethnicity, disease dura-
tion based on time since the first non- RP symptom), smoking 

SIGNIFICANCE & INNOVATIONS
• Patients with systemic sclerosis (SSc) can identify 

with distinct patterns of Raynaud’s phenomenon 
(RP) symptoms that may reflect progression of the 
obliterative microangiopathy of SSc.

• The evolution of RP symptom burden in SSc reflects 
a complex interrelationship between progression 
of the peripheral vasculopathy and successful pa-
tient adaptation.

• RP symptom characteristics in SSc are not ade-
quately reflected in existing outcome measures for 
assessing RP severity in clinical trials.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23729/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23729/abstract
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history, clinical phenotype, and autoimmune serology using a 
clinician case report form. The clinical phenotype sought doc-
umented evidence from the case notes of gastroesophageal 
reflux disease symptoms, puffy fingers, sclerodactyly, digital 
ulcers, digital pitting, telangiectases, pulmonary arterial hyper-
tension, interstitial lung disease, and autoantibody specificity, 
using definitions described in the 2013 ACR/EULAR classifi-
cation criteria for SSc (6). Patients were subclassified accord-
ing to whether they had limited versus diffuse cutaneous SSc 
according to standard practice (18,19). Relevant comorbidities 
and vasoactive medications were documented. Physicians 
completed 100- mm VAS scores for physician global assess-
ment, RP severity, and digital ulcer severity.

Statistical analysis. Descriptive statistics were applied and 
will be defined where applicable. The chi- square test was used 
to compare observed frequencies across 2 or more categories. 
The unpaired t- test was used to compare distributions of contin-
uous data when examining demographic data from the Bath and 
Utah cohorts. One- way analysis of variance or Kruskal- Wallis tests 
were applied to examine distribution of data across 3 or more 
independent samples as appropriate. Logistic regression models 
were used to compare observed frequencies across categories 
of digital color changes, which are not mutually exclusive. This 
was an explorative study with multiple comparisons. In an effort to 
avoid overlooking relevant signals, we chose not to apply a formal 
Bonferroni correction, but we have been cautious in our interpre-

tation of the significance of sporadic associations and have only 
drawn conclusions where multiple comparisons lead to consistent 
positive associations.

RESULTS

In total, 107 SSc patients were enrolled in the Raynaud’s 
Symptom Study (57 in Bath and 50 in Utah), and 94 patients 
(82 female and 14 patients with diffuse cutaneous SSc) returned 
completed questionnaires. The patient demographics and clin-
ical phenotypes are shown in Table 1. The clinical phenotypes 
of the 2 cohorts were similar, although patients from Bath were 
older (mean age 65.1 versus 56.4 years; P < 0.001), had a higher 
age at diagnosis (mean 54.6 versus 47.3 years; P = 0.02), and 
had a higher use of angiotensin- converting enzyme inhibitors/
angiotensin II antagonists (P = 0.02) (Table 1). The reported prev-
alence of gastroesophageal reflux disease (82% versus 98%; P 
= 0.01) and history of digital ulcers (43% versus 68%; P = 0.02) 

was higher in the Utah cohort.

Digital color changes. Virtually all patients reported digital 
color changes related to their SSc- RP (92 of 94 [98%]). Digital 
color changes were typically related to cold exposure, although 
47 patients (50%) reported color change or numbness at normal 
temperature in response to emotional stress. The individual fin-
gers were affected equally (90–98% of patients), but there was 
relative sparing of the thumbs (58 of 94 patients [62%]). Similarly,   

Figure 1. Diagrammatic representations and descriptive stems for 4 theoretical patterns of Raynaud’s phenomenon. The 4 labeled images 
represent theoretical patterns of Raynaud’s phenomenon symptoms. Patients were asked to consider which image and stem best described 
their experience of Raynaud’s phenomenon. The dotted line indicates the threshold at which they might experience symptoms of Raynaud’s 
phenomenon. Each image was accompanied by the following statements to aid patients when making their choice: A, Intermittent short- lasting 
attacks of Raynaud’s phenomenon with the circulation in the fingers always returning to normal in between attacks (the fingers feel warm to 
touch with good blood supply the majority of the time). B, Intermittent longer- lasting attacks of Raynaud’s phenomenon with the circulation in 
the fingers not always returning completely back to normal (warm and pink) in between attacks. My fingers feel cold and appear discolored as 
often as they feel normal. C, Intermittent attacks of acute Raynaud’s phenomenon but the fingers feel cold with poor blood supply the majority of 
the time and rarely return to feeling normal. It can be difficult to identify actual attacks of Raynaud’s phenomenon from how they feel constantly. 
D, The fingers are cold and discolored all of the time and I find almost impossible to appreciate distinct attacks of Raynaud’s phenomenon, as 
the blood supply to the fingers appears to be permanently reduced.
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the toes (63 of 94 [67%]), nose (26 of 94 [28%]), and ears (18 of 94 
[19%]) were less often affected by SSc- RP. No patients reported 
involvement of the nipples. The most commonly reported digital 
color change was white (81 of 94 [86%]), followed by purple (72 
of 94 [77%]), blue (69 of 94 [73%]), and red (68 of 94 [72%]). 

More than half of patients (48 of 94 [51%]) reported quadriphasic 
color changes, with smaller numbers reporting triphasic (20 of 94 
[21%]), biphasic (14 of 94 [15%]), and monophasic RP (only 10 of 
94 [11%], the majority of whom reported isolated  blanching [6 of 
10]). A significant association was identified between the  number 

Table 1. Patient demographics and clinical phenotypes*

All 
(n = 94)

Bath 
(n = 44)

SLC 
(n = 50) P†

Age, mean ± SD years 60.5 ± 11.9 65.1 ± 9.1 56.4 ± 12.7 <0.001‡
Age at diagnosis, mean ± SD years 50.6 ± 14.9 54.6 ± 12.8 47.3 ± 16.2 0.02‡
Disease duration, mean ± SD years 9.9 ± 9.1 10.6 ± 9.8 9.2 ± 8.7 0.45
Time from RP to first non- RP symptom,  

mean ± SD years
4.9 ± 9.4 6.5 ± 9.2 3.6 ± 9.5 0.14

Women 82 (87) 40 (91) 42 (84) 0.37
Men 12 (13) 4 (9) 8 (16) 0.37
Limited cutaneous SSc 78 (83) 38 (86) 40 (80) 0.67
Diffuse cutaneous SSc 14 (15) 5 (12) 9 (18) 0.67
SSc sine scleroderma 2 (2) 1 (2) 1 (2) 0.67
Raynaud’s phenomenon 94 (100) 44 (100) 50 (100) 1.00
Gastroesophageal reflux disease 85 (90) 36 (82) 49 (98) 0.01‡
Sclerodactyly 79 (84) 36 (82) 43 (86) 0.78
History of digital ulcers 53 (56) 19 (43) 34 (68) 0.02‡
Telangiectasia 80 (85) 37 (84) 43 (86) 1.00
Pulmonary hypertension 17 (18) 7 (16) 10 (20) 0.79
Interstitial lung disease 34 (36) 13 (30) 21 (42) 0.28
White 88 (94) 42 (95) 46 (92) 0.68
Current smoker 8 (9) 3 (7) 5 (10) 0.72
Ex- smoker 23 (25) 12 (27) 11 (22) 0.72
Never smoker 61 (65) 27 (61) 34 (68) 0.72
Antibody profile (not all mutually exclusive)

Anticentromere 47 (50) 25 (57) 22 (44) 0.18
Anti–Scl- 70 13 (1) 7 (16) 6 (12) 0.18
Anti–U1 RNP 11 (11) 3 (7) 8 (16) 0.18
Anti–RNA Pol III 9 (9) 2 (5) 7 (14) 0.18
Anti–Th/To 4 (4) 3 (7) 1 (2) –
Anti–Ro 60 7 (7) 6 (14) 1 (2) –
Anti–Ro 52 1 (1) 1 (2) 0 –
Anti–PM- Scl 3 (3) 0 (0) 3 (6) –
Anti–U3 RNP 1 (1) 0 (0) 1 (2) –

Vasodilator medication§
Calcium channel antagonists 51 (54) 18 (41) 33 (66) 0.03‡
ACE inhibitors/angiotensin II antagonists 18 (19.1) 13 (30) 5 (10) 0.02¶
Phosphodiesterase 5 inhibitors 15 (16) 9 (20) 6 (12) 0.03‡
Endothelial receptor antagonist 7 (7) 4 (9) 3 (6) 0.03‡

* Values are the number (%) unless indicated otherwise. SLC = Salt Lake City; RP = Raynaud’s phenomenon; SSc = systemic 
sclerosis; ACE = angiotensin- converting enzyme. 
† Comparing Bath with SLC using unpaired t- test or chi- square test as appropriate. 
‡ Statistically significant. 
§ We are unable to attribute the chief indicator for individual vasodilator medication, which may include SSc- RP, digital ulcer 
disease, pulmonary arterial hypertension, and conventional cardiovascular disease. 
¶ Statistically significant at P = 0.02 for this medication class. 
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of phases and the RCS, with a higher median mean RCS score 
for quadriphasic SSc- RP symptoms (median 3.0 [interquartile 
range (IQR) 1.0–4.9]), compared to triphasic (1.7 [IQR 0.6–7.1]), 
and biphasic (0.5 [IQR 0.2–2.9]) (P = 0.006). A similar relationship 
was identified for the number of digital color changes and both 
the median mean frequency of attacks (median 2.1 [quadripha-
sic], 1.5 [triphasic], and 0.3 [biphasic]; P < 0.001) and median 
mean daily duration of attacks (33.2, 12.3, and 5.4, respectively; 
P = 0.008). There was no relationship between digital color 
changes and individual components of the SHAQ. The only 
associations between patient demographics/clinical phenotype 
and either individual digital color changes reported or the number 
of reported digital color changes were an association between 
telangiectases and the number of phases of RP (P = 0.033) and 
the presence of sclerodactyly in patients reporting digital cya-
nosis (P = 0.044). These sporadic associations are likely to be 
the consequence of statistical issues concerning multiple testing 
and quasi- complete separation, respectively, rather than clinically 
meaningful associations (data not reported).

Self- management of SSc- RP. Virtually all patients 
reported wearing layers of clothes to keep warm (89 of 94 
[95%]) and carrying gloves (81 of 94 [86%]) to avoid attacks of 

SSc- RP. The majority of patients reported using hand warmers 
(67 of 94 [71%]), seeking help from others (e.g., getting food 
from the refrigerator/freezer) (49 [52%]), and avoiding going 
out when cold (65 [69%]) as additional methods of  avoiding 
SSc- RP symptoms. Many patients reported using hand warm-
ers (51 of 94 [54%]) to ameliorate SSc- RP symptoms, but a 
greater percentage reported submerging their hands in warm 
water (72 of 94 [77%]). The majority of patients reported feel-
ing that they were better able to avoid SSc- RP attacks (48 
patients [51%] agree/strongly agree versus 22 patients [23%] 
disagree/strongly disagree) and able to shorten SSc- RP 
attacks (44 patients [47%] agree/strongly agree versus 19 
patients [20%] disagree/strongly disagree) over time.

Patterns of SSc- RP. In total, 93 patients (99%) could 
identify with a pattern of SSc- RP that corresponded to their 
current experience of SSc- RP. The majority of patients (44%) 
identified pattern B as the most representative of their cur-
rent SSc- RP symptoms, with 17% of patients identifying with 
patterns C or D (Table 2). A total of 92 patients were able to 
identify with a pattern of SSc- RP that corresponded to their 
experience of SSc- RP at the time their symptoms first emerged 
(Table  2). More patients identified with pattern A when their 

Table 2. The relationship between physician and patient assessments of disease severity and SSc- RP patterns identified 
by patients*

Pattern A Pattern B Pattern C Pattern D P†

Current SSc- RP pattern, no. (%) 36 (39) 41 (44) 13 (14) 3 (3) 0.08
Initial SSc- RP pattern, no. (%) 50 (54) 25 (27) 12 (13) 5 (3) 0.08
Disease duration, years 8.5 ± 9.9 9.0 ± 8.3 15 ± 8.23 18 ± 1.73 0.05
Physician and patient scores‡

Physician RP 20.5 ± 19.1 30.9 ± 21.9 33.9 ± 25.9 61 ± 35.9 0.007§
Physician global 24.5 ± 22.0 32.8 ± 25.6 37.7 ± 25.2 68.3 ± 28.4 0.02§
Patient global 28.3 ± 25.1 43.8 ± 23.2 49.2 ± 32.6 76.7 ± 12.4 0.002§

SHAQ indices (range 0–3.0)
HAQ DI 0.5 ± 0.5 1.0 ± 0.7 1.3 ± 0.8 1.9 ± 0.5 <0.001§
Pain VAS 0.7 ± 0.8 1.2 ± 0.9 1.6 ± 0.9 2.3 ± 0.3 <0.001§
GI VAS 0.5 ± 0.6 0.8 ± 0.8 1.5 ± 1.2 2.6 ± 0.5 <0.001§
Breathing VAS 0.5 ± 0.6 0.8 ± 0.8 0.8 ± 0.9 1.2 ± 1.1 0.27
RP VAS 0.3 ± 0.6 0.9 ± 0.8 1.1 ± 0.9 2.8 ± 0.2 <0.001§
Digital ulcer VAS 0.2 ± 0.5 0.5 ± 0.8 0.9 ± 1.2 1.5 ± 1.5 0.007§
Global VAS 0.6 ± 0.7 1.3 ± 0.8 1.5 ± 1.1 2.7 ± 0.2 <0.001§

RCS diary parameters
Mean daily RCS score (0–10) 1.6 ± 1.8 3.5 ± 2.5 4.0 ± 2.4 5.4 ± 2.1 <0.001§
Mean daily RP frequency, per/day 1.1 ± 1.1 2.3 ± 1.7 3.6 ± 1.9 4.4 ± 4.4 <0.001§
Mean daily RP duration, minutes 17.4 ± 22.8 66.6 ± 80.7 94.9 ± 103.1 125.1 ± 114.3 0.002§

* Values are the mean ± SD unless indicated otherwise. SSc = systemic sclerosis; RP = Raynaud’s phenomenon; SHAQ = 
Scleroderma Health Assessment Questionnaire; HAQ DI = Health Assessment Questionnaire disability index; VAS = visual 
analog scale; GI = gastrointestinal; RCS = Raynaud’s Condition Score. 
† 1- way analysis of variance or chi- square test as appropriate. 
‡ 100- mm VAS scale. 
§ Statistically significant. 
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SSc- RP symptoms first emerged than at the present time (50 
of 92 versus 36 of 93; P = 0.04) and the observed frequencies 
within each pattern appeared to have evolved over time (P = 
0.08) (Table 2). Indeed, there was a strong signal to suggest 
greater disease duration in patients identifying with progres-
sive SSc- RP patterns (P = 0.05) (Table 2). Overall, 28 patients 
(30%) reported advancement of the SSc- RP pattern over time, 
with 44 patients (48%) reporting a static pattern (this group 
also had a shorter mean disease duration), and 20 patients 
(22%) reporting an improvement in SSc- RP pattern. Patients 
reporting progression of the SSc- RP pattern were found to 
have higher RCS diary parameters (P < 0.005) and a higher 
SHAQ RP VAS score (P = 0.001) than those patients whose 

SSc- RP remained static or improved (data not shown).
Statistically significant associations were identified between 

reported SSc- RP patterns and conceptually linked physician 
and patient assessments of peripheral vascular severity (e.g., 
physician RP VAS score [P = 0.007], SHAQ RP VAS score [P 
< 0.001], and the RCS diary parameters [P < 0.005 for all]) 
(Table 2). Significant associations were also identified between 
SSc- RP patterns and both patient (P = 0.002) and physician 
(P = 0.02) global VAS assessments. There was no associa-
tion between SSc- RP patterns and conceptually unrelated 
outcomes such as the SHAQ breathing VAS score (P = 0.27) 
(Table 2), although associations were found with the SSc- RP 
patterns and the SHAQ gastrointestinal (GI) VAS scores.

Evolution of SSc- RP symptoms over time. The cohort 
was evenly split with respect as to whether SSc- RP symptoms 
had evolved over the course of the disease. Thirty- six patients 
(38%) reported worsening of their SSc- RP over time, whereas 22 
patients (23%) felt there had been an overall improvement, with the 
remaining 36 patients (38%) reporting their symptoms as stable (or 
undecided). Most patients (43 of 94 [46%]) reported an increase 
in the frequency of SSc- RP episodes, whereas 20 patients (21%) 
felt the episodes had become less frequent, and the remaining 31 
patients (33%) felt the frequency was unchanged (or undecided). 
Similarly, the duration/length of SSc- RP episodes was reported as 
increased in 39 patients (41%), decreased in 20 patients (21%), 
and unchanged in the remaining 35 patients (37%). A similar dis-
tribution was found for evolving severity of SSc- RP episodes (36 
[38%] worse, 20 [21%] better, and 38 [40%] the same). Consistent 
with the previously mentioned patterns of RP, a significant num-
ber of patients (21 [22%]) reported finding it harder to distinguish 
SSc- RP attacks from background digital ischemia. The majority of 
patients (35 [37%]) were undecided whether or not their SSc- RP 
medications were working better as their disease advanced. Thirty 
patients (32%) agreed/strongly agreed that their SSc- RP medica-
tions had become more effective over time, whereas 14 patients 
(15%) disagreed/strongly disagreed with this statement (data 
missing on 15 patients). The choice and availability of new treat-
ments (e.g., phosphodiesterase inhibitors) makes it difficult to fully 

understand the relationship between SSc- RP symptom burden 
and medication use.

DISCUSSION

We reported the findings of a large study investigating the 
nature and evolution of RP symptoms in SSc. The apparent 
evolution of RP symptoms, characterized by more persistent 
symptoms of digital ischemia, could reflect progression of the 
obliterative microangiopathy of SSc. These findings shed light on 
possible determinants of SSc- RP and have implications for future 
RP management and clinical trial design.

In contrast with earlier work (9), monophasic RP was only 
reported in 11% of our patients with SSc, although this finding 
could still have implications for disease classification in early SSc, 
when disproportionate weighting is attached to achieving defini-
tions for RP (“2- phase color change in fingers”) given that other 
organ manifestations may have yet to emerge (6). Our prevalent 
cohort study design does not allow examination of digital color 
changes at diagnosis, which may differ from color changes of 
established disease, considering our findings supporting SSc- RP 
symptom evolution. A higher number of reported digital color 
changes was associated with higher overall SSc- RP severity, 
assessed using the RCS diary parameters, but we did not iden-
tify any differences in clinical phenotype associated with specific 
patient- reported digital color changes of SSc- RP (or combina-
tions thereof), suggesting that repeated inquiry is of limited value 
in the clinical setting. We were surprised by the lack of associa-
tion between digital color changes and clinical outcomes (hav-
ing hypothesized that cyanosis [blue and/or purple] might be a 
marker of more severe digital vasculopathy). We undertook an 
extensive review of each of the digital color changes (and combi-
nations thereof) but did not identify any meaningful associations. 
One explanation for this absence might be the high prevalence of 
all of the digital color changes (72–86%) across the group, making 
it difficult to identify clinical associations. Possibly the use of color 
charts or clinician- observed digital color changes might be more 
effective than self- report at identifying clinical associations with 
specific digital color changes of SSc- RP.

We explored self- management approaches taken by patients 
to avoid or ameliorate symptoms of SSc- RP, and our analysis sug-
gests that the majority of patients feel better able to manage their 
symptoms over time, supporting the findings of previous qualitative 
research that identified successful adaptation as an important deter-
minant of the overall burden of SSc- RP (4). For the first time, we have 
shown that SSc patients identify with different patterns of SSc- RP. 
The apparent evolution in SSc- RP pattern since symptom onset and 
the association between worsening RP pattern and disease duration 
are suggestive of a possible relationship with the progressive obliter-
ative microangiopathy of SSc, although additional work exploring the 
relationship between patterns of SSc- RP and capillary morphology 
at the nail fold would strengthen this supposition. Worsening SSc- RP 
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patterns were associated with physician and patient assessments 
of global disease burden and peripheral vascular severity. Patient 
assessments of SSc-RP severity included RCS diary parameters, 
suggesting more persistent symptoms of digital ischemia. We had 
hypothesized that more persistent symptoms of digital ischemia may 
translate into the reporting of fewer SSc- RP attacks (with major impli-
cations for current SSc- RP trial design and interpretation), but our 
data did not support this hypothesis. This result does not negate the 
potential importance of different patterns of SSc- RP with respect to 
treatment outcomes and clinical trial design, which should form the 
focus of further research. Indeed, >20% of patients reported difficulty 
 distinguishing discrete attacks of SSc- RP from background digital 
ischemia, which might have an important influence on diary- based 
approaches to RP assessment. There was no relationship between 
SSc- RP patterns and the conceptually unrelated SHAQ breathing 
VAS, but a surprising relationship was identified with the SHAQ GI 
VAS. This finding might reflect a true association between GI disease 
and peripheral vascular dysfunction in SSc. Alternatively, the relation-
ship may reflect shared experiences around pain with both RP and 
GI disturbance (but not breathlessness) in SSc. These observations 
could form the focus of further research.

The cohort was relatively evenly split when asked whether 
their SSc- RP symptoms had worsened over time (approximately 
35%), remained the same (approximately 35%), or improved 
(approximately 20%). A number of factors might contribute to 
these findings, including progression (or regression) of peripheral 
microangiopathy, treatment efficacy, self- efficacy, habituation, 
and adaptation (20).

This study benefits from being a comparatively large mul-
ticenter study of SSc, but the questionnaire design limits the 
extent to which we can explore the potential mechanisms 
underpinning SSc- RP symptom characteristics and symptom 
burden. Future longitudinal studies incorporating microvascu-
lar imaging will help further elucidate determinants of RP symp-
tom evolution in SSc and the implications for management.
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Additional Costs of Polymyalgia Rheumatica With Giant Cell 
Arteritis
Michael Mounié,1 Grégory Pugnet,2 Nicolas Savy,3 Maryse Lapeyre-Mestre,4 Laurent Molinier,1 and 
Nadège Costa5

Objective. To assess and compare direct costs between patients with giant cell arteritis (GCA) that is associated 
or not associated with polymyalgia rheumatic (PMR), and to identify the additional cost drivers due to PMR.

Methods. A population- based, retrospective cohort study using the French National Health Insurance System 
Database was conducted. Cost analysis was performed from the French health insurance perspective and direct 
medical and nonmedical costs were taken into account (based on 2014 costs [€]). Costs were analyzed according 
to different components and divided into 6- month periods to assess care consumption. Longitudinal multivariate 
analyses, using generalized estimating equations, were used to adjust the effect of PMR on the mean cost over time.

Results. Analyses were performed on 100 incident patients with GCA, 54 of whom had PMR. The cumulative ad-
ditional cost due to PMR was €8,801 for 3 years, and €10,532 for 5 years. The significant additional costs occurred 
especially during the second and third years of follow- up, amounting to €1,769 between 12 and 18 months (P = 0.02), 
€1,924 between 18 and 24 months (P = 0.17), €1,458 between 24 and 30 months (P = 0.08), and €1,307 between 30 
and 36 months (P = 0.07). The most important cost drivers were inpatient stays, paramedic procedures, and medi-
cations. Multivariate analyses showed a significant effect of PMR on mean cost during the first 3 years of follow- up 
(relative risk 1.76 [95% confidence interval 1.03–2.99], P = 0.038).

Conclusion. To our knowledge, this study is the first to accurately assess the cost of PMR care in patients with 
GCA and to highlight that PMR is largely responsible for the high cost of GCA.

INTRODUCTION

Giant cell arteritis (GCA) and polymyalgia rheumatica (PMR) 
are frequently associated and generally occur in persons ages 
≥50 years. PMR is typically characterized by aching and morning 
stiffness in the proximal regions of the extremities and elevated 
markers of inflammation. GCA commonly presents with unilateral 
or bilateral headache of recent onset, fatigue, fever, weight loss, 
jaw claudication, and occasional acute visual loss and/or addi-
tional elevated markers of inflammation. PMR occurs in 40% to 
60% of patients diagnosed with GCA (1,2). The gold standard for 
clinical management of GCA associated with PMR is prolonged 
corticosteroid (CS) therapy (2).

GCA and PMR do not significantly increase long- term mor-
tality risk compared with the general population (3,4), but are 
associated with major comorbidities linked to the disease itself 
and CS therapy. Thus, GCA and PMR place a substantial burden 
on health care use and expenditure (5–7). Although the cost of 
illness has been studied extensively for other systemic autoim-
mune diseases (8,9), little information is available on the eco-
nomic burden of GCA (10,11) and none on the additional cost 
represented by PMR in patients with GCA (12). The aim of this 
study was to assess and compare direct costs between patients 
with GCA associated with PMR and patients with GCA not asso-
ciated with PMR, and to identify the additional cost drivers due 
to having PMR.
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MATERIALS AND METHODS

Study design, setting, and population. We performed 
a population- based, retrospective cohort study using the Sys-
teme National d’Information Inter Regime de l’Assurance Maladie 
(SNIIRAM), a national medical and administrative database that 
includes data on care consumption and reimbursement from 
94.5% of the French population. This database contains the 
demographic characteristics of patients (i.e., age, sex, vital status, 
date of death), characteristics of health care providers, medication 
and medical equipment, outpatient care (i.e., visits, medical pro-
cedures with biology, anesthesia, and surgery, imaging, anatomi-
cal pathology, dentistry procedures, and paramedical procedures 
with nursing, physiotherapy, podiatry, speech therapy, and ortho-
pedic procedures), inpatient stays (for hospital stays, information 
is available from official diagnosis- related group tariffs, identified 
by a specific code based on the International Classification of Dis-
eases, Tenth Revision [ICD- 10] and type of hospitalization units), 
and transportation costs. When the current study was designed, 
only parts of the SNIIRAM data were available, corresponding to 
a workers’ insurance system, which covers 86% of the French 
population. We used data of the worker’s insurance system taken 
from Midi- Pyrenees County in west southern France.

Identification of the study population. Incident 
cases of GCA associated with PMR and GCA not associ-
ated with PMR were identified between January 2005 and 
December 2008, and were followed up until April 2011 using 
SNIIRAM data previously used within the same context (11). 
The first step was the extraction of all possible patients with 
GCA using specific criteria, including age ≥ 50 years, an 
ICD- 10 code for GCA or GCA associated with PMR (M31.6 
or M31.5, respectively), and ≥1 prescription for CS including 
prednisone, prednisolone, or methylprednisolone. The second 
step was the validation of the GCA diagnosis by the SNIIRAM 
physicians via a systematic review of the original medical form 
completed by the patient’s general practitioner. The third step 
was the identification of incident patients, defined by a CS 
course with ≥4 prescriptions of prednisone, prednisolone, or 

 methylprednisolone over a 6- month period, a first prescrip-
tion that corresponded to a prednisone- equivalent dosage of 
between 5 and 150 mg/day, no exposure to CS during the 
6 months before the index date, and GCA recorded from 1 
month before to 3 months after the index date. PMR without 
GCA symptoms (M35.3 code) and other M31 ICD- 10 codes 
were excluded.

Comorbidities. Comorbidities were identified between 
12 months and 1 month before the index date, accordingly, for 
each patient, using LTD ICD- 10 codes. Diabetes mellitus was 
defined by the sustained prescription (i.e., ≥4 prescriptions dur-
ing the 6 months before index date) of blood glucose–lowering 
drugs used as a proxy and its ICD- 10 code. Comorbidity cat-
egories included cancer, diabetes mellitus, cardiovascular dis-
ease (stroke, coronary artery disease, peripheral artery disease, 
heart failure and cardiac arrhythmia, and others), hypertension, 
dementia, and lung disease (13).

Estimate of costs. Cost analysis was performed from the 
French health insurance perspective and included direct medical 
and nonmedical costs. Direct medical costs corresponded to 
inpatient stays, outpatient care, medication, and medical equip-
ment. Direct nonmedical costs were limited to transportation 
costs. Full details on cost calculations are demonstrated in a 
previous study by our group (11).

Statistical analyses. Descriptive statistics were used to 
summarize the data and are expressed as mean ± SDs, first and 
third quartile for continuous variables, and occurrences with per-
centages for categorical variables. Baseline characteristics were 
compared between patients with GCA not associated with PMR 
(GCA only) and patients with GCA and PMR (GCA + PMR) using 
the Z test for quantitative variables and Fisher’s exact test for 
categorical variables.

Health care costs were studied over a maximum of 5 years. 
Given the sample size of patients with GCA, all individuals with 
>6 months of follow- up were considered. Costs were evaluated 
according to the different cost components and divided into 
6- month periods.

The costs of patients with GCA only were compared to those 
of patients with GCA + PMR, in order to estimate the additional 
cost of PMR. Costs were described in terms of mean values and 
95% confidence intervals (95% CIs). Depending on cost distri-
bution, cost differences between patients with GCA only and 
patients with GCA + PMR were tested using a statistical Z test 
or a nonparametric Wilcoxon- Mann- Whitney test, as appropriate.

Longitudinal multivariate regression, using generalized esti-
mating equations, was implemented to adjust the effect of PMR 
on mean costs over time (14). In addition to comorbidities (P < 
0.20), age, sex, and time were maintained to adjust the effect of 
PMR on average total cost. Comorbidities tested were diabetes 

SIGNIFICANCE & INNOVATIONS
• To our knowledge, this is the first study to assess 

the additional cost represented by polymyalgia 
rheumatica (PMR) in patients with giant cell arteritis 
(GCA).

• Cost of GCA with PMR was significantly higher than 
cost of GCA without PMR.

• PMR complications caused a large proportion of 
extra costs of GCA compared to controls, mainly 
because of increased length of inpatient stay, drug 
prescriptions, and paramedic care.
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mellitus, cardiovascular diseases, cancer, hypertension, demen-
tia, and lung disease. Thus, the final model was selected using 
backward selection. Statistical analysis was performed using R 
software, version 3.1.2.

Ethics/consent. This was an observational study on anon-
ymous data. Therefore, in accordance with French legislation, 
approval by an ethics committee was not required and analysis of 
the data was permitted for research purposes.

RESULTS

Patient characteristics. We identified 103 incident GCA 
patients. We excluded 3 GCA patients whose follow- up period 
was <6 months. A total of 100 incident GCA patients were 
included (46 with GCA only and 54 with GCA + PMR). Table 1 
shows the baseline characteristics of the patients in both groups. 
The mean ± SD age was 74.8 ± 8.9 years for GCA only and 74.1 
± 9.1 years for GCA + PMR. The GCA only group consisted of 
74% female patients, and 81% of patients in the GCA + PMR 
were female. At baseline, only cardiovascular disease (CVD) was 
significantly more prevalent in the GCA + PMR group.

Cost analysis. Cumulative additional costs in the GCA + 
PMR group compared to the GCA only group during the first 3 
years of follow- up were €8,801, increasing to €10,532 over the 
5- year follow- up period. Cumulative costs due to PMR over these 
time periods, together with the 95% CIs, are shown in Supple-
mentary Figure 1, available on the Arthritis Care & Research  
web site at http://onlin elibr ary.wiley.com/doi/10.1002/acr23 736./
abstract).

Additional total costs were higher during the first 3 years of 
follow- up than at the end of follow- up, including €480 for the first 
6 months (P = 0.25), €1,863 between months 6 and 12 (P = 
0.17), €1,769 between months 12 and 18 (P = 0.02), €1,924 
between months 18 and 24 (P = 0.17), €1,458 between months 
24 and 30 (P = 0.08), and €1,307 between months 30 and 36 
(P = 0.06).

The main additional cost drivers were inpatient stays, para-
medic procedures, and medications. All costs and time periods 
are detailed in the online supplementary material (see Sup-
plementary Table 1, available at http://onlin elibr ary.wiley.com/
doi/10.1002/acr23 736./abstract). Inpatient stays amounted 
to an additional €4,951 over 3 years and €5,555 over 5 years. 
These differences were not statistically significant and represent, 
respectively, 56% and 53% of the total additional cost. Para-
medic procedures cost €1,955 over 3 years and €1,710 over 5 
years, which represent 22% and 16% of the total additional cost, 
respectively. These differences are not statistically significant and 
mainly included nursing costs.

Medication was the most significant cost driver, with an 
additional cost of €1,316 over 3 years and €2,137 over 5 years, 

which represent 15% and 20% of the total additional cost, 
respectively. These differences were statistically significant 
for almost the entire follow- up period. The mean cost differ-
ence between the groups was driven by 5 therapeutic classes, 
including analgesic and nonsteroidal antiinflammatory drugs, 
CS, proton- pump inhibitors, antidepressants, and central nerv-
ous system drugs (except anesthetics or analgesics).

Factors related to medical costs. Patients with GCA 
+ PMR were associated with significant increased costs  during 
the first 3 years of follow- up (relative risk [RR] 1.76 [95% 
CI 1.03–2.99], P = 0.038). The mean cost for GCA + PMR 
patients tended to become similar to that of GCA only patients 
after 3 years, with a significant decrease (RR 0.59 [95% CI 
0.34–1.01], P = 0.054) during the 4th and 5th years of fol-
low- up. The other factor associated with significantly higher 
costs was a diagnosis of diabetes mellitus before the index 

date (Table 2).

DISCUSSION

To the best of our knowledge, this is the first study to 
assess the additional cost of PMR in patients with GCA. We 
estimated the cumulative additional costs during the first 3 
years of GCA + PMR at around €8,800, representing a 76% 
cost increase compared to patients with GCA only. The main 
cost drivers were inpatient stays, paramedic procedures, and 
medications.

Little data are available on the medical cost of PMR. In a 
study by Kremers et al, the authors compared data from PMR 
patients with matched controls, and evaluated the additional 
total cost over a 5- year period, which ranged from $2,233 to 
$27,712, respectively, for the 10th percentile and 90th per-
centile (generalized quantile regression) (12). The comparison 

Table 1. Baseline characteristics of patients with giant cell arteritis 
(GCA) with or without polymyalgia rheumatica (PMR)*

GCA without 
PMR 

(n = 46)

GCA with 
PMR 

(n = 54) P

Age, mean ± SD 
(Q1–Q3)

74.8 ± 8.9 
(69–82.2)

74.1 ± 9.1 
(67.2–81.4)

0.71

Male 12 (0.26) 10 (0.19) 0.37
Comorbidities

Cancer 3 (0.07) 8 (0.19) 0.18
DM 3 (0.07) 1 (0.02) 0.26
CVD 0 (0.00) 9 (0.17) <0.01
Hypertension 21 (0.46) 34 (0.63) 0.09
Dementia 0 (0.00) 1 (0.02) 0.32
Lung disease 0 (0.00) 1 (0.02) 0.32

* Values are the number (%) unless indicated otherwise. Q =  quartile; 
DM = diabetes mellitus; CVD = cardiovascular disease. 

http://onlinelibrary.wiley.com/doi/10.1002/acr23736./abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr23736./abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr23736./abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr23736./abstract
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of the study by Kremers and colleagues with our study should 
be interpreted with caution because the health care system in 
the US is considerably different than the French health care 
system according to health care organization, reimburse-
ment conditions, and unit prices used to value health care 
resources. Furthermore, the study by Kremers et  al showed 
median costs instead of mean costs, which was the metric we 
used. However, these high differences were eliminated when 
adjusting for comorbidities and number of hospital days. The 
authors concluded that the additional cost between PMR and 
the controls came from CVD, which was more prevalent in 
patients with PMR.

We also found a high number of patients with CVD in our 
GCA + PMR population (17%) versus none in the GCA only 
group. This association could partially explain the additional 
incremental cost found in this group that was mainly represented 
by the cost of inpatient stay, although our multivariate analysis 
showed no impact of cardiovascular comorbidities on costs and 
were excluded by the backward procedure without substantially 
varying the cost of GCA + PMR.

Indeed, the main cost driver among the GCA + PMR and the 
GCA only groups was the cost of inpatient stay, which represented 
>56% of the total additional cost over the first 3 years. In the study 
by Kremers et al, the authors adjusted the costs according to the 
number of days in hospital, which is strongly correlated with the 
costs of inpatient stay and hides the real effect of PMR. Patients in 
the study by Kremers et al were first diagnosed with PMR between 
1987 and 1999. In addition to these old data, patients with PMR 
alone, GCA, or temporal arteritis were within the PMR population 
in the study by Kremers and colleagues. Moreover, the authors 
did not consider outpatient medication, which our study identified 
as one of the main cost drivers. Thus, it is difficult to compare the 

results of the Kremers et al study with those of our study. Never-
theless, we also found that the main cost drivers occurred early in 
the disease course.

Despite the higher cost of inpatient stay (partially led by a 
higher proportion of comorbidities, in this group patients with GCA 
+ PMR were not hospitalized more than patients with GCA only. 
Forty- six percent of patients with GCA + PMR had ≥1 inpatient 
stay, with a mean of 2.12 hospitalizations for quartile 1–quartile 3: 
1–2. Comparatively, 52% of GCA only patients had ≥1 inpatient 
stay, with a mean of 3.54 hospitalizations for quartile 1–quartile 3:  
1–3. Point estimates of mean per person inpatient costs were 
higher for GCA + PMR than GCA only during most of the first 
3 years after GCA diagnosis. However, due to wide variation in 
the per person costs for GCA + PMR, these differences were not 
statistically significant (see Supplementary Table 1, available on 
the Arthritis Care & Research web site at http://onlin elibr ary.wiley.
com/doi/10.1002/acr23 736./abstract).

Patients with GCA + PMR showed a greater need for nurs-
ing services and medications (such as antidepressants, CS, or 
proton- pump inhibitors) than patients with GCA only. This result 
highlights a different management of GCA + PMR compared to 
GCA only, which could be explained not only by the higher pro-
portion of comorbidities in the GCA + PMR group but also by a 
different phenotype at disease onset, which could be more painful 
and disabling.

We have previously reported an additional mean cost 
between patients with GCA and matched controls of €6,400 for 
3 years (within the same cohort) (11). The present study demon-
strates an additional mean cost of €8,800 between patients with 
GCA + PMR and those with GCA only. We estimate an additional 
cost between patients with GCA + PMR and controls of approx-
imately €10,000, whereas the additional cost between patients 
with GCA only and controls was approximately €2,000 for 3 years 
of follow- up. PMR complications caused a large proportion of 
extra costs of GCA compared to controls.

As explained in our previous study (11), our main strength is 
the use of the SNIIRAM, an exhaustive population- based reim-
bursement database, but our results should be interpreted in 
the light of some potential limitations. First, we must take into 
account classification bias. Due to French privacy laws, we had 
no access to clinical and histologic data in order to personally 
check the diagnosis of GCA. Secondly, the services and health 
care utilization patterns and associated costs in our study rep-
resent the clinical practice patterns in France and may not be 
generalizable to other settings. However, the purpose of our 
study was to compare GCA + PMR and GCA only in an attempt 
to demonstrate differences in the use of health care services 
in terms of costs. Third, we considered all individuals with >6 
months of follow- up. Depending on the time span, the size sam-
ple will change and bring an attrition bias.

In conclusion, overall, our study showed that the additional 
total costs of GCA associated with PMR compared to GCA with-

Table 2. Factors associated with the mean variation in total costs 
over time (multivariate analyses)*

Adjusted RR 95% CI P

Age, years
50–69.3 1
69.4–78.5 1.18 0.65–2.13 0.584
78.6– 88.7 1.53 0.88–2.68 0.131

Females 1.05 0.67–1.66 0.829
Comorbidity at 

baseline, DM
2.69 1.49–4.86 0.001

PMR 1.76 1.03–2.99 0.038
Time, years

0–3 1
4–5 0.96 0.68–1.35 0.803

Time, PMR† 0.59 0.34–1.01 0.054

* RR = relative risk; 95% CI = 95% confidence interval; DM = diabe-
tes mellitus; PMR = polymyalgia rheumatica. 
† The interaction term between having PMR and the time variable. 

http://onlinelibrary.wiley.com/doi/10.1002/acr23736./abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr23736./abstract
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out PMR was significantly higher for the first 3 years. This was 
mainly because of greater incidence of inpatient stays, drug pre-
scriptions, and paramedic care.
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Contraception Use Among Reproductive- Age Women With 
Rheumatic Diseases
Mehret Birru Talabi,1 Megan E. B. Clowse,2 Susan J. Blalock,3 Larry Moreland,1 Nalyn Siripong,1 and 
Sonya Borrero4

Objective. To determine contraception use among a cohort of reproductive- age women (ages 18–50 years) with 
rheumatic diseases.

Methods. We conducted a study of administrative data from a single, large medical center between the years 
2013 and 2014. Women who had 1 of 21 possible rheumatic disease diagnoses and had at least 2 outpatient rheu-
matology visits were included in this analysis. We used logistic regression analyses to evaluate adjusted associations 
between the use of prescription contraception, use of potentially fetotoxic medications, and visits with rheumatolo-
gists, primary care providers, and gynecologists.

Results. Of 2,455 women in this sample, 32.1% received any prescription contraception, and 7.9% of women 
used highly effective prescription methods (intrauterine devices, implants, and surgical sterilization). More than 70% 
of women took ≥1 type of fetotoxic medication during the 2- year study timeframe. Fetotoxic medication use was not 
associated with overall use of prescription contraception, but was associated with the use of highly effective con-
traceptive methods (adjusted odds ratio [OR] 2.26 [95% confidence interval (95% CI) 1.44–3.54]). Women who saw 
gynecologists or primary care providers were more likely to use prescription contraception overall (adjusted OR 3.35 
[95% CI 2.77–4.05] and 1.43 [95% CI 1.18–1.73], respectively). Women who saw gynecologists were more likely to 
use highly versus moderately effective contraceptive methods (adjusted OR 2.35 [95% CI 1.41–3.94]). Rheumatology 
visits were not associated with use of prescription contraception in any models.

Conclusion. This is the largest study to date to describe contraceptive use among reproductive- age women 
with rheumatic diseases, and the findings reveal low use of prescription contraception. Urgent efforts are needed to 
 improve contraceptive care and access for some women with rheumatic diseases.

INTRODUCTION

Although more than two- thirds of reproductive- age women 
in the US actively use contraception (1), little is known about con-
traceptive use among young women with rheumatic diseases. In 
addition to preventing unintended pregnancy, contraception may 
uniquely benefit these women by delaying pregnancy until their 
diseases are quiescent. Indeed, fewer perinatal disease flares, 
higher neonatal birth weights, more live births, and fewer com-
plications, such as preeclampsia, may occur among women with 
inactive versus active diseases at the time of conception. Such 

benefits have been reported for systemic lupus  erythematosus 
(SLE), rheumatoid arthritis (RA), antiphospholipid antibody 
 syndrome (APS), ankylosing spondylitis, systemic sclerosis, vas-
culitis, and the inflammatory myopathies (2–9). Because several 
medications used by women with rheumatic diseases have sub-
stantial teratogenic potential, contraception use may also prevent 
pregnancy until women and their doctors have established an 
acceptably safe medication regimen.

Despite the benefits of pregnancy planning and contraceptive 
care for women with rheumatic diseases, results of several prior 
surveys of young women with SLE, APS, RA, and inflammatory 
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bowel disease demonstrated that a minority of women received 
contraceptive counseling, used any contraception, and rarely 
used highly effective methods (e.g., subdermal implants, intrauter-
ine devices [IUDs]) (10–12); reasons for this gap are unclear, and 
findings from these surveys have rarely been substantiated. Also 
unclear is the prevalence of contraception use among women 
with rarer rheumatic diseases.

This study used administrative data to show the prevalence 
and predictors of contraception use among reproductive- age 
women with a variety of rheumatic diseases. We hypothesized 
that teratogenic medication use and engagement with medical 
providers (e.g., primary care providers [PCPs], gynecologists, and 
rheumatologists) would be associated with greater use of pre-
scription contraception overall and with highly effective as com-
pared to less effective prescription contraceptive methods.

PATIENTS AND METHODS

Study population and data sources. This retrospec-
tive cohort study used administrative data from a large, multi-site 
health care system in Pittsburgh, Pennsylvania. Approximately 
28,000 unique patients visit this system’s rheumatology outpatient 
clinics annually, of which 75% are cared for in community prac-
tices. Women ages 18–50 years constitute 26% of all patients, 
and 93% of these women have either private or public insurance.

In the current study, electronic health record data were 
accessed for female patients ages 18–50 years who had received 
care on ≥2 occasions at any 1 of 12 outpatient rheumatology clin-
ics between the years 2013 and 2014. We required women to 
have had ≥2 rheumatology visits in order to capture women who 
received longitudinal care for their rheumatic diseases within this 
single health care system.

Study criteria also required a patient diagnosis of ≥1of 21 
rheumatic diseases identified by International Classification 
of Diseases, Ninth Revision (ICD- 9) codes, specifically, SLE, 
Sjögren’s syndrome, RA, APS/antiphospholipid antibodies, 
undifferentiated connective tissue disease, psoriatic arthri-
tis, spondyloarthritis, inflammatory bowel disease, systemic 

 sclerosis, dermatomyositis, juvenile idiopathic arthritis, mixed 
connective tissue disease, polymyositis, Behçet‘s disease, 
sarcoidosis, granulomatosis with polyangiitis, eosinophilic 
granulomatosis with polyangiitis, microscopic polyangiitis, 
Takayasu arteritis, reactive arthritis, or ankylosing spondyli-
tis (see Supplementary Appendix 1, available on the Arthri-
tis Care & Research web site at http://onlinelibrary.wiley.com/
doi/10.1002/acr.23724/abstract). Women were excluded from 
this analysis if they had any evidence of a hysterectomy in the 
preceding 10 years, because this procedure is generally not 
indicated for contraceptive purposes (n = 97).

Study variables. Our key independent variables of inter-
est were medications by pregnancy risk category and visits with 
PCPs, gynecologists, and rheumatologists. We used the former 
US Food and Drug Administration (FDA) classification system of 
medication risk in pregnancy established in the 1970s to assess 
the teratogenic potential of drugs used by this cohort of women. 
In 2014, the FDA developed a new system to classify drug safety 
(13), but because the new classification scheme is descriptive, 
personalized, and still in the process of implementation, we 
elected to use the former FDA classification scheme. In addition, 
the former FDA classification scheme was used during our study 
timeframe.

All noncontraceptive medications prescribed to patients 
between 2013 and 2014, including but not limited to antirheu-
matic drugs, were identified and assigned to an FDA preg-
nancy risk category using a commercial indexing database 
(Thomson Micromedex 2017). When no pregnancy class was 
presented in the indexing database, we consulted another ref-
erence guide to confirm the classification (14). FDA class A 
and B medications are generally considered safe to use dur-
ing pregnancy, class C medications have not been adequately 
studied to assign a pregnancy classification, and class D and 
X drugs are potentially teratogenic and are relatively or abso-
lutely contraindicated for use during pregnancy. A single med-
ication may be assigned to more than 1 FDA class based on 
the trimester of pregnancy (e.g., nonsteroidal antiinflammatory 
drugs), and our classification was based on the highest fetal 
risk attributed to the drug. For women who were prescribed 
multiple drugs with different FDA pregnancy risk classifica-
tions, we also assigned those women to an FDA risk category 
based on their drug with the greatest potential teratogenic-
ity. We did not classify drugs without an FDA risk category 
for use during pregnancy. Our analysis categorized drugs as 
either A,B,C (low risk) or D,X (high risk) (see Supplementary 
Appendix 2, available on the Arthritis Care & Research web 
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23724/
abstract), although by definition, class C medications could be 
associated with fetal risk that is yet undescribed.

Outpatient visits with PCPs, gynecologists, and rheumatol-
ogists were identified in patients’ records. Study criteria required 

SIGNIFICANCE & INNOVATIONS
• This is the largest study to describe contraception 

use among reproductive-age women with rheu-
matic diseases.

• Low contraception use was found among 
 reproductive-age women with rheumatic diseases, 
even when using potentially fetotoxic medications.

• Gynecologist and primary care provider visits were 
associated with overall prescription contraception, 
but nearly half of patients did not see a gynecol-
ogist or primary care provider during the study 
 timeframe.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23724/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23724/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23724/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23724/abstract


BIRRU TALABI ET AL 1134       |

patients to have had ≥2 outpatient rheumatology visits, but 
patients could have any number of outpatient visits with other 
providers over the 2- year study period. To identify women who 
had more than minimal engagement with rheumatologists over 
the study timeframe, we categorized women who had 2 rheuma-
tology visits separately from women who had >2 visits. We cat-
egorized the number of patients’ visits to PCPs or gynecologists 
over the study timeframe as no visits versus 1 or more visits.

This analysis had 2 main outcomes of interest. We first looked 
at prescription contraception use versus non- use. Among women 
with documented prescription contraception use, we next con-
sidered highly effective versus moderately effective contraception 
use.

We defined prescription contraception as female surgical 
sterilization (e.g., tubal ligation), IUD, subdermal implant, oral con-
traceptive pill (including the progestin- only pill), patch, vaginal ring, 
or injectable contraception. Prescription contraception medica-
tions or devices prescribed in the years 2013 and 2014 were iden-
tified in patients’ medication lists. Current Procedural Terminology 
codes and ICD- 9 codes were used to identify IUD or subdermal 
implant insertion or removal procedures, or surgical sterilization 
procedures that occurred within the prior 10 years.

Contraceptive methods were also classified by relative 
efficacy based generally on World Health Organization catego-
ries (15): IUDs, implants, and surgical sterilization were highly 
effective methods; hormonal methods were moderately effective 
methods (i.e., oral contraceptive pills, patches, vaginal rings, and 
injections); and methods that are rarely prescribed and generally 
are less effective than prescription methods were least effec-
tive methods (i.e., condoms, sponges, diaphragms, emergency 
contraception, and spermicide) (see Supplementary Appendix 
3, available on the Arthritis Care & Research web site at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23724/abstract). Least 
effective methods were rarely documented in this cohort, so the 
few women who had any documentation of these methods were 
combined with women who had no documentation of a contra-
ceptive method into a single category labeled “no documented 
prescription method.”

When women had >1 contraceptive method listed in 
their chart, we categorized the women by their most effec-
tive method, because such a method would have the greatest 
influence on their risk of unintended pregnancy. We identified 
contraceptive counseling in the medical records through billing 
codes.

Statistical analysis. We described patient demo-
graphic variables, provider visits, the 4 most common rheu-
matic diagnoses, medications classified by FDA risk category 
for use during pregnancy, outpatient visits with providers, 
and prescription contraception methods in Table 1. We also 
showed study variables based on the presence or absence 
of documented prescription contraception (Table 2). We used 

chi- square tests to assess comparisons between groups for 

each of the categorical variables.
We conducted logistic regression analyses to evaluate the 

associations between the key independent variables (D,X versus 
A,B,C medication risk category and provider engagement) with 
our outcomes, use of prescription contraception versus non- 
use in the entire sample, and highly effective versus moderately 
effective contraception among prescription contraception users. 
We used bivariable models to evaluate associations between 
the key predictor variables and both outcomes. We also created 
adjusted models for each contraceptive outcome that included 

Table 1. Sample characteristics (n = 2,455)*

Characteristic Value

Age, years
18–34 696 (28.4)
35–50 1,759 (71.6)

Race
White 2,007 (81.8)
African American 276 (11.2)
Asian 144 (5.9)
Other 28 (1.1)

Marital status
Single 908 (37.0)
Married 1,291 (52.6)
Other 256 (10.4)

Rheumatic diseases
Systemic lupus erythematosus 510 (20.8)
Sjögren’s syndrome 487 (19.8)
Rheumatoid arthritis 615 (25.1)
Antiphospholipid antibodies/syndrome 103 (4.2)

FDA medication pregnancy risk 
category

Class A,B,C 687 (28.0)
Class D,X 1,761 (71.7)

Outpatient clinic visits
Rheumatology visits, median (range) 3 (2–30)
PCP visits ≥1 980 (39.9)
Gynecologist visits ≥1 790 (32.2)

Prescription contraception methods
Any prescription method 787 (32.1)
Highly effective method 194 (7.9)
Moderately effective method 593 (24.2)
LARC 139 (5.7)
No method/least effective method 1,668 (67.9)

* Values are the number (%), unless indicated otherwise. Prescrip-
tion contraception methods are defined in Supplementary Appen-
dix 3, available on the Arthritis Care & Research web site at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23724/abstract. A,B,C = 
US Food and Drug Administration (FDA) category of low risk or un-
known risk; D,X = FDA category of high risk; PCP = primary care 
provider; LARC = long- acting reversible contraception. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23724/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23724/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23724/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23724/abstract
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the key independent variables in addition to age, race, and mari-
tal status, because these variables may affect a woman’s choice 
to use contraception or a particular contraceptive method (16).

Furthermore, although surgical sterilization is only per-
formed by gynecologists, subdermal implants can be inserted 
by any provider who receives the appropriate training (17), and 
IUDs are routinely inserted by PCPs as well as gynecologists. 
For this reason, we were particularly interested in use of long- 
acting reversible contraception (LARC) methods in this pop-
ulation (i.e., implants and IUDs). In a sensitivity analysis, we 
repeated the logistic regression analysis that evaluated associ-
ations between the prescription of highly effective versus mod-
erately effective contraception, but focused on LARC methods 
by excluding surgical sterilization from the highly effective con-
traception group.

Finally, while our analysis generally uses the FDA pregnancy 
risk categories, azathioprine, which was categorized as an FDA 
class D medication, is widely considered to be compatible with 
pregnancy. Azathioprine is routinely prescribed to pregnant women 
with rheumatic diseases such as SLE, the vasculitides, and the 
inflammatory myopathies, and use of azathioprine has been advo-
cated in various consensus guidelines (18,19). We therefore con-
ducted 2 sensitivity analyses in which we recategorized azathio-
prine as a class A/B/C (i.e., low- risk) drug, and also omitted it from 
the analyses altogether; we then repeated the logistic regression 
analyses described above. P values (2- sided) less than 0.05 were 

considered significant. Statistical analyses were conducted using 
SPSS software. This study was designated as exempt by the Uni-
versity of Pittsburgh Institutional Review Board.

RESULTS

Sample characteristics. Sociodemographic and clinical 
characteristics for the sample of 2,455 women are shown in 
Table 1. Most women were white, with a mean ± SD age of 39.4 
± 7.7 years. Overall, 71.7% of women in this cohort used ≥1 
medication with teratogenic potential during the study timeframe. 
Women had a median of 3 rheumatology visits (range 2–30) dur-
ing the 2 years of the study. We found that 60.1% of women had 
no documented primary care visits, 67.8% had no gynecologist 
visits, and 45% of patients had neither primary care nor gyne-
cologist visits documented over the study timeframe. Among 
the most common rheumatic diagnoses were RA (25.1%), SLE 
(20.8%), Sjögren’s syndrome (19.8%), and undifferentiated con-
nective tissue disease (13.2%), and 4.2% of the women had 
antiphospholipid antibodies or APS (see Supplementary Appen-
dix 4, available on the Arthritis Care & Research web site at 
http://onlinelibrary.wiley.com/doi/10.1002/acr.23724/abstract). 
Methotrexate (26.1%), tumor necrosis factor inhibitors (23.3%), 
and hydroxychloroquine (49.3%) were among the most common 
traditional and biologic  disease- modifying antirheumatic drugs 
prescribed in the  sample; azathioprine was prescribed to fewer 

Table 2. Patient characteristics by presence or absence of documented prescription contraception (n = 
2,455)*

Prescription 
(n = 787 [32%])

No prescription 
(n = 1,668 [68%]) P

Age, years
18–34 347 (44.1) 349 (20.9) <0.001
35–50 440 (55.9) 1,319 (79.1) –

Race
White 659 (83.7) 1,348 (80.8) 0.002
African American 95 (12.1) 181 (10.9) –
Asian 4 (0.5) 24 (1.4) –
Other 29 (3.7) 115 (6.9) –

Marital status
Single 370 (47.0) 921 (55.2) <0.001
Married 361 (45.9) 547 (32.8) –
Other 56 (7.1) 200 (12.0) –

Rheumatic diseases
SLE 155 (19.7) 355 (21.3) 0.37
Sjögren’s syndrome 158 (20.1) 329 (19.7) 0.84
Rheumatoid arthritis 179 (22.7) 436 (26.1) 0.07
Antiphospholipid antibodies/syndrome 35 (4.4) 68 (4.1) 0.67

* Values are the number (%) unless indicated otherwise. Differences between groups were assessed us-
ing chi- square tests for categorical variables. Rheumatic diseases were assessed separately, as presence 
versus absence of each disease. SLE = systemic lupus erythematosus. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23724/abstract


BIRRU TALABI ET AL 1136       |

women (6.76%). Prednisone and/or methylprednisolone were 
prescribed to 58.0% of the sample (see Supplementary Appen-
dix 5, available on the Arthritis Care & Research web site at 
http://onlinelibrary.wiley.com/doi/10.1002/acr.23724/abstract).

Contraceptive use. In our cohort, 32.1% of women 
used prescription contraception. Young and single women 
were more likely to use prescription contraception than were 
older women or women who were either married or not single 
(Table 2). Most women used moderately effective contracep-

tive methods (Table  1), and oral contraceptive pills were the 
most commonly prescribed method (Figure 1). Billing codes for 
contraception counseling were used for 4.5% of women in the 
sample.

Potential unmet need for prescription contraception. 
The prescription of FDA Class D,X medications was also not 
associated with use versus non- use of prescription contraception. 
However, women who saw gynecologists (adjusted odds ratio 
[OR] 3.35 [95% confidence interval (95% CI) 2.77–4.05]) and 

Figure 1. Distribution of prescription contraceptive methods used in the cohort, by percentage (n = 2,455). OCP = oral contraceptive pill; Ring =  
vaginal ring; Patch = transdermal patch; POP = progestin- only pill; Shot = depomedroxyprogesterone acetate; Implant = subdermal implant; 
IUD = intrauterine device; Sterilization = tubal ligation or Essure procedure.
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Table 3. Predictors of any documented prescription contraception versus no documented contraception 
(n = 2,455)*

Unadjusted Adjusted

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

FDA medication pregnancy risk 
category

Class D,X 1.04 (0.86–1.26) 0.68 1.04 (0.84–1.29) 0.69
Class A,B,C Ref. – Ref. –

Outpatient clinic visits
Rheumatology visits > 2 1.22 (1.01–1.47) 0.036 1.22 (1.0–1.50) 0.06

Visits = 2 Ref. – Ref. –
PCP visit ≥1 1.75 (1.48–2.08) <0.0001 1.43 (1.18–1.73) <0.0001

Visits <1 Ref. – Ref. –
Gynecologist visit ≥1 3.53 (2.95–4.23) <0.0001 3.35 (2.77–4.05) <0.0001

Visits <1 Ref. – Ref. –

* Reference category for all models is no documented contraception. Adjusted models include all covari-
ates in addition to age, race, and marital status. OR = odds ratio; 95% CI = 95% confidence interval; FDA = US 
Food and Drug Administration; D,X = FDA category of high risk; A,B,C = FDA category of low risk or unknown 
risk; Ref. = reference; PCP = primary care provider. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23724/abstract
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PCPs (adjusted OR 1.43 [95% CI 1.18–1.73]) were more likely to 
use prescription contraception than were women who did not see 
these providers in unadjusted and fully adjusted models (Table 3). 
In contrast, women who had >2 rheumatology visits were no more 
likely to use prescription contraception than were women who 
had fewer visits in fully adjusted models.

Among prescription contraception users (n = 787), poten-
tially fetotoxic medication use and care by gynecologists or PCPs 
were each associated with use of highly effective versus mod-
erately effective methods in adjusted models (Table 4). Women 
who used potentially teratogenic medications were more likely to 
use highly effective methods as compared to moderately effec-
tive methods (adjusted OR 2.26 [95% CI 1.44–3.54]). Women 
with ≥1 gynecologist visit were also significantly more likely to 
use highly effective contraceptive methods (adjusted OR 1.51 
[95% CI 1.07–2.14]). After adjustment for covariates, women 
with at least 1 PCP visit were no more likely to use highly effec-
tive contraceptive methods than were women who did not see a 
PCP. Having >2 documented rheumatology visits was not asso-
ciated with the prescription of highly effective methods. In a sen-
sitivity analysis excluding women with surgical sterilization (n = 
55), we found that the associations between our key predictors 
of interest and contraceptive efficacy did not change. Specifi-
cally, we found that potentially fetotoxic medications and gyne-
cologic care were associated with use of LARC methods, and 
rheumatology visits were not associated with LARC prescription 
in any models.

In a sensitivity analysis in which we recategorized azathio-
prine as a category A,B,C medication (i.e., lower- risk), 33 women 
were reclassified from the D,X to the A,B,C category. This change 
in classification did not change our results: prescription of class 
D,X medications remained unassociated with prescription of any 

contraception (adjusted OR 1.08 [95% CI 0.87–1.33]), and class 
D,X medications remained significantly associated with highly 
effective contraception prescription (adjusted OR 2.33 [95% CI 
1.49–3.62]). In the sensitivity analysis in which we omitted azathi-
oprine entirely, results were similar: class D/X medications were 
not associated with prescription of any contraception (adjusted 
OR 1.08 [95% CI 0.88–1.33]), but remained associated with pre-
scription of highly effective contraception (adjusted OR 2.32 [95% 
CI 1.49–3.61]).

DISCUSSION

This analysis used administrative data from a large multisite 
health care system to describe contraception use among 
reproductive- age women with diverse rheumatic diseases. We 
found that 32.1% of these women used prescription contraception. 
Use of potentially teratogenic medication was not associated with 
greater use of prescription contraception; notably, more than two- 
thirds of women in this sample used ≥1 medication with teratogenic 
potential. Teratogenic medication use was associated with the pre-
scription of highly effective methods, including LARC methods, 
among those women who used prescription contraception. While 
gynecologist and PCP visits were associated with prescription con-
traception use, and gynecologist visits were associated with use of 
highly effective methods, most women had no documentation of a 
PCP or gynecologist visit over the 2- year study interval.

An estimated 43.1% of reproductive- age women in the gen-
eral US population used ≥1 prescription contraception method 
during our study timeframe of 2013–2014 (1). Given disease- 
specific considerations, patients’ exceptionally common use of 
fetotoxic medications, and patients’ regular engagement with 
rheumatologists and perhaps with other health providers, we had 

Table  4. Predictors of highly effective contraception versus moderately effective contraception  
(n = 787)*

Unadjusted Adjusted

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

FDA medication risk category
Class D,X 2.40 (1.57–3.65) <0.0001 2.26 (1.44–3.54) <0.0001
Class A,B,C Ref. – Ref. –

Outpatient clinic visits
Rheumatology visits >2 1.02 (0.71–1.45) 0.94 0.80 (0.54–1.17) 0.25

Visits = 2 Ref. – Ref. –
PCP visits ≥1 1.54 (1.11–2.13) 0.01 1.31 (0.92–1.86) 0.13

Visits <1 Ref. – Ref. –
Gynecologist visits ≥1 1.56 (1.13–2.17) 0.0008 1.51 (1.07–2.14) 0.02

Visits <1 Ref. – Ref. –

* Reference category for all models is moderately effective contraception. Adjusted models include 
all covariates in addition to age, race, and marital status. OR = odds ratio; 95% CI = 95% confidence 
interval; FDA = US Food and Drug Administration; D,X = FDA category of high risk; A,B,C = FDA category 
of low risk or unknown risk; Ref. = reference; PCP = primary care provider. 
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expected that the contraceptive use rate among our cohort would 
have exceeded that of the general population. How many of these 
women received contraception counseling is unclear; while some 
health care providers may have held family planning conversations 
for which they did not submit a billing code, only 4.5% of women 
in our cohort had billing codes for family planning conversations 
(20). Therefore, our overall findings reveal a potentially urgent and 
unmet need for contraception and family planning counseling 
among some reproductive- age women with rheumatic diseases.

Few studies have examined contraceptive use among 
women with rheumatic diseases, but our findings are generally 
consistent with prior results. One study of insurance plan data 
showed that only 20% of female enrollees with RA or  with SLE (n 
= 93) had filled prescriptions for any contraceptive method during 
the 3- year study timeframe (21). A survey of young women with 
SLE showed that only 24% used prescription contraceptive meth-
ods, and of note, 23% had unprotected sex most of the time (11). 
Another survey of women with SLE demonstrated that only 33% 
of patients used hormonal contraceptive methods or IUDs (10); 
consistent with our own findings, fetotoxic medication use did not 
predict the use of contraception.

Gynecologists and PCPs appear to have an important role 
in the prescription of contraception overall, and of highly effec-
tive methods in particular. However, we found that the majority 
of women in this cohort had no documentation of PCP or gyne-
cologist visits during the study timeframe. This finding will require 
further investigation, because we may not have captured out- of- 
network PCPs and gynecologists. However, regional patterns in 
insurance coverage in addition to limited health care competition 
in western Pennsylvania lead many patients to receive health 
care from in- network providers. Therefore, while our results might 
underestimate to some degree the level of care that our cohort 
received from PCPs and gynecologists, many of these women 
probably did not receive regular care from these providers. A 
recent study has shown that some rheumatic disease patients 
perceive their rheumatologists to be their main doctors, and such 
patients are less inclined to seek routine care from other providers 
(22). Furthermore, because pelvic exam and cervical and breast 
exam screening recommendations have changed over the last 
few years, fewer annual women’s health visits with PCPs or gyne-
cologists are required for many young women (23–25).

Rheumatologists may be able to fill important and unique 
gaps in family planning counseling and care for women with rheu-
matic diseases. For example, some rheumatologists may be able 
to advise other providers about contraceptive safety for women 
with rheumatic diseases. We noted that among the 35 women 
with antiphospholipid antibodies or APS who used prescription 
contraception in our cohort, the majority (n = 23 [65.7%]) used 
estrogen- containing methods; estrogen- containing contraception 
is considered to pose an unacceptable thrombotic risk for these 
patients according to the Centers for Disease Control and Pre-
vention Medical Eligibility Criteria and other consensus guidelines 

(26,27). In addition, while most women with RA have no disease- 
related contraindications to hormonal contraception, only 29% of 
women with RA in this sample used prescription contraception. 
Many patients with RA are exposed to methotrexate, a fetotoxic 
antirheumatic drug that is widely recommended as a first- line treat-
ment; therefore, some women in our sample may have been at 
risk of unintended pregnancy while taking a fetotoxic medication 
(28,29). Rheumatologists may be more aware of these and other 
disease- specific considerations than are other providers. Through 
referrals to gynecologists and PCPs, rheumatologists may also help 
patients gain access to quality family planning care; this referral may 
be particularly important, because our findings suggest infrequent 
utilization of gynecologist and PCP care. Educational resources and 
tools are available to provide support and guidance to all providers 
who wish to supply more comprehensive family planning care to 
their patients, and who want more guidance about safe medication 
prescribing among women with rheumatic diseases (30–38).

Our study has several strengths. First, to the best of our 
knowledge, it is the largest study to date that shows contraceptive 
use among women with rheumatic diseases and includes women 
with rare, understudied diseases. Additionally, we used adminis-
trative data, which may have circumvented some biases that are 
associated with survey- based methods (e.g., selection, recall, 
and response biases). Our findings may also reflect general prac-
tice patterns, because three- fourths of women received care in 
community- based rheumatology practices. The great majority of 
patients were insured (>90%), so many patients likely had access 
to longitudinal rheumatologic care, medications, and contracep-
tion; in fact, we would expect that many insured patients had at 
least some access to low-  or no- cost contraception, given that 
the Affordable Care Act of 2010 required insurance plans to cover 
the costs of birth control.

Our study does have limitations. First, although our results 
were comparable to those reported in other studies and our 
sample primarily received care in community- based clinics, gen-
eralizability may be somewhat limited because all rheumatologic 
care occurred within a single medical center in North America. 
Results may vary in poorer states that offer less access to con-
traception care, or in countries that have a higher prevalence of 
contraception use due to policies that facilitate access to low-  or 
no- cost contraception (39). Our sample was predominately white 
and older; young and minority women may be less likely to use 
prescription contraception (40), so contraception use could be 
even lower in a more diverse population. Our methodology also 
did not capture other factors that may influence contraception use 
or choice of method, such as a woman’s personal preferences, 
pregnancy intentions, current heterosexual activity, fertility, health 
insurance status, current family size, or socioeconomic status.

In addition, incomplete documentation could not be ascer-
tained via our methodology. For example, a sterilization proce-
dure performed in an outside hospital or prescription contracep-
tion provided by a third party (e.g., Planned Parenthood) may 
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have been missed. We also could not accurately capture non-
prescription contraceptive methods (e.g., behavioral methods), 
nor could we confirm patient compliance with any prescribed 
contraceptive method. These factors could overestimate or 
underestimate the risk of unintended pregnancy in this group. 
However, medication lists and procedures should be updated in 
the electronic health record with each outpatient visit, so docu-
mentation of contraception methods and potentially teratogenic 
drugs should ideally have been indicative of current use.

We also could not determine how long a patient used any 
specific medication, which would affect the degree of risk of fetal 
drug exposure; however, we consider any exposure to fetotoxic 
medications as high risk, regardless of the duration. In addition, 
while fetotoxic medication classification in this study followed 
the former FDA risk categories that were actively used during 
the timeframe of the study (2013–2014), these categories may 
overestimate fetal risk for the use of antirheumatic drugs such 
as azathioprine (category D) (41), leflunomide (category X) (42), 
and many nonrheumatic medications (43). Sensitivity analyses 
suggested that the use of azathioprine, which is considered rela-
tively safe to use during pregnancy, did not influence our findings 
(18,19,33). Despite these limitations, our findings are generally 
consistent with prior work involving smaller samples with less 
disease diversity and with primarily survey methodology, and our 
findings suggest that a minority of women with rheumatic dis-
eases receive prescription contraception.

In summary, our analysis found a low prevalence of prescrip-
tion contraception use among reproductive- age women with 
rheumatic diseases, even among those women who used poten-
tially teratogenic medications. Gynecologists and PCPs appear 
to be particularly important resources for delivering contraceptive 
care. Rheumatologists may help to fill important remaining gaps 
in care by referring patients to gynecologists or PCPs, educating 
patients about the associations between disease activity, preg-
nancy, and fetal risks of certain rheumatic drugs, and helping to 
either prescribe contraception or partnering with other providers 
to ensure the safe prescription of contraception when appropri-
ate. While our work highlights potential gaps in contraceptive 
access and women’s health care, findings should be substan-
tiated through chart review, pharmacy registries, and/or other 
confirmatory methodologies. Future work should also identify per-
sonal and systemic barriers that limit the receipt of contraception 
and family planning care by women with rheumatic diseases. By 
identifying and implementing interventions that enhance consis-
tent, comprehensive, and high- quality reproductive health care, 
we may enhance the health and well- being of young women with 
rheumatic diseases and their families.
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Advocacy 101: Engaging Rheumatology Fellows in Health 
Policy and Advocacy
Sarah Doaty,1 Nicole Bitencourt,2 William Harvey,3 Sharon Kolasinski,4 and E. Blair Solow2

Objective. Rheumatology fellowship programs lack formal curricular content to educate trainees about legislative 
and regulatory health care policies that have a profound impact on academic and community practices. Advocacy 
101 was created as a program to address this gap and engage fellows- in- training (FIT) in health advocacy efforts.

Methods. A web- based survey was sent via the American College of Rheumatology (ACR) FIT listserve in July 
2015 and April 2016. The survey queried respondents about their knowledge of and participation in health policy and 
advocacy. Survey results guided the design of an educational program called Advocacy 101 for FIT and program 
directors in conjunction with the ACR Advocates for Arthritis fly- in meeting.

Results. The survey response rate increased from 19% in 2015 (95 of 500 FIT) to 39% in 2016 (231 of 595 FIT). 
In 2015, the top reason for nonparticipation in health policy and advocacy efforts (64% of respondents) was lack 
of knowledge on how to get involved. This reason decreased to 39% of respondents in 2016. Other barriers to  
participation included lack of time and familiarity with the issues. Over the 2 years, FIT identified patient access to 
medication and insurance, and physician reimbursement as important advocacy issues. All participants of Advocacy 
101 reported an increase in knowledge of health policy and the intent to stay involved.

Conclusion. FIT regard health policy issues as important, but many are uncertain of how to participate in ad-
vocacy. Advocacy 101 is the first program designed to educate and engage rheumatology FIT in health policy and 
advocacy endeavors.

INTRODUCTION

Engagement in advocacy is an important component in 
sustaining physician recruitment, education, research, and a 
robust clinical practice in rheumatology (1). The majority of the 
 literature focuses on the importance of physician engagement and 
strategies for discussing the issues with lawmakers rather than 
on mechanisms to promote trainee involvement (2–4). Given the 
lack of publications on rheumatology curriculum and advocacy, 
online review of various rheumatology program curricula found 
that many do not have a formal method of educating trainees 
about the legislative and regulatory health care policies that have 
a profound impact on the future of academic and community 
practices. During physician training, the Accreditation Council for 
Graduate Medical Education (ACGME) requires proficiency in 6 

core competencies. Of those, “systems- based practice” is often 
a difficult area to address through standard training programs. 
This competency includes physician advocacy, the economics 
and delivery of health care, and patient quality and safety 
initiatives (5). Innovative mechanisms are needed to engage and 
educate trainees and rheumatologists early in their careers in 
advocacy efforts.

The available research on the attitudes and knowledge of 
trainees regarding health policy and advocacy is limited, and to 
date there are no data on rheumatology trainees (6). To address this 
gap, we developed a web- based survey and queried rheumatology 
fellows- in- training (FIT) to determine knowledge, specific interests, 
and goals related to health policy and advocacy over 2 consecutive 
years. These data informed opportunities to teach trainees about 
advocacy efforts and monitor for dissemination of knowledge.
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MATERIALS AND METHODS

A needs assessment was conducted via a web- based sur-
vey directed at fellows through the American College of Rheuma-
tology (ACR) FIT listserve. Joining the listserve is automatic upon 
becoming an ACR FIT member and is voluntary, thus member-
ship varies at any given time. Survey development and review 
for content validity included input from the ACR Government 
Affairs Committee, which includes physician and non- physician 
members representing various practice settings in rural and aca-
demic locations across the country. This 16- item survey queried 
respondents on demographics, exposure to health policy during 
medical training, knowledge of or contact with local legislators, 
personal participation in health policy and advocacy, perceived 
barriers to participation, preferred venue for learning, and a rank-
ing by importance of health policy issues. The survey responses 

were voluntary and de- identified. The initial survey was sent in 
July 2015 and again in April 2016 to those on the FIT listserve. To 
compare proportional differences between 2015 and 2016 sur-
vey results, we used chi- square analysis with a 2- sided P value. 
A P value less than 0.05 was considered statistically significant 
(GraphPad Prism software version 7.02).

The survey results contributed to the design of an edu-
cational session, called Advocacy 101, aimed at FIT and fel-
lowship program directors. This one- day, in- depth training and 
educational program in advocacy and health policy occurred in 
conjunction with the ACR Advocates for Arthritis fly- in meeting, 
a longstanding ACR initiative that brings together rheumatolo-
gists, allied health professionals, and patients from across the 
country each year to Washington, DC. Participants of the Advo-
cates for Arthritis conference meet for educational sessions on 
federal level regulatory and legislative issues, as well as advo-
cacy training. A second day is spent visiting members of the US 
House of Representatives and Senate and their staff members 
to discuss access to care, research funding, and other policy 
priorities for the ACR. The Advocacy 101 curriculum supple-
ments the educational training sessions with additional back-
ground information on the state and federal legislative process 
and regulatory policies, as well as providing tools for effective 
advocacy that are tailored specifically to FIT and their program 
directors (Table  1). Participants then have the opportunity to 
immediately apply what they learned at the annual Advocates 
for Arthritis program and to take their knowledge about advo-
cacy back to their respective fellowship programs to generate 
participation in advocacy efforts and volunteerism within the 
ACR.

The Advocacy 101 program was introduced to 13 fellows 
and 2 program directors in Washington, DC in October 2015. 

SIGNIFICANCE & INNOVATIONS
• Rheumatology fellows-in-training (FIT) are often un-

aware of health policy and advocacy efforts during 
their training and face barriers to participation, no-
tably lacking knowledge on how to participate and 
being unfamiliar with the issues.

• Rheumatology FIT find issues pertaining to the pa-
tient experience (access to health care and medica-
tions) to be of particular importance as it relates to 
advocacy.

• Advocacy 101 is an innovative program designed to 
engage rheumatology fellows and program direc-
tors in health policy and advocacy by broadening 
their knowledge and providing opportunities for 
participation and leadership.

Table 1. Advocacy 101 Curriculum*

Topic Explanation and examples

Introduction to Advocacy Role of advocacy, structure of federal and state government, ACR advocacy 
efforts, ACR Key Contacts Program

Regulatory Advocacy CMS structure and funding
Insurance Advocacy ACR advocacy efforts in mandatory switching of biologics, ultrasound  

diagnostic imaging certification, infusion site of service
Physician Payment Advocacy Current policy issues include MACRA, Medicare Part B demonstration, CPT 

codes, and Relative Value Scale Update Committee
From Washington, DC How to build relationships in Congress
Lobbying Congress Tips from an ACR lobbyist and a former legislative assistant
Advocacy in Action SimpleTasks campaign, Advocacy Tools (using social media), VoterVoice application
ACR Leadership Importance of advocacy for our specialty and our patients
State Advocacy Advocacy efforts on substitution of interchangeable biologics, prior authoriza-

tion reform, step therapy, and specialty tiers
RheumPAC ACR’s nonpartisan political action committee that works on behalf of rheuma-

tologists and patients

*ACR = American College of Rheumatology; CMS = Centers for Medicare & Medicaid Services; MACRA = Medicare Access 
and Children’s Health Insurance Program Reauthorization Act; CPT = current procedural terminology; RheumPAC = ACR 
political action committee.
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Feedback from the participants of the program was solicited 
following its completion in order to guide the subsequent Advocacy 
101 program in September 2016. Feedback from the participants 
of the 2016 program was again solicited following its completion.

RESULTS

Of the FIT queried for the needs assessment, 19% (95 of 
500) responded in 2015 and 39% (231 of 595) responded in 
2016, representing 37 states, the District of Columbia, and 
Puerto Rico. Fellows training in adult practice comprised 85% of 
respondents (81 of 95) in 2015 and 81% of respondents (188 
of 231) in 2016. Pediatric FIT comprised 15% of respondents 
(14 of 95) in 2015 and 19% of respondents (38 of 231) in 2016. 
During both years, nearly 50% of respondents expressed a career 
interest in academics, one- third in private practice, and one- fifth 
were undecided or had alternative plans.

The primary self- reported barriers to participation in policy/
advocacy efforts included “lack of knowledge on how to par-
ticipate,” “too busy,” and “not aware of the issues.” The lack of  

knowledge on how to participate in advocacy decreased from 
64% (61 of 95) of respondents in 2015 to 39% (89 of 231) of 
respondents in 2016 (P < 0.0001). Current participation in advo-
cacy efforts increased from 3% (3 of 95 respondents) in 2015 to 
6% (15 of 231 respondents) in 2016 (P = ns) (Figure  1A). Top 
policy/advocacy concerns identified by FIT were “patient access 
to medication,” “patient access to health insurance,” and “phy-
sician payment.” A lower but still significant percentage felt that 
“loan repayment,” “research funding,” and “addressing the rheu-
matology physician shortage” were also priorities to be addressed 
(Figure 1B).

Regarding trainees’ participation in advocacy, approxi-
mately one- third (35% [33 of 95]) in 2015 and 39% (90 of 231) 
in 2016 were aware of the advocacy- related efforts of the ACR. 
Less than one- fifth of FIT had ever contacted an elected official 
about health- related policy concerns or participated in advocacy- 
related efforts. The percentage of trainees who had ever invested 
in RheumPAC, the ACR’s nonpartisan political action committee 
that works to elect and support pro- rheumatology candidates, 
was low, but increased from 7% (7 of 95 respondents) in 2015 

Figure  1. Responses from the national survey of rheumatology fellows regarding knowledge and attitudes about advocacy. *P < 0.05;  
# = not asked. A, Reasons for non-participation. B, Importance of policy issues. C, Knowledge of and participation in advocacy. D, Preferred 
method of learning.
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to 10% (22 of 231 respondents) in 2016 (P = not significant) 
 (Figure 1C).

In 2015, most fellows indicated a preference for learning 
about advocacy- related issues through an in- person format, with 
a dedicated session during the ACR’s annual scientific meeting. 
Online courses and periodic e-mail updates were also favored 
methods for learning about policy- related issues (Figure 1D).

Results of the survey informed the components of the Advo-
cacy 101 program, which was designed to engage (through 
hands- on experience) FIT and program directors interested in 
policy and advocacy. The Advocacy 101 curriculum included 
advocacy- related topics that are critical to rheumatologists’ daily 
practice of medicine and their ability to care for patients with-
out unduly burdensome administrative requirements (Table 1). 
Issues important to FIT, such as patients’ ability to access rheu-
matologic care and appropriate therapies, were included.

In the Advocacy 101 follow- up surveys from 2015 (com-
pleted by 10 of 15 participants) and 2016 (completed by 13 of 
15 participants), 92% and 100%, respectively, described the 
program as informative and more than 90% described it as 
engaging. All attendees felt their knowledge of health policy and 
advocacy increased due to their participation in Advocacy 101. 
In 2015, 90% of participants reported that they were more likely 
to get involved with the ACR and join volunteer committees in 
the future. In 2016, more than 90% of participants reported this 
likelihood of involvement. Additionally, FIT reported a desire to 
participate in policy- related events including those at the ACR 
annual meeting and to communicate with their local, state, and 
federal representatives regarding issues that are important to 
rheumatologists and their patients (Figure 2). Many participants 
expressed feeling grateful for the opportunity to learn about 
advocacy and more empowered to continue to advocate for 
their patients and profession. Most attendees shared the infor-
mation that they learned at Advocacy 101 through a formal pres-
entation to their peers and colleagues upon their return to their 
home institutions.

DISCUSSION

We found rheumatology FIT across the country are con-
cerned about advocacy- related issues, including the ability of 
their patients to access health care and medications and, to a 
lesser extent, physician reimbursement and loan repayment. FIT 
face barriers to participating in advocacy efforts, including time 
constraints in their busy fellowship programs, lack of knowledge 
of the current issues affecting their patients, and, most impor-
tantly, lack of knowledge on how to participate. Our study found 
relatively few respondents who felt that advocacy was partisan 
or that their participation would not make a difference.

Other cognitive specialties recognize the importance of advo-
cating on behalf of our patients and our profession (3,6). Con-
sistent with our findings, a study by Horner et al demonstrated 

that dermatology residents valued advocacy and were interested 
in mechanisms to learn about health policy during their training (6). 
Similarly, they found time constraints and lack of opportunities for 
participation were barriers to involvement in advocacy, however, 
no specific program was proposed.

With the development of the Advocacy 101 program came 
additional outreach to FIT and program directors describing the role 
of the ACR Government Affairs Committee and opportunities to 
learn and participate in advocacy. We found that respondents’ lack 
of knowledge on how to participate decreased from 64% in 2015 
to 39% in 2016. While we cannot directly ascribe this trend to the 
Advocacy 101 program, we were nonetheless encouraged. Further 
needs- assessment surveys will be required to guide more targeted 
outreach to FIT and ACR members on health policy and advocacy.

Limitations of this analysis include an incomplete response 
rate; although the response rate did increase from 2015 to 2016, 
capturing approximately 39% of those surveyed in 2016, which is 
similar to the rate in the Horner et al study (6). Further, there may 
be selection bias, in that those completing the survey may be more 
likely to engage in outreach or have a particular interest in advocacy.

To our knowledge, this is the first educational format focusing 
on fellow outreach for advocacy training. We found fellows are 
interested in advocacy and learning more about policies that will 
affect how they practice, but are often unaware of the issues and 
how to go about getting involved.

Long- term goals of this program include the development of 
an online teaching module on health policy and advocacy that can 
be used to educate trainees and the ACR membership. Not only 
could this module be tailored to fulfill ACGME core competency 
requirements in systems- based practice for FIT, it would also 
be a tool to engage practicing rheumatologists in the pressing 
advocacy- related needs of the specialty. The module would aim to 
impart knowledge of structure and processes of federal and state 
legislatures and the role of the ACR and, by extension, individual 
rheumatologists in shaping current health policy issues.

In summary, the Advocacy 101 program was successful in 
bringing interested fellows and program directors together for a day 
of learning about advocacy strategies and efforts on behalf of rheu-
matologists and their patients. This program is an investment in the 

Figure  2. Survey results by Advocacy 101 participants after 
completion of the program. # = not asked. ACR = American College 
of Rheumatology; RheumPAC = ACR political action committee.
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future of our specialty and the ACR, as well as an important step 
in empowering physicians to lead and engage in advocacy efforts.
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Success of the Advanced Clinician Practitioner in 
Arthritis Care Program: comment on the article by 
Smith et al

To the Editor:
We read with interest the recent article by Smith et al (1). We 

can all agree that rapid access to rheumatology care has become 
increasingly important, because early aggressive treatment with 
disease- modifying antirheumatic drugs and/or biologic agents 
can prevent irreversible joint damage and long- term disability in 
patients with inflammatory arthritis. We were surprised, however, 
that reference to the efforts and successes of an already exist-
ing curriculum- based and rigorously evaluated interprofessional, 
post- licensure education program, the Advanced Clinician Practi-
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A formal post- licensure training opportunity ensures acquisi-
tion of the advanced skills and knowledge necessary to  support the 
development of extended practice roles in appropriately chosen 
health care providers who are already invested in arthritis care. We 
can also agree that access to competent health care professionals 
is critical as we evolve into newer models of arthritis care delivery. 
As expansion of rheumatology practice evolves, it would seem 
advantageous to develop, operationalize, and  evaluate standard-
ized accredited training programs. These programs should be tar-
geted at all relevant health care professionals with established and 
expandable skill sets in the arthritis/musculoskeletal field.

Katie Lundon, BSc (PT), MSc, PhD 
Rachel Shupak, MD, PRCP(c)
University of Toronto
Toronto, Ontario, Canada
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Reply

To the Editor:
With tremendous gratitude, we thank Drs. Lundon and Shu-

pak for their interest in our recently published article. They have 
very thoughtfully reviewed the article and highlighted the need to 
continue to grow the rheumatology workforce to increase access 
to care for patients with rheumatic disease. Our congratulations 
for the success of the ACPAC program, and we applaud and 
 recognize Drs. Lundon and Shupak’s  ongoing efforts.

The authors of the nurse practitioner and physician assistant 
Rheumatology Core Curriculum (RCO) sought to develop a cur-
riculum that could be used in various practice settings, including 
academic and private practice. We anticipate that many rheu-
matology practices with existing training resources will use the 
RCO as a tool or roadmap for training nurse practitioners/physi-
cian assistants to become competent rheumatology practition-
ers, using both didactic and clinical experiences without having 
to  “re- create the wheel.” A fundamental goal of the RCO is that 
practices with limited resources (e.g., those in remote or under-
served areas) will utilize the RCO as a guide to help ensure that 
nurse practitioners/physician assistants who are new to rheu-
matology receive essential foundational training. Although the 
RCO is stan dardized and endorsed by the American College of 
Rheumatology and Association of Rheumatology Professionals, 
flexibility based on practice and individual needs in the local con-
text is encouraged. Additional aims of this comprehensive curric-
ulum are to ensure that nurse practitioners/physician assistants 
can appropriately assess patients with rheumatic disease as well 
as determine nonpharmacologic and pharmacologic treatment 
options.

Formal postgraduate training programs in rheumatology for 
nurse practitioners/physician assistants and other health care pro-
fessionals are desirable. Unfortunately, no such programs currently 
exist in the US. ACPAC is an excellent model, with the inclusion of 
virtual and “on- site” training. We note that eligibility to participate in 
the ACPAC program requires that applicants possess a “minimum 
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3 years broad experience following completion of an accredited, 
entry- to- practice program in a respective health profession plus 
2 years further experience in clinical specialist musculoskeletal/
arthritis areas” (University of Toronto Faculty of Medicine Continu-
ing Professional Development. Advanced clinician practitioner in 
arthritis care. URL: https://acpacprogram.ca/how-to-apply/). In 
comparison, the RCO can be used to train new graduates enter-
ing rheumatology practice as well as more experienced clinicians 
who are transitioning to rheumatology. Aside from completion of a 
health care professional’s formal education program, there are no 
specific prerequisites for RCO utilization.

The greatest differentiation between the RCO and ACPAC is 
that applicants to the latter program are required to have a physical 
therapy, occupational therapy, registered nurse, or equivalent desig-
nation. This is a distinguishing characteristic from the RCO, which is 
designed for nurse practitioners/physician assistants, with specific 
inclusion of their role of prescribing pharmacotherapy in caring for 
patients with rheumatic disease. Writing prescriptions is central to 
the responsibility of nurse practitioners/physician assistants in the 
expansion of access to care. A metric of success of ACPAC is the 
use of the extended role of APAC participants to improve access to 
care and reduce the wait time for a patient to see a rheumatology 
practitioner; this is accomplished by triage to a rheumatology care 
provider. The primary goal of the RCO is to similarly improve access 
to care, but the RCO training facilitates the efficient integration of 
nurse practitioners/physician assistants into the practice and thus 
an expansion of the number of providers. The RCO could also be 
useful for other health care professionals, or an extended role of 
practitioners, who provide care for patients with rheumatic disease. 
We welcome diversification of the applicability of the RCO.

The RCO authors recognize the numerous resources, includ-
ing financial, that are required to create, develop, and maintain for-
mal nurse practitioner/physician assistant postgraduate training 
programs. Physician Graduate Medical Education has provided 
opportunities from which to learn regarding the logistics of estab-
lishing and maintaining postgraduate training. Importantly, phy-
sician residencies and fellowships receive financial support from 
established federal sources; however, funding needed for nurse 
practitioner/physician assistant training involves local resources or 
the securing of other external funding, which is quite limited. The 
RCO is provided as a means to facilitate the on- the- job training 
experience for nurse practitioners/physician assistants and the 
rheumatology practices in which they work.

Because of the workforce needs and the recognized bene-
fits of adding nurse practitioners, physician assistants, and other 
health care professionals to facilitate the expansion of rheumatol-
ogy practice and improve access to care, we extend an invitation 
to interested parties, including funding agencies, to consider the 
opportunity to facilitate growth of the rheumatology workforce. 
The RCO and ACPAC share a common foundational goal, which 
is to improve access to quality care, and ultimately outcomes, for 
patients with rheumatic disease. We look forward to the future.

Benjamin J. Smith, PA-C, DFAAPA
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Tallahassee, FL
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Boston, MA
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Diffuse idiopathic skeletal hyperostosis and ankylosing 
spondylitis: comment on the article by Latourte et al

To the Editor:
We read with great interest the article by Latourte et  al 

regarding imaging findings suggestive of axial spondyloarthritis 
(SpA) in patients with diffuse idiopathic skeletal hyperostosis 
(DISH) (1). On spine magnetic resonance imaging, 76.9% of their 
cohort of patients with symptomatic DISH had at least 1 inflam-
matory lesion, as assessed by bone medullar edema (BME). As 
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soft tissue edema, BME may be caused by mechanical stress 
or by inflammation (2). Mechanical stress is implicated in the 
pathogenesis of DISH (3). We agree with Latourte et al that the 
radiography- based differential diagnosis between axial SpA and 
DISH can be challenging. Additionally, 34% of their cohort had 
bone spur ossification angles <45 º (mostly vertical) at the verte-
bral level. Probably due to limited feasible responses of the spine 

to diverse pathogenic mechanisms, phenotypes of axial SpA and 
DISH share BME, pain, stiffness, bone spurs, and bony bridges.

Latourte et  al cite a previous study in which DISH was 
observed in 8.3% of 938 patients with psoriatic arthritis (4). 
Those results are in accordance with a high prevalence of DISH 
beyond age 50 years, but they surprisingly contrast with only 17 
published cases of DISH and ankylosing spondylitis (AS) over-
lap in the English literature (5), whereas ankylosing spondylitis is 
the prototype of SpA. By distinguishing AS from DISH, Fores-
tier and Rotés- Querol (6) and Resnick et al (7), in their seminal 
studies of DISH, excluded patients with radiographic sacroiliitis, 
a key finding of developed AS. However, Resnick and Niway-
ama later wrote “during the radiographic examination of older 
individuals with long- standing AS, it is not unusual to document 
the presence of both AS and DISH” (8). In spite of studies in 
which AS was excluded, we believe that the influence of the 
seminal works by Forestier and Rotés- Querol (6) and Resnick 
et al (7) excluding both entities to each other, remain for current 
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sacroiliitis). Additional focal ankyloses in the left sacroiliac joint 
(grade 3 sacroiliitis) were observed. B, Radiograph of the thoracic 
spine when the patient was age 50 years (2006). C, Radiograph 
of the thoracic spine (T7–T12) (right) and the lumbar spine (L1–L2) 
(left) showing anterolateral bridging osteophytes with a horizontally 
predominant axis that is thicker at the intervertebral level. This 
radiograph was obtained when the patient was age 59 years (2015). 
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Reply

To the Editor:
We would like to thank Drs. Olmedo- Garzón and   

Ruiz- Ollero for their interest in our study in which we examined 
the presence of imaging features suggestive of axial SpA in 
patients with DISH. We read with great interest their comments 
on our results indicating a high prevalence of inflammatory 
lesions (especially BME) at the spine but not at the sacroiliac 
joints. Similar findings were recently observed in the  
Imagine in LOw back pain vs. Spondyloarthritis–DESIR study, 
comparing age- matched patients with recent- onset chronic 
back pain (n = 97) versus those with recent- onset axial SpA 
(n = 100) (1), bringing important insights into the relatively poor 
performance of spine magnetic resonance imaging (MRI) to 
discriminate between axial SpA and other chronic conditions.

Thus, we totally agree that the presence of “inflammatory” 
lesions on MRI does not mandatorily indicate an inflamma-
tory disease such as axial SpA, because it may be observed 
in many “degenerative” disorders such as osteoarthritis or 
intervertebral disc lesions (2). This comment also applies to 
sacroiliac joints, where BME lesions can be observed in situ-
ations of mechanical stress such as in young athletes (3) and 
postpartum women (4) but also in asymptomatic individuals 
(4). Overall, these data indicate that we must consider some 
level of “background noise” (associated or not with mechanical 
strains) when interpreting the results of sacroiliac joint MRI (3).

In addition, we also emphasized in our article that axial SpA 
and DISH are not mutually exclusive, and, in this regard, clini-
cians should consider a patient’s clinical history with the utmost 
attention. This is perfectly illustrated by Drs. Olmedo- Garzón and 
Ruiz- Ollero in their report of a 59- year- old man with probable 

long- standing axial SpA in whom DISH developed later in life. In 
that particular case, in which sequential radiographs provided 
critical information, imaging features of both DISH and axial SpA 
were eventually present. We concur that this overlap is prob-
ably underreported given the relatively high prevalence of both 
 diseases in Western countries (5,6).

There is a need for further studies to determine the preva-
lence of the overlap between DISH and axial SpA in order to better 
understand whether this co- occurrence is merely coincidental or 
whether those 2 diseases may influence each other, as has been 
suggested by some authors (7). Finally, we believe that there is a 
need to increase awareness of the fact that inflammatory lesions 
on MRI (either spine or sacroiliac joint) can also be observed in 
“mechanical” diseases and should be interpreted with caution to 
avoid “overdiagnosis and overtreatment”’ (8), keeping in mind that 
diagnosis should always be based on a combination of symptoms 
and signs and not only on imaging findings.

Augustin Latourte, MD  
Anna Moltó, MD, PhD
Paris Descartes University, AP-HP de Paris and 
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