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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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E D I T O R I A L

African Americans and Scleroderma: Examining the Root 
Cause of the Association
Nadia D. Morgan and Allan C. Gelber

Among the autoimmune rheumatic disorders, systemic 
sclerosis (scleroderma) too often signals an unfavorable progno-
sis. Even with the availability of angiotensin- converting enzyme 
inhibitor therapy to abort renal crisis, of mycophenolate mofetil 
and cyclophosphamide to ameliorate skin fibrosis and pulmonary 
alveolitis, and of stem cell transplantation for aggressive disease, 
the course of individuals who have scleroderma remains particu-
larly severe (1–4).

In this context, are outcomes associated with a new diag-
nosis of scleroderma comparable among all affected individuals? 
The answer is a clear and unequivocal no! Not only do patients 
who manifest the diffuse cutaneous subset of disease experi-
ence a more severe course, but so do affected individuals of 
African American race (5). The next sequence of questions one 
may pose to understand this relationship further might include 
what evidence supports this association. Further, what are the 
factors and mechanisms of disease that contribute to the ele-
vated risk for greater morbidity and heightened mortality among 
African Americans who have scleroderma (6)?

In fact, a focus on race as a predictor of disease phe-
notype, serologic profile, and outcome has been a sustained 
area of research during the last 50 years. In contrast, when 
Sir William Osler published his experience in 1901 regarding 
11 patients with scleroderma at Johns Hopkins, he recog-
nized that women were predominantly affected, that extreme 
cyanosis of the hands was an important clinical feature, and 
that the lungs and kidneys were critically affected, but he made 
no comment about the racial composition of his patients (7). 
Subsequently, in a larger experience reported a half- century 
later, in 1954, which detailed 150 patients with scleroderma 
at New York University, again it was noted that scleroderma 
predominantly occurred in women; 108 of these patients (72%) 
were female (8). These authors noted a marked variability in the 
expression and severity of disease, yet only 3 of their patients 
were African American.

Thereafter, a 1967 report from Baltimore specifically 
focused on the racial and sex composition among fatal cases 
with  scleroderma (9). This appears to have been the first report 
to furnish race- specific mortality rates. A total of 53 deaths 
occurred during the period of 1949 through 1963, among whom 
20 patients (38%) were African American. In fact, the mortality 
rate among the African American women was 3- fold greater than 
among the white counterparts. In addition, the mean age at death 
was younger among the African American patients. Many years 
later, directly related to the study by Moore et al in this issue of 
Arthritis Care & Research (10), the question remains: why are Afri-
can Americans disproportionately affected with greater morbidity 
and excess mortality once diagnosed with scleroderma?

In 1971, a population- based study from Shelby County, 
Tennessee examined the epidemiology of systemic sclerosis 
(11). In this community encompassing Memphis, the inci-
dence of scleroderma was greater among African Americans 
compared to white residents. In particular, African American 
women experienced earlier onset of disease compared to white 
women and to men. More recently, in 1997, 514 women with 
scleroderma were identified from across the state of Michigan 
(12). In that report, half the African American women mani-
fested the diffuse cutaneous subset of disease compared to 
one- fourth of the white residents. The investigators highlight  ed 
meaningful sex- race variability in disease incidence, with 22.5 
cases of incident scleroderma among African American women  
compared to 12.8 cases per million among white women. The 
investigators further noted serologic differences between the 
groups and a 2- fold greater risk of mortality in Michigan among 
the African American female residents of the state compared to 
the white women. Population- based estimates of scleroderma 
incidence, prevalence, and mortality have similarly been furnished 
from South Carolina (13). There, the 5- year in- hospital mortality 
rate was greater at 23% among the African American  residents  
compared to 16% of the white residents with scleroderma. 
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 Further, multivariate analyses integrated measures of educa-
tional attainment and median household income in the effort 
to discern which factors, environmental, genetic, or otherwise, 
contributed to the observed 70% increase in mortality among 
the African American patients with scleroderma.

Just a decade ago, genotyping of HLA class II alleles was 
studied, together with clinical and laboratory parameters, as 
predictors of scleroderma disease manifestations and outcome 
(14). When HLA II alleles (DRB1*0802 and DQA1*0501) were 
integrated into multivariate analyses in the Genetics versus Envi-
ronment and Scleroderma Outcome Study, these genetic mark-
ers were predictive of mortality. In contrast, the risk estimate 
associated with race and ethnicity was no longer statistically 
significant. Consequently, the authors concluded that risk asso-
ciated with ethnicity was mediated by HLA II gene allele status.

In this issue of the journal, Moore et al examine the con-
tribution of socioeconomic determinants of health to explain 
excess mortality among African Americans with scleroderma, 
using data assembled from 2008 to 2016 at a single university 
medical center in the District of Columbia (10). Race and ethnic-
ity were self- reported. Next, the patients were dichotomized as 
being African American or not. Within these 2 groups, all patients 
were matched by sex, age, date at first clinical evaluation at the 
scleroderma center, disease duration, and in the disease sub-
set (limited versus diffuse cutaneous). Next, a series of analytical 
models, using Cox proportional hazards analysis, incorporated 
marital status, educational attainment, health insurance status, 
employment, and median household income, together with 
racial group, as predictors of outcome.

There were 402 patients in the analysis, among whom 202 
were African American. They were predominantly women, in 
their early 40s at the onset of scleroderma, and with average 
disease duration of 8 years when first evaluated at the academic 
center. Further, notwithstanding matching by scleroderma dis-
ease subset, the prevalence of diffuse cutaneous disease was 
greater, at 48% versus 41%, in the African American patients. 
Notably, the frequency of seropositivity to anticentromere anti-
body was lower among the African American patients. These 
differences in clinical and serologic features of disease between 
groups are noteworthy in terms of their impact as predictors 
of outcome. Consequently, an imbalance in these features may 
influence the risk associated with race in relation to mortality. 
In addition, there was variability in the comorbidity profile, with 
a higher frequency of stroke and hypertension, and less fre-
quent occurrence of malignancies, among the African American 
patients. In terms of clinical features of disease, renal crisis as 
well as cardiac and pulmonary disease occurred more com-
monly among the African American patients.

In terms of demographic and socioeconomic profile, the 
African American patients were more often single and less often 
married. In addition, the African American patients were more 
often disabled at the first visit to the scleroderma facility, were 

less likely to have private health insurance, and less frequently 
had attained a college degree. The median household income as 
assessed by zip code of residence was $23,000 lower among 
the African American patients, at $74,000.

Mortality in this cohort with scleroderma differed by race. 
Specifically, 43 of the African American patients (21%) died during 
the period of follow- up compared to 22 (11%) of the non–African 
American patients. Notably, mean follow- up was comparable in 
both groups. Perhaps the most critical table in the article is Table 
5 (and the related figure), which highlights the risk of mortality 
associated with race. In univariate analysis, the African American 
patients experienced a 2- fold increased risk of mortality that was 
statistically significant. Yet when the socioeconomic determinants 
were included in the multivariate model, specifically integrating 
marital status, educational status, employment and health insur-
ance status, the risk ratio for African American race was reduced 
to 1.8 and was no longer statistically significant. In the final multi-
variate model, in which household income was further integrated, 
this parameter was predictive of outcome, whereas the associa-
tion with race was markedly reduced, approaching null.

Quite recently, a large multicenter cohort was assembled from 
18 academic medical centers across the US to examine the demo-
graphic, clinical, socioeconomic, and genetic contribution to sclero-
derma susceptibility (15). In a detailed and systematic fashion, the 
Genome Research in African American Scleroderma Patients 
(GRASP) cohort was established in 2013 to evaluate phenotype, 
susceptibility, and outcome among African Americans with sclero-
derma. Interestingly, the participating patients were enrolled both 
retrospectively and prospectively, with disease onset commenc-
ing as early as 1987 and continuing with new recruitment through 
2016. The majority of the 1,009 African American patients in the 
GRASP cohort manifested the diffuse cutaneous subset of disease, 
an observation evident among both women and men (15). Overall, 
94% were antinuclear antibody positive, whereas 30% were sero-
positive for topoisomerase antibody, the latter finding was more 
often observed among men (38%) than among women (28%). 
In addition, 43% had radiographic evidence of pulmonary fibrosis 
on computed tomography imaging, with 30% manifesting pulmo-
nary hypertension at echocardiographic or cardiac catheterization 
assessment. In all, 7% of the cohort experienced renal crisis.

Next, the GRASP investigators undertook whole- exome gene 
sequencing to identify functional variants previously associated 
with susceptibility to scleroderma among individuals of European 
American ancestry (16). They compared genetic measures, par-
ticularly coding and deleterious variants related to fibrosis, among 
379 participants from the GRASP cohort to 411 healthy controls 
derived from the Howard University Family Study, a population- 
based African American cohort in Washington, DC. Among the 
various candidate genes they examined, the single pathway that 
retained statistical significance, after adjustment for multiple com-
parisons, was the hepatic fibrosis/hepatic stellate cell gene acti-
vation pathway. Further, this association was observed specifically 



EDITORIAL |      1153

among those with the diffuse cutaneous subset of scleroderma in 
comparison to healthy controls (16).

Overall, and in the context of these published reports 
that underscore the disproportionate and adverse impact of 
 scleroderma among African Americans, and in light of the 
ongoing efforts of the GRASP study, the current article by 
Moore et al emphasizes the importance of socioeconomic sta-
tus and of socioeconomic determinants of health, to account 
for differences in clinically relevant outcomes (10). These 
reports emphasize to the reader, each in its own way, the value 
of an optimal study design, which can concomitantly examine 
the independent contribution of socioeconomic status, and of 
clinical, serologic, and genetic determinants to outcomes of 
interest in scleroderma. Such opportunities, made possible 
by large multicenter collaborations with these key parameters 
integrated into the study design, are the ultimate goal.
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Increased Morbidity and Mortality of Scleroderma in 
African Americans Compared to Non–African Americans
Duncan F. Moore , Elisabeth Kramer, Rami Eltaraboulsi, and Virginia D. Steen

Objective. African Americans with scleroderma have more severe disease and higher mortality than non–African 
Americans. Differences in rates of diffuse disease, autoantibody status, or socioeconomic status have not completely 
explained this phenomenon. Our study evaluates these risks at our site.

Methods. A retrospective study comparing African American and non–African American patients with scleroder-
ma seen from 2008 to 2016 was performed. Groups were matched by sex, age at first visit, date of first visit, disease 
duration at first visit, and limited versus diffuse cutaneous disease. Demographic, serologic, and clinical features 
were compared. Mortality risks were assessed by a Cox proportional hazards model with covariates of race, marital 
status, education, employment, insurance, and imputed household income.

Results. African Americans comprised 202 of 402 patients. They demonstrated reduced forced vital capacity and 
diffusing capacity for carbon monoxide, more severe lung fibrosis, a higher prevalence of pulmonary hypertension, 
and more severe cardiac involvement. The autoantibody profile statistically differed between the 2 groups. Death 
during follow- up was 21% in African Americans versus 11% in non–African Americans (P = 0.005). African American 
race demonstrated an unadjusted hazard ratio for death during follow- up of 2.061 (P = 0.006) that declined with ad-
justment for socioeconomic covariates to 1.256 (P = 0.633). The only significant covariate was median income in tens 
of thousands of dollars by zip code (hazard ratio 0.845; P = 0.033).

Conclusion. African American patients with scleroderma have more severe pulmonary disease and higher un-
adjusted mortality than matched non–African Americans. Following adjustment for socioeconomic factors, African 
American race was not a significant risk factor for mortality; however, independent of race, a lower median household 
income predicted increased mortality.

INTRODUCTION

African Americans with scleroderma (SSc; systemic sclerosis) 
experience more severe manifestations, a more aggressive disease 
course, and increased morbidity and mortality relative to non–
African Americans. Prior studies have demonstrated that the inci-
dence and prevalence of SSc are higher in African Americans (1–3). 
African Americans are younger at disease onset (4,5) and at time 
of diagnosis (2,5). They are more likely to have diffuse cutaneous 
disease (1,2,5–7) and demonstrate an increased prevalence (5,6) 
and severity of restrictive lung disease (5,8,9). Cardiac and renal 
involvement are also more prevalent (6), and there is an increased 
prevalence and severity of skeletal muscle involvement (5).  African 
American patients are more likely than white patients to have  
anti–Scl- 70 (anti–topoisomerase) and anti–U1 RNP antibodies and 
less likely to have anticentromere antibodies (5,6). Anti–Scl- 70 is an 

independent risk factor for SSc lung disease (8). Younger African 
Americans with SSc are also hospitalized more frequently (10).

African American patients with SSc have increased mor-
tality relative to non–African Americans (1,5,6,11–13). Mortality 
rates are higher among patients with diffuse skin disease or 
with pulmonary involvement (1). Steen et  al adjusted mortality 
for age, sex, and diffuse disease status and found that African 
Americans were 1.68 times more likely to die during follow- up. 
This mortality difference persisted in a subgroup analysis of anti–
Scl- 70–positive patients. African Americans within this subgroup 
demonstrated increased prevalence and severity of pulmonary 
fibrosis and an increased hazard ratio for death (5). Gelber et al 
(6) adjusted their survival analyses for sex, duration, disease 
subtype, and either SSc- specific antibody status, educational 
attainment, or health insurance status and found that African 
American race remained an independent risk factor for mortality.
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While African American patients with SSc have a distinct phe-
notypic and serologic profile, their experience of and outcomes 
in the disease may be confounded by socioeconomic factors 
that correlate with race (14). Within SSc cohorts, African Amer-
icans have decreased educational attainment, increased Med-
icaid prevalence, decreased household income, and decreased 
vehicle ownership relative to non–African Americans (12,15,16). 
Marital status, employment, educational attainment, insurance 
status, and median income by household have all been examined 
as covariates in SSc mortality research (6,12,15,16). Effect sizes 
have varied, and socioeconomic factors have not fully explained 
racial disparities in any studies to date.

In our own study, we sought to augment the existing literature 
by describing a large set of African American patients with SSc 
compared with matched non–African American patients with SSc. 
Patients were matched in order to control for sex, age, disease 
duration, and diffuse disease status. We also sought to examine 
the interplay of race and socioeconomic status in SSc survival via 
a robust series of regression analyses.

PATIENTS AND METHODS

Study population. The study population was drawn retro-
spectively from the outpatient panel of the senior author (VDS) at 
a single academic center. Patients with SSc seen between 2008 
and 2016 were eligible for inclusion. The clinical diagnosis of SSc 
was made by the senior author. At inclusion, African American 
and non–African American patients were matched by the senior 
author by the following 5 characteristics: sex, age (within 5 years) 
at first visit within the study period, date (either 2008–2012 or 
2013–2016) of first visit within the study period, disease duration 
(either ≤4 years or >4 years) at first visit within the study period, 
and limited versus diffuse cutaneous disease.

Data collection. All data were abstracted via a manual 
review of printed and electronic charts according to a stan-
dardized form. The study was carried out in compliance with 

the Helsinki Declaration and was approved by the Georgetown 
University Institutional Review Board. All authors performed 
abstraction. Race and ethnicity were self- reported. Our insti-
tution’s electronic health record allows for the designation of 
“black or African American,” and hereafter all such patients 
are referred to as “African American.” Reported marital sta-
tus, educational attainment, employment, and insurance sta-
tus refer to values collected at the index visit. If the patient’s 
index visit occurred before 2008, the date of the index visit 
was changed to January 1, 2008. Clinical comorbidities were 
abstracted from all available clinical data.

Median household income was imputed onto patients 
by the zip code of their residence at the initial visit, per data 
from the US Census Bureau collected from 2006 to 2010 (17). 
Income imputed by zip code has been used widely as a socio-
economic status surrogate (18), including as an independent 
variable in the SSc literature (12,16) and also as a component 
of a composite score of relative socioeconomic deprivation 
(19,20).

Disease duration was noted from the first symptom attribut-
able to SSc, including Raynaud’s phenomenon. Clinical features, 
such as modified Rodnan skin score, were recorded by most 
abnormal value or status. Comorbid diseases, such as hyper-
tension, diabetes mellitus, and malignancy were recorded as 
positive if present at any point during the disease course. Severe 
cardiac involvement was defined as symptomatic pericardial 
effusion, arrhythmias requiring treatment, or heart failure requiring 
treatment. Laboratory measures and objective clinical measure-
ments, such as pulmonary function tests (PFTs) or values from 
right heart catheterization, were also recorded by most abnor-
mal value or status. Mortality during follow-up was obtained by 
review of patient records and the Social Security Death Index.

Statistical analysis. Patients’ demographic, laboratory, 
and clinical features were compared with Student’s t- test, chi- 
square test, or Fisher’s exact test, as appropriate. Mortality risks 
were assessed by a Cox proportional hazards model with socio-
demographic and socioeconomic covariates of race, marital 
status, educational attainment, insurance status, employment 
status, and median household income imputed by zip code (in 
tens of thousands of dollars). Analyses were performed with 
SPSS statistics software, version 19.0.

RESULTS

Baseline characteristics and matching. African Amer-
ican patients comprised 202 of the 402 patients analyzed. The 
200 non–African American patients included 193 (48%) who iden-
tified as white or Caucasian, 4 (1%) who identified as Asian, and 3 
(1%) who identified as “other.” Of the 12 patients (3%) who iden-
tified as Hispanic or Latino, 1 was African American, and 11 were 
non–African American.

SIGNIFICANCE & INNOVATIONS
• As demonstrated in this previously undescribed 

cohort, African Americans with scleroderma have a 
distinct clinical and serologic profile, most notably 
more severe pulmonary disease and higher unad-
justed mortality, relative to non–African Americans.

• African American patients had lower measures of 
socioeconomic status by all variables examined.

• After adjustment for available socioeconomic fac-
tors, African American race was not an indepen-
dent risk factor for increased mortality. However, 
independent of race, lower household income (as 
imputed by zip code) was associated with increased 
mortality during follow-up.
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As a group, African Americans were similar to non–African 
Americans in all factors by which they were matched (Table 1). 
Both groups were majority female (87%), in the fifth decade of life 
on average at first visit, and with disease duration at first visit of 
approximately 8 years. Age at symptom onset was approximately 
40 ± 14 years (mean ± SD). The first visit occurred between 2008 
and 2012 in approximately two- thirds of both groups. African 
American patients trended toward a higher prevalence of diffuse 
disease (48% versus 41%) than non–African American patients, 

but this group difference was not statistically significant.
There were no group differences in frequency of follow- up. 

The mean number of follow- up appointments was 7.4 in African 
Americans and 7.1 in non–African Americans (P = 0.657). The 
number of visits per year was 3.6 in African Americans and 3.4 in 
non–African Americans (P = 0.912).

The 2013 American College of Rheumatology/European 
League Against Rheumatism classification criteria for SSc (21) 
were fulfilled in 186 (92%) and 184 (92%) of African American and 
non–African American patients, respectively. Baseline non- SSc 
characteristics are shown in Table 2. African American patients 
had a higher prevalence of stroke and hypertension, and non–
African American patients had a higher prevalence of cancer, 
primarily non- melanoma skin cancer. The prevalence of coronary 
artery disease, diabetes mellitus, and chronic obstructive pulmo-
nary disease did not differ among the 2 groups. A similar preva-
lence of smoking was observed in both groups.

Socioeconomic status. There were differences among 
the 2 groups in all socioeconomic domains examined (Table 2). 
African American patients were more likely to be single and 
less likely to be married. African American patients were more 
likely to be disabled at the first visit and less likely to be a 

homemaker. African American patients were less likely to have 
private insurance and more likely to have Medicaid, although 
only 8% had Medicaid. Even though fewer African American 
patients had a college degree, 58% of all patients whose edu-
cation status was known had college or postgraduate degrees 
(29% overall). African American patients were more likely to 
be in the fourth quintile of median household income by zip 
code and less likely to be in the fifth quintile (highest level). The 
median household income by zip code for African American 
patients was $74,000, which was $23,000 lower than that of 
non–African American patients (P < 0.001). In comparison, the 
nationwide mean of the median income of all zip codes was 
$63,000.

Laboratory markers. Serologic and inflammatory mark-
ers differed among the 2 groups (Table  3). Both groups had 
a similar prevalence of antinuclear antibody (ANA) positivity 
(defined as >1:80, or 1:80 with a positive SSc- specific autoanti-
body), with approximately 94% of patients tested. Not all patients 
were tested for all SSc- specific antibodies. Because the vast 
majority of patients with SSc have only 1 SSc- specific antibody, 
additional testing for SSc- specific antibodies was not performed 
after 1 was positively identified in a patient. Isolated nucleolar 
ANA was defined as a positive ANA with an isolated nucleo-
lar pattern without a positive test for an SSc- specific autoanti-
body. “Other ANA” referred to a positive ANA without an isolated 
nucleolar pattern in a patient without any other SSc- specific anti-
bodies or to patients with multiple autoantibodies (determined 
by the senior author [VDS] not to be low- titer false positives). All 
such autoantibody categories were mutually exclusive. African 
American patients were more likely to have an isolated nucleolar 
ANA, anti–U1 RNP antibody, or other positive ANA without an 

Table  1. Characteristics for matching African American and non–African American patients at study 
inclusion*

Characteristics
African American 

(n = 202)

Non–African 
American 
(n = 200) P

Female 175 (87) 174 (87) 0.914
Age at first visit, mean ± SD years 47.5 ± 13.2 48.4 ± 13.1 0.481
Disease duration at first visit, mean ± SD years 7.7 ± 8.1 8.3 ± 9.6 0.512
Date of first visit 0.372

2008–2012 133 (66) 140 (70)
2013–2016 69 (34) 60 (30)

Scleroderma type 0.103
Diffuse 97 (48) 81 (41) 0.129
Limited 101 (50) 118 (59) 0.070
Unclassified† 4 (2) 1 (1) 0.181

* Values are the number (%) unless indicated otherwise. 
† Patients not followed early in the disease course and for whom the presence of limited cutaneous 
disease could not be confirmed (as in patients with diffuse disease that later appears limited due to 
softening of the skin). 
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Table 2. Baseline medical and socioeconomic characteristics, by race*

Characteristics
African American 

(n = 202)
Non–African American 

(n = 200) P

Tobacco smoking 0.633
Never 130 (64) 123 (62) 0.553
Former 47 (23) 52 (26) 0.525
Present 14 (7) 10 (5) 0.414
Not recorded 11 (5) 15 (8) 0.402

Clinical comorbidities
Coronary artery disease 13 (6) 9 (5) 0.394
Stroke 6 (3) 0 (0) 0.014†
Hypertension 88 (43) 28 (14) < 0.001†
Diabetes mellitus 19 (9) 10 (5) 0.088
COPD 5 (3) 4 (2) 0.747
Malignancy 18 (9) 37 (19) 0.005†

Marital status 0.001†
Single 66 (33) 33 (17) < 0.001†
Married 86 (43) 121 (61) < 0.001†
Separated 5 (3) 4 (2) 0.747
Divorced 14 (7) 19 (10) 0.348
Widowed 9 (5) 7 (4) 0.624
Not recorded 22 (11) 16 (8) 0.322

Employment at first visit 0.007†
Working 109 (54) 109 (55) 0.914
Retired 18 (9) 30 (15) 0.060
Homemaker 2 (1) 12 (6) 0.006†
Student 6 (3) 9 (5) 0.418
Disabled 21 (10) 9 (5) 0.024†
Unemployed 13 (6) 9 (5) 0.394
Not recorded 33 (16) 22 (11) 0.120

Insurance 0.001†
Private 149 (74) 164 (82) 0.047†
Medicare‡ 32 (16) 25 (13) 0.337
Medicaid§ 16 (8) 1 (1) < 0.001†
Self- pay/assistance 2 (1) 6 (3) 0.149
Not recorded 3 (1) 4 (2) 0.693

Education (highest attained) 0.013†
Grade school 7 (3) 4 (2) 0.368
High school 28 (14) 15 (8) 0.039†
Some college¶ 7 (3) 14 (7) 0.111
College 23 (11) 43 (22) 0.006†
Post- college# 26 (13) 25 (13) 0.911
Not recorded 111 (55) 99 (50) 0.274

National quintile of median household income  
of zip code at first visit**

< 0.001†

First (lowest) 24 (12) 6 (3) 0.001†
Second 4 (2) 6 (3) 0.512
Third 2 (1) 9 (5) 0.031†
Fourth 51 (26) 16 (8) < 0.001†
Fifth (highest) 119 (60) 160 (81) < 0.001†

Median income of zip code at first visit,  
mean ± SD tens of thousands of dollars**

7.41 ± 2.65 9.74 ± 3.74 < 0.001†

* Values are the number (%) unless indicated otherwise. COPD = chronic obstructive pulmonary disease. 
† Statistically significant. 
‡ Medicare is the US Federal government health insurance program for people age ≥65 years, certain younger people with 
disabilities, and people with end- stage renal disease. 
§ Medicaid is a joint Federal and state program in the US that provides health insurance to low- income people. 
¶ Trade school, technical education, college courses not leading to degree. 
# Includes graduate and professional school. 
** Data analyzed from 200 African Americans and 197 non–African Americans. 
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SSc- specific antibody and less likely to have anticentromere or 
anti–RNA polymerase III antibodies. The prevalence of anti–Scl- 
70 antibodies was the same among the 2 groups. African Amer-
ican patients were more likely to have positive SSA and SSB 
antibodies but had sicca symptoms less frequently (Table 4). The 
C- reactive protein level was similar in both groups, but the eryth-
rocyte sedimentation rate and creatine phosphokinase (CPK) 

level were higher in  African American patients.

Clinical features. Numerous clinical features differed 
among the 2 groups (Table  4). Raynaud’s phenomenon and 
digital pitting scars were less likely to be present in African 
Americans. The prevalence of gastric antral vascular ecta-
sia and sicca symptoms were higher among non–African 
American patients. Although anti–RNA polymerase III antibody 
positivity was more common in non–African Americans, renal 
crisis occurred more frequently in African Americans (8% ver-
sus 3% in non–African Americans; P = 0.019). There were 
no group differences in the presence or severity of proximal 
muscle weakness (despite higher CPK levels in African Amer-
icans) or the prevalence of neuropathy symptoms requiring 
gabapentinoids. There was no categorical group difference 
in severity of gastrointestinal disease; however, non–African 
Americans were more likely to have gastroesophageal reflux 
disease treated with medications. On examination, there were 

no group  differences in mean skin score, prevalence of inflam-
matory arthritis, or prevalence of contractures. Calcinosis, 
telangiectasias, and tendon friction rubs were more common 
among non–African American patients.

African Americans patients had more severe pulmonary 
and cardiac disease. The mean lowest forced vital capacity 
and diffusing capacity for carbon monoxide were lower in 
African Americans, and correspondingly, the prevalence of 
fibrosis and severe fibrosis per computed tomography scan, 
home oxygen use, and pulmonary hypertension by right heart 
catheterization were higher among African American patients. 
Pulmonary hypertension was present in 21% of African Amer-
ican patients. Of those 42 patients, 33% had pulmonary arte-
rial hypertension, 16% had pulmonary venous hypertension, 
and 20% had pulmonary hypertension secondary to interstitial 
lung disease (PH- ILD). Of the 25 non–African Americans (18%) 
who had pulmonary hypertension, 42% had pulmonary arterial 
hypertension, 14% had pulmonary venous hypertension, and 
11% had PH- ILD. Overall, there was no categorical difference 
among the 2 groups in the type of pulmonary hypertension 
present (P = 0.591). On echocardiography, African American 
patients had higher pulmonary artery systolic pressure or right 
ventricular systolic pressure and lower left ventricular ejection 
fraction. Overall, severe cardiac involvement was more preva-
lent in African Americans.

Table 3. Serologic and laboratory characteristics, by race*

Characteristics
African American 

(n = 202)

Non–African 
American 
(n = 200) P

Autoantibody < 0.001†
Negative ANA, no. (%) 12 (6) 10 (5) 0.678
Anticentromere 14/120 (7) 44/153 (22) 0.001†
Anti-Scl-70 43/166 (21) 41/163 (21) 0.876
Anti–U1 RNP 26/114 (13) 10/119 (5) 0.002†
Isolated nucleolar ANA 49/154 (24) 32/151 (16) 0.036†
Anti–RNA polymerase III 7/78 (3) 30/118 (15) 0.004†
Other ANA, no. (%)‡ 45 (22) 25 (13) 0.010†
No result, no. (%) 6 (3) 8 (4) 0.573

SSA positive 44/135 (22) 13/124 (7) < 0.001†
SSB positive 11/130 (5) 3/123 (2) 0.036†
ESR, mean ± SD 36.5 ± 31.0 26.4 ± 25.5 0.002†
CRP, mean ± SD 10.0 ± 18.8 8.3 ± 12.5 0.399
CPK, mean ± SD 591 ± 1302 229 ± 403 0.005†

* Values are the number/total (%) unless indicated otherwise. Percentages are of the total ra-
cial group. Not all tests were performed in all patients: erythrocyte sedimentation rate (142 Af-
rican Americans, 159 non–African Americans), C- reactive protein (116 African Americans, 129  
non–African Americans), creatine phosphokinase (114 African Americans, 114 non–African 
Americans). ANA = antinuclear antibody; ESR = erythrocyte sedimentation rate; CRP = C- reactive 
protein; CPK = creatine phosphokinase. 
† Statistically significant. 
‡ Includes patients with positive ANA but no scleroderma- specific autoantibody or patients with 
multiple autoantibodies (determined not to be low- titer false positives). 
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Table 4. Clinical features, by race*

Features
African American 

(n = 202)
Non–African American 

(n = 200) P

Raynaud’s phenomenon 0.003†
None 11 (5) 3 (2) 0.031†
Raynaud’s phenomenon only 99 (49) 93 (47) 0.614
With digital pitting scars 4 (2) 19 (10) 0.001†
With digital ulcerations 72 (36) 75 (38) 0.699
With digital gangrene 16 (79) 10 (5) 0.234

Sicca symptoms 30 (15) 64 (32) < 0.001†
Gastric antral vascular ectasia 7 (3) 18 (9) 0.022†
Renal crisis 17 (8) 6 (3) 0.019†
Gastrointestinal involvement 0.304

No gastrointestinal meds 38 (19) 30 (15) 0.308
GERD with meds 130 (64) 148 (74) 0.036†
Antibiotics for bacterial overgrowth, or abnormal gastric 

emptying study
14 (7) 8 (4) 0.196

Pseudo- obstruction 6 (3) 3 (2) 0.319
Hospitalization for gastrointestinal disease 9 (5) 9 (5) 0.983
Requiring total parenteral nutrition 5 (3) 2 (1) 0.258

Examination features
Skin score, mean ± SD 14.2 ± 13.2 14.4 ± 12.6 0.881
Inflammatory arthritis 33 (16) 43 (22) 0.186
Contractures 66 (33) 73 (37) 0.420
Calcinosis 9 (4) 34 (17) < 0.001†
Telangiectasia 39 (19) 101 (51) < 0.001†
Tendon friction rubs 24 (12) 41 (21) 0.019†

Pulmonary features
Forced vital capacity, mean ± SD 68.4 ± 20.4 80.7 ± 19.4 < 0.001†
DLco, mean ± SD 45.8 ± 19.8 63.7 ± 20.9 < 0.001†
Fibrosis per CT scan 0.002†

None 38 (19) 60 (30) 0.009†
Mild/moderate 77 (38) 67 (34) 0.334
Severe 22 (11) 6 (3) 0.002†
Not performed 65 (32) 67 (34) 0.778

Home oxygen use 48 (24) 18 (9) < 0.001†
Pulmonary hypertension (any type) by right heart 

 catheterization
42 (21) 25 (18) 0.026†

Cardiac features
PASP or RVSP, mean ± SD mm Hg 39.3 ± 17.2 32.8 ± 14.2 0.001†
LVEF, mean ± SD % 56.3 ± 11.2 59.5 ± 6.0 0.002†
Severe cardiac involvement‡ 35 (17) 17 (9) 0.008†

* Values are the number (%) of the total racial group, unless indicated otherwise. Not all tests were performed in all patients. 
Forced vital capacity: 161 African Americans, 178 non–African Americans; diffusing capacity for carbon monoxide (DLco): 161 
African Americans, 175 non–African Americans; pulmonary hypertension (any type) by right heart catheterization: 55 African 
Americans, 36 non–African Americans; pulmonary artery systolic pressure (PASP) or right ventricular systolic pressure (RVSP): 
142 African Americans, 160 non–African Americans; left ventricular ejection fraction (LVEF); 142 African Americans, 160 non–
African Americans. GERD = gastroesophageal reflux disease; CT = computed tomography. 
† Statistically significant. 
‡ Symptomatic pericardial effusion, arrhythmias requiring treatment, or heart failure requiring treatment. 
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African American patients were more likely to have 
received prednisone at any point during their illness (48% 
 versus 33%; P = 0.002) and were more likely to have received 
prednisone doses of 15 mg or more (19% versus 11%;  
P = 0.011). There was no difference among the 2 groups in 
prevalence of treatment with cyclophosphamide, mycophe-
nolate mofetil, methotrexate, azathioprine, or D- penicillamine 
(data not shown).

African American patients had increased mortality during 
the follow- up period. The mean follow- up duration was similar 
among the 2 groups (mean ± SD 4.1 ± 2.8 years in African 
Americans and 4.4 ± 3.1 years in non–African Americans; P = 
0.207). Forty- three (21%) of the African American patients died, 
and 22 (11%) of the non–African American patients died (P = 
0.005). SSc- related causes of death (composed of pulmonary 
fibrosis, pulmonary hypertension, cardiac disease, renal disease, 
and multisystem SSc) accounted for 31 deaths (72%) in African 
Americans and 17 deaths (77%) in non–African Americans. 
Cancer accounted for 7 deaths (16%) in African Americans and 
5 deaths (23%) in non–African  Americans (P = 0.570).

Survival analyses. A Cox proportional hazards model was 
performed to adjust mortality outcomes for socioeconomic status 
(Table  5). The proportional hazards assumption was met for all 
such analyses per Schoenfeld residuals (22). In Model A, African 
American status was the only covariate. African American status 
showed an unadjusted hazard ratio for death during follow- up of 
2.061 (95% confidence interval [95% CI] 1.232–3.449; P = 0.006). 
Figure 1 shows a plot of the unadjusted survival function. For Model 
B, the covariates of the patient- specific socioeconomic factors of 
marital status, educational attainment, employment status, and 
insurance type were added. In Model B, the hazard ratio of Afri-
can American status was reduced to 1.778 (95% CI 0.727–4.350; 

P = 0.207). None of the other socioeconomic covariates demon-
strated statistically significant effects. For Model C, the covariate 
of household income in tens of thousands of dollars (imputed by 
zip code) was added to Model B. In Model C, the hazard ratio of 
African American status was reduced to 1.256 (95% CI 0.494–
3.191; P = 0.633), the patient- specific socioeconomic covariates 
remained statistically insignificant, and the hazard ratio of median 
income was 0.845 (95% CI 0.723–0.986; P = 0.033). Thus, for 
every additional $10,000 of household income, independent of 
race, the hazard of death during follow- up declined by 15.5%.

DISCUSSION

We have demonstrated in a large, retrospective, matched 
cohort of African Americans and non–African Americans with SSc 
that African Americans have a different autoantibody profile, more 
severe pulmonary and cardiac disease, and a higher unadjusted 
risk of mortality than their non–African American counterparts. 
African Americans had lower measures of socioeconomic status 
by all examined variables, including the patient- specific measures 
of marital status, employment, insurance type, and educational 
attainment as well as imputed household income. After adjust-
ment for these factors, African American race was not a significant 
risk factor for mortality, but lower median household income by zip 
code was an independent risk factor for increased mortality.

The baseline characteristics, disease manifestations, and 
outcomes within our cohort differed in several ways from prior 
cohorts. Unlike prior studies (1,5,6), there was no observed racial 
difference in age at the first visit, duration of disease (by first symp-
tom, including Raynaud’s phenomenon) at first visit, or prevalence 
of diffuse disease, which specifically reflected the matching by 
these features in our study design.

Similar to prior studies, African Americans in our study were 
more likely to have anti–U1 RNP antibodies and less likely to have 
anticentromere antibodies and anti–RNA polymerase III antibod-
ies. Unlike some prior studies (5,6), our cohort did not demon-
strate an increased prevalence of anti-Scl-70 antibodies among 
African American patients. Because anti–Scl- 70 strongly corre-
lates with diffuse skin disease, matching by diffuse versus limited 
cutaneous disease eliminated this difference.

Sicca symptoms were more common among non–African 
Americans, despite a higher prevalence of positive SSA and SSB 
antibodies among African Americans. This finding in African Amer-
icans could reflect an often seen overlap disease with systemic 
lupus erythematosus, rather than Sjögren’s syndrome. CPK lev-
els were higher in African American patients despite the absence 
of an increase in prevalence of proximal muscle weakness. This 
finding likely reflects the fact that CPK levels are higher in healthy 
asymptomatic African Americans when compared to non–African 
Americans (23).

African American patients had worse restrictive lung disease 
by PFTs, as seen previously (6,8,9). Independent of any disease 

Table 5. Survival analyses, by race*

Model and variables Hazard ratio (95% CI) P

A† 2.061 (1.232–3.449) 0.006‡
B§ 1.778 (0.727–4.350) 0.207
C¶

African American race 1.256 (0.494–3.191) 0.633
Household income 0.845 (0.723–0.986) 0.033‡

* Cox proportional hazard models were used to calculate the haz-
ard ratio for death during follow- up. In models B and C, none of the 
socioeconomic covariates other than household income in tens of 
thousands of dollars (imputed by zip code) was statistically signifi-
cant. 95% CI = 95% confidence interval. 
† Model A: African American race. 
‡ Statistically significant. 
§ Model B: African American race, marital status, educational at-
tainment, employment status, insurance type. Reported hazard 
ratio is that of African American race. 
¶ Model C: African American race, marital status, educational at-
tainment, employment status, insurance type, household income 
in tens of thousands of dollars (imputed by zip code). 
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process, African American patients have previously been noted to 
have lower lung volumes at baseline (24). PFT values reported in 
this study came from a variety of laboratories, so we are unable 
to determine what degree of race- based adjustment of lung vol-
umes had occurred already; however, most PFTs were performed 
in our institution’s laboratory, which does adjust for race. Regard-
less, some of our observed difference in patients with SSc was 
possibly explained by race alone. African American patients also 
had worse fibrosis on imaging, as seen previously (5). There was 
no racial difference in smoking history, even though prior cohorts 
have demonstrated higher (5) or lower (6) smoking rates among 
African American patients. In contrast to a prior adjusted analy-
sis (6), pulmonary hypertension by right heart catheterization was 
slightly more prevalent among African Americans; however, right 
heart catheterization was performed in our study only as clinically 
indicated. Of note, many African American patients with pulmo-
nary arterial hypertension in our study had both diffuse SSc and 
antinucleolar antibody positivity. This phenotype, consistent with 
prior descriptions (25), is important to recognize because it differs 
from the usual phenotype of a patient with limited cutaneous SSc 
with anticentromere antibody. As in prior studies, cardiac involve-
ment was more severe among African Americans. However, 
the marked increase in underlying hypertension among African 
Americans in our study may have been contributory. Both groups 
received similar exposure to treatment drugs and were followed 
for similar durations. There was no group difference in the number 
or frequency of follow- up visits.

Our findings of increased unadjusted mortality are consis-
tent with the aforementioned prior studies. No racial difference 
in survival was noted by Laing et al (1) after adjusting for age at 
diagnosis and diffuse versus limited disease status. Analyses of 

prior cohorts that controlled for age, sex, diffuse disease status, 
and autoantibody status showed a persistent elevation of mortal-
ity risk in African Americans (5,6). Additionally, a study of 1 cohort 
sought to control different individual socioeconomic factors in a 
series of individual analyses and showed that African American 
race remained an independent risk factor (6). In our final adjusted 
mortality analysis, age, sex, disease duration, diffuse disease sta-
tus, and anti–Scl- 70 status were controlled by matching, while the 
socioeconomic variables of marital status, insurance type, edu-
cational attainment, employment status, and imputed household 
income were all included as covariates. This model demonstrated 
that African American race was not a statistically significant inde-
pendent mortality risk factor and that a lower household income 
increased the risk of death during follow- up. Although a history of 
hypertension or stroke was more common among African Amer-
icans in our study, the addition of these variables to our survival 
analyses did not change our results, nor was either comorbidity a 
significant predictor of mortality.

There were several limitations to this study. The matching 
process may have introduced unmeasured selection bias. The 
matches also demonstrated a trend toward more diffuse disease 
and less limited disease in African Americans, although actual 
mean skin scores were essentially identical. Because disease 
duration was defined as time from first manifestation attributa-
ble to SSc, including Raynaud’s phenomenon, the disease dura-
tions reported in our study may not be directly comparable to 
studies in which disease onset was established from the first 
non– Raynaud’s phenomenon manifestation. In particular, this dis-
tinction would affect analysis of patients with limited cutaneous 
disease. Only index socioeconomic variables were recorded, but 
we recognize that these variables may change over time as pro-

Figure  1. Unadjusted cumulative survival plot, stratified by race, not adjusted for socioeconomic covariates. African American status 
demonstrated an unadjusted hazard ratio for death during follow- up of 2.061 (95% confidence interval 1.232–3.449; P = 0.006).
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gressive  disability occurs with SSc. The fact that the manual data 
abstraction was performed by multiple abstractors could repre-
sent a source for bias but was mitigated by the use of a standard-
ized form. Generalizability may be limited by the fact that patients 
saw a single provider at a single academic center; however, this 
circumstance likely resulted in more uniform treatment of patients, 
even though every evaluation and treatment was individualized 
and there were no rote protocols. A low number of non–African 
American, non- white patients also limits generalizability.

In our study, household income by zip code is an area- based 
socioeconomic measure that is used as a proxy for the individ-
ual characteristic of household income. In this approach, some 
authors have found a tendency of the aggregate variable to exag-
gerate the effect of the microlevel variable (26), particularly when 
the aggregate variable represents a broader construct than the 
microlevel variable (27). In a literal sense, our analysis of imputed 
income demonstrates that living with SSc in a less advantaged 
area correlates with an increased risk of mortality during follow- up. 
A lower- income zip code may also correlate with other relative 
deprivations that could influence the disease course. Such depri-
vations may include structural causes of increased difficulty in get-
ting to follow- up (e.g., increased distance to the medical center,  
diminished access to transit), decreased access to primary care, 
increased pollution, etc. The Washington, DC area, in which most 
of the patients in this study lived, is notable for its overall affluence, 
prevalence of insurance coverage, and high educational attain-
ment. And yet the District of Columbia itself is “noticeably segre-
gated by ward” (28). There are 3 predominantly African American 
zip codes east of the Anacostia River (20032, 20020, and 20019) 
that have socioeconomic indicators (including preventable hos-
pitalizations) which “are among the worst in the nation” (28). In 
our study, 17 African Americans (but no non–African Americans) 
hailed from these zip codes, and 6 (35%) died during follow- up.

In summary, we have demonstrated the unique clinical and 
serologic profile and increased morbidity and mortality of SSc in 
African Americans, relative to non–African Americans, in a large 
and previously undescribed cohort. In the US, race is largely a 
social construct, rather than a biologic one, and it is confounded 
by relative economic deprivation (24). Thus, in robustly controlling 
for socioeconomic status, we have demonstrated a relatively 
diminished magnitude and significance of the mortality effect 
conferred by race. Nonetheless, race and ethnicity do correlate 
with differences in fibrosis-related gene expression (29,30) and 
also with specific HLA haplotypes and single nucleotide poly-
morphisms. A growing body of recent research is exploring racial 
differences in the genetic basis of SSc (18,31,32). Higher soci-
oeconomic status may blunt the effects of intrinsic racial differ-
ences. Regardless of the relative magnitudes of the contributory 
socioeconomic versus genetic factors, African Americans with 
SSc clearly merit more intensive efforts to facilitate timely diag-
nosis and access to continued evaluation and suppressive treat-
ment, particularly with respect to cardiopulmonary involvement.

AUTHOR CONTRIBUTIONS

All authors were involved in drafting the article or revising it critically 
for important intellectual content, and all authors approved the final ver-
sion to be submitted for publication. Dr. Moore had full access to all of 
the data in the study and takes responsibility for the integrity of the data 
and the accuracy of the data analysis.
Study conception and design. Moore, Steen.
Acquisition of data. Moore, Kramer, Eltaraboulsi, Steen.
Analysis and interpretation of data. Moore, Steen.

REFERENCES
 1. Laing TJ, Gillespie BW, Toth MB, Mayes MD, Gallavan RH Jr, 

Burns CJ, et al. Racial differences in scleroderma among women in 
 Michigan. Arthritis Rheum 1997;40:734–42.

 2. Mayes MD, Lacey JV, Beebe-Dimmer J, Gillespie BW, Cooper B, 
Laing TJ, et al. Prevalence, incidence, survival, and disease char-
acteristics of systemic sclerosis in a large US population. Arthritis 
Rheum 2003;48:2246–55.

 3. Steen VD, Oddis CV, Conte CG, Janoski J, Casterline GZ, Medsger 
TA Jr. Incidence of systemic sclerosis in Allegheny County, Pennsyl-
vania: a twenty- year study of hospital- diagnosed cases, 1963–1982. 
Arthritis Rheum 1997;40:441–5.

 4. Nietert PJ, Mitchell HC, Bolster MB, Shaftman SR, Tilley BC, Silver 
RM. Racial variation in clinical and immunological manifestations of 
systemic sclerosis. J Rheumatol 2006;33:263–8.

 5. Steen V, Domsic RT, Lucas M, Fertig N, Medsger TA Jr. A clinical and 
serologic comparison of African American and Caucasian patients 
with systemic sclerosis. Arthritis Rheum 2012;64:2986–94.

 6. Gelber AC, Manno RL, Shah AA, Woods A, Le EN, Boin F, et al. 
Race and association with disease manifestations and mortality 
in scleroderma: a 20- year experience at the Johns Hopkins Scle-
roderma Center and review of the literature. Medicine (Baltimore) 
2013;92:191–205.

 7. Beall AD, Nietert PJ, Taylor MH, Mitchell HC, Shaftman SR, Silver 
RM, et al. Ethnic disparities among patients with pulmonary hyper-
tension associated with systemic sclerosis. J Rheumatol 2007;34: 
1277–82.

 8. Greidinger EL, Flaherty KT, White B, Rosen A, Wigley FM, Wise RA. 
African- American race and antibodies to topoisomerase I are asso-
ciated with increased severity of scleroderma lung disease. Chest 
1998;114:801–7.

 9. Steen VD, Conte C, Owens GR, Medsger TA. Severe restrictive lung 
disease in systemic sclerosis. Arthritis Rheum 1994;37:1283–9.

 10. Nietert PJ, Silverstein MD, Silver RM. Hospital admissions, length of 
stay, charges, and in- hospital death among patients with systemic 
sclerosis. J Rheumatol 2001;28:2031–7.

 11. Kuwana M, Kaburaki J, Arnett FC, Howard RF, Medsger TA Jr, Wright 
TM. Influence of ethnic background on clinical and serologic features 
in patients with systemic sclerosis and anti- DNA topoisomerase I 
antibody. Arthritis Rheum 1999;42:465–74.

 12. Nietert PJ, Silver RM, Mitchell HC, Shaftman SR, Tilley BC. Demo-
graphic and clinical factors associated with in- hospital death among 
patients with systemic sclerosis. J Rheumatol 2005;32:1888–92.

 13. Mendoza F, Derk CT. Systemic sclerosis mortality in the United 
States: 1999- 2002 implications for patient care. J Clin Rheumatol 
2007;13:187–92.

 14. Kaufman JS, Cooper RS, McGee DL. Socioeconomic status and 
health in blacks and whites: the problem of residual confounding and 
the resiliency of race. Epidemiology 1997;8:621–8.

 15. Reveille JD, Fischbach M, McNearney T, Friedman AW, Aguilar MB, 
Lisse J, et al. Systemic sclerosis in 3 US ethnic groups: a comparison 



MORBIDITY AND MORTALITY OF SSc IN AFRICAN AMERICANS |      1163

of clinical, sociodemographic, serologic, and immunogenetic deter-
minants. Semin Arthritis Rheum 2001;30:332–46.

 16. Nietert PJ, Silver RM. Patterns of hospital admissions and emergen-
cy room visits among patients with scleroderma in South Carolina, 
USA. J Rheumatol 2003;30:1238–43.

 17. Population Studies Center, Institute for Social Research, University 
of Michigan. Zip code characteristics: mean and median household 
income. URL: https ://www.psc.isr.umich.edu/dis/censu s/Featu res/
tract 2zip/.

 18. Mayes MD. Race, scleroderma, and survival: why is there a differ-
ence? [editorial] J Rheumatol 2005;32:1873–4.

 19. Ward MM. Socioeconomic status and the incidence of ESRD. Am J 
Kidney Dis 2008;51:563–72.

 20. Feldman CH, Hiraki LT, Liu J, Fischer MA, Solomon DH, Alarcón 
GS, et al. Epidemiology and sociodemographics of systemic lupus 
erythematosus and lupus nephritis among US adults with Medicaid 
coverage, 2000–2004. Arthritis Rheum 2013;65:753–63.

 21. Van den Hoogen F, Khanna D, Fransen J, Johnson SR, Baron M, 
Tyndall A, et al. 2013 classification criteria for systemic sclerosis: an 
American College of Rheumatology/European League against Rheu-
matism collaborative initiative. Arthritis Rheum 2013;65:2737–47.

 22. Schoenfeld D. Partial residuals for the proportional hazards regres-
sion model. Biometrika 1982;69:239–41.

 23. Black HR, Quallich H, Gareleck CB. Racial differences in serum cre-
atine kinase levels. Am J Med 1986;81:479–87.

 24. Berry CE, Wise RA. Interpretation of pulmonary function test: issues 
and controversies. Clin Rev Allergy Immunol 2009;37:173–80.

 25. Steen VD, Lucas M, Fertig N, Medsger TA. Pulmonary arteri-
al hypertension and severe pulmonary fibrosis in systemic scle-

rosis patients with a nucleolar antibody. J Rheumatol 2007;34: 
2230–5.

 26. Geronimus AT, Bound J, Neidert LJ. On the validity of using census 
geocode characteristics to proxy individual socioeconomic charac-
teristics. J Am Stat Assoc 1996;91:529–37.

 27. Geronimus AT. Invited commentary: using area- based socioeco-
nomic measures. Think conceptually, act cautiously. Am J Epidemiol 
2006;164:835–40.

 28. King CJ. The health of the African American community in the Dis-
trict of Columbia: disparities and recommendations. URL: https ://
www.georg etown.edu/sites/ www/files/ The%20Hea lth%20of%20
the %20Afr ican%20Ame rican %20Com munit y%20in%20the %20Dis 
trict %20of%20Col umbia.pdf.

 29. Silver RM, Bogatkevich G, Tourkina E, Nietert PJ, Hoffman S. Racial 
differences between blacks and whites with systemic sclerosis. Curr 
Opin Rheumatol 2012;24:642–8.

 30. Reese C, Perry B, Heywood J, Bonner M, Visconti RP, Lee R, et 
al. Caveolin- 1 deficiency may predispose African Americans to sys-
temic sclerosis–related interstitial lung disease. Arthritis Care Res 
 (Hoboken) 2014;66:1909–19.

 31. Gorlova OY, Li Y, Gorlov I, Ying J, Chen WV, Assassi S, et al. Gene- 
level association analysis of systemic sclerosis: a comparison of 
African- Americans and white populations. PloS One 2018;13: 
e0189498.

 32. Morgan ND, Shah AA, Mayes MD, Domsic RT, Medsger TA, Steen 
VD, et al. Clinical and serological features of systemic sclerosis in 
a multicenter African American cohort: analysis of the genome re-
search in African American scleroderma patients clinical database. 
Medicine (Baltimore) 2017;96:e8980.

https://www.psc.isr.umich.edu/dis/census/Features/tract2zip/
https://www.psc.isr.umich.edu/dis/census/Features/tract2zip/
https://www.georgetown.edu/sites/www/files/The Health of the African American Community in the District of Columbia.pdf
https://www.georgetown.edu/sites/www/files/The Health of the African American Community in the District of Columbia.pdf
https://www.georgetown.edu/sites/www/files/The Health of the African American Community in the District of Columbia.pdf
https://www.georgetown.edu/sites/www/files/The Health of the African American Community in the District of Columbia.pdf


1164  

Arthritis Care & Research
Vol. 71, No. 9, September 2019, pp 1164–1170
DOI 10.1002/acr.23763 
© 2018, American College of Rheumatology

B R I E F  R E P O R T

Anti–RNPC- 3 (U11/U12) Antibodies in Systemic Sclerosis in 
Patients With Moderate- to- Severe Gastrointestinal Dysmotility
Zsuzsanna H. McMahan,1 Robyn T. Domsic,2 Lei Zhu,2 Thomas A. Medsger,2 Livia Casciola-Rosen,1 and  
Ami A. Shah1

Objective. To examine the association of anti–RNPC- 3 antibodies in patients with systemic sclerosis (scleroder-
ma or SSc) with selected gastrointestinal (GI) tract complications.

Methods. Sera from patients with SSc with or without severe GI dysfunction (total parenteral nutrition depen-
dence) from the Johns Hopkins Scleroderma Center were screened for anti–RNPC- 3 antibodies. We then exam-
ined anti–RNPC- 3–positive cases and negative SSc controls from the University of Pittsburgh and the University of 
Pittsburgh Medical Center (UPMC) scleroderma cohort to confirm our findings and to examine whether specific GI 
features were associated with anti–RNPC- 3  antibodies.

Results. In the discovery cohort, patients with SSc with severe GI dysfunction (n = 37) and without GI dysfunction 
(n = 38) were screened for anti–RNPC- 3 antibodies. The former were more likely to have anti–RNPC- 3 antibodies 
(14% versus 3%; P = 0.11). In the Pittsburgh cohort, moderate- to- severe GI dysfunction (Medsger GI score ≥2) was 
present in 36% of anti–RNPC- 3–positive patients versus 15% of anti–RNPC- 3–negative patients (P ≤ 0.01). Anti– 
RNPC- 3–positive patients were more likely to be male (31% versus 15%; P = 0.04), African American (18% versus 
6%; P = 0.02), have esophageal dysmotility (93% versus 62%; P < 0.01), and interstitial lung disease (ILD) (77% ver-
sus 35%; P < 0.01). After adjusting for relevant covariates and potential confounders, moderate- to- severe GI disease 
was associated with anti–RNPC- 3 antibodies (odds ratio [OR] 3.8 [95% confidence interval (95% CI) 1.0–14.3]), and 
ILD trended toward significance (OR 2.8 [95% CI 1.0–8.2]).

Conclusion. Patients with SSc and anti–RNPC- 3 antibodies are more likely to be male and African American and 
to have moderate- to- severe GI disease and ILD. Further studies on larger patient cohorts may be helpful in further 
defining subsets of patients with SSc at risk for severe GI involvement.

INTRODUCTION

Gastrointestinal (GI) dysfunction is the most common inter-
nal complication of systemic sclerosis (SSc), affecting ≥90% of 
patients. The heterogeneity among patients with GI dysfunction is 
striking, because some patients have upper GI dysmotility, others 
have lower GI dysmotility, and still others have both (1).

Small nuclear ribonucleoproteins (RNPs) are recognized 
 targets of the autoimmune response in SSc. While the protein 

portion of the complex is the most common target of the autoim-
mune response, distinct RNPs (e.g., U3 RNP, U1 RNP), are also 
well recognized. Recent reports (2,3) suggest that an association 
between anti–RNPC- 3 (i.e., anti–U11/U12 RNP) antibodies and 
GI dysmotility in SSc may exist. However, one of these studies 
focused on a selected patient group (patients with SSc with can-
cer), limiting the generalizability of the findings (2,3). Furthermore, 
neither study assessed the association with distinct GI outcomes 
(2,3).
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In the current study, we sought to determine whether anti–
RNPC- 3 antibodies in SSc associate with severe GI dysmotility 
and with specific GI dysmotility complications. We initially com-
pared patients on total parenteral nutrition (TPN) with asymp-
tomatic patients from the Johns Hopkins Scleroderma Center and 
found that anti–RNPC- 3 antibodies are more prevalent among 
the former group. We then sought to confirm and expand this 
finding by comparing GI severity and examining the prevalence 
of specific GI complications in anti–RNPC- 3–positive and anti–
RNPC- 3–negative patients from the University of Pittsburgh and 
UPMC scleroderma cohort.

PATIENTS AND METHODS

Patients. The discovery cohort included all patients with SSc 
with severe GI dysfunction (requiring TPN) and patients with SSc 
without symptoms of GI dysfunction (modified Medsger severity 
score of 0) in the Johns Hopkins Scleroderma Center database 
(4). All patients meeting these GI criteria were included if they had 
both clinical data and banked serum, and met the 1980 American 
College of Rheumatology (ACR) criteria, the 2013 ACR/European 
League Against Rheumatism criteria, or at least 3 of 5 features of 
CREST syndrome (calcinosis, Raynaud’s phenomenon, esopha-
geal dysmotility, sclerodactyly, telangiectasia) (5–7). Clinical charts 
of the cases and controls were reviewed to obtain details on SSc 
GI signs, symptoms, and severity, as well as to review all available 
objective GI tests. Because this study was specifically focused on 
GI dysmotility, patients with gastric antral vascular ectasia were 
excluded. All study patients were evaluated as part of routine 
 clinical care at the Johns Hopkins Scleroderma Center.

As our initial analysis suggested an association between 
anti–RNPC- 3 antibodies and severe SSc GI dysmotility, we 
subsequently performed a case–control study to confirm these 
findings using the University of Pittsburgh scleroderma cohort. 
All anti–RNPC- 3–positive patients (cases) in the Pittsburgh data-
base, first evaluated between 1980 and 2015, were identified 

and then matched to the next 3 consecutive anti–RNPC- 3–neg-
ative patients with SSc (controls) evaluated in the clinic. The 
most extreme points in the Pittsburgh database were used to 
capture phenotype. GI severity (moderate to severe; Medsger 
severity score of ≥2) and the prevalence of specific GI charac-
teristics were compared between groups. All cases and con-
trols met the SSc classification criteria described above. Written 
informed consent was obtained from all patients at both sites. 
The institutional review boards of Johns Hopkins University and 
University of Pittsburgh approved this study.

Clinical phenotyping. The Johns Hopkins Scleroderma 
Center (discovery cohort). The center’s database captures demo-
graphic and detailed clinical data at the first encounter and every 
6 months thereafter at follow- up visits. Disease duration was 
defined as the time from the first symptom (Raynaud’s or non- 
Raynaud’s) that was attributed to SSc by the treating physician, 
to the date of serum sample collection (sample tested for anti–
RNPC- 3 antibodies). Patients were classified as having diffuse or 
limited SSc, based on the extent of skin involvement. Cutane-
ous thickening proximal to the elbows and knees or involving the 
trunk at any time during the illness is considered diffuse SSc, and 
thickening that is always located only distal to the elbows and 
knees is considered limited SSc. Objective evidence of severe 
GI dysmotility was determined by physician documentation in 
the clinical notes and/or the presence of ≥1of the  following: 1) 
esophageal dysmotility as determined by hypomotility or abnor-
mal lower esophageal sphincter on esophageal manometry, 
esophageal dilation on esophagogastroduodenoscopy, dilation 
of the esophagus on fluoroesophagopharyngogram, esopha-
geal transit delay on scintigraphy- based whole gut transit study, 
patulous esophagus on computed tomography (CT) chest 
scan, or esophageal hypomotility identified on barium swallow;  
2) gastroparesis as determined by delayed gastric emptying on 
a scintigraphy- based gastric emptying study or whole gut tran-
sit study; 3) small bowel dysmotility as determined by distention, 
dilation, pseudo- obstruction, or pneumatosis intestinalis and/or 
air fluid levels on an abdominal radiograph or CT scan, dilation 
and/or markedly delayed small bowel transit on upper GI small 
bowel series, hydrogen breath test documenting small bowel 
bacterial overgrowth, small bowel follow- through confirming 
the presence of dilated intestinal loops with features of pseudo- 
obstruction, or hypomotility in the small bowel as determined by 
scintigraphy- based whole gut transit study; or 4) colonic dysmotil-
ity as defined by abnormal motility on a sitz marker study, abdom-
inal  radiograph or CT scan demonstrating dilated loops of colon, 
or a barium enema with dilated air- filled colon, or colonic hypomo-
tility as determined by scintigraphy- based whole gut transit study.

Cardiac involvement was defined by a score of ≥1 on the 
Medsger severity scale (4,8). Skin involvement was scored with 
the maximum modified Rodnan skin score (range 0–51). Skeletal 
myopathy was considered present when patients had an abnormal 

SIGNIFICANCE & INNOVATIONS
• Anti–RNPC-3 antibody–positive patients are sig-

nificantly more likely to have moderate-to-severe 
gastrointestinal (GI) dysfunction, even after adjust-
ment for relevant covariates.

• Esophageal dysmotility is more prevalent among 
anti–RNPC-3 antibody–positive patients with sys-
temic sclerosis (SSc).

• Antibody status may inform GI risk stratification 
and associate with specific GI clinical complications 
in patients with SSc.

• Very high rates of interstitial lung disease in  
anti–RNPC-3 antibody–positive patients are further 
confirmed in this study.
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creatinine phosphokinase and muscle weakness and/or abnormal 
electromyography test, magnetic resonance imaging (MRI) result, 
or muscle biopsy result (8). Pulmonary function was determined 
based on findings on pulmonary function tests (minimum forced 
vital capacity [FVC] and minimum single breath diffusing capacity 
for carbon monoxide at any visit) (9,10). Estimated right ventricular 
systolic pressure was measured by echocardiogram and obtained 
as part of routine clinical screening for pulmonary hypertension; 
the maximum value at any visit was used for analysis. Sicca 
symptoms were defined as previously described (11). Renal crisis 
was confirmed by renal biopsy in the context of an acute symp-
tomatic increase in blood pressure. All antibody data, outside of 
anti–RNPC- 3 status, were obtained from the immunoblot assay, 
systemic sclerosis profile (EUROIMMUN), which was performed on 
the baseline serum sample.

University of Pittsburgh Scleroderma Center (confirmatory 
cohort). The Pittsburgh database contains demographic and 
clinical data, including SSc subtype, organ system symptoms, 
and objective testing at baseline. The approach to clinical phe-
notyping of the Pittsburgh patients was consistent with those 
described for the Johns Hopkins scleroderma cohort, with the 
exception of small differences in the GI, interstitial lung disease 
(ILD), and myopathy outcomes and calculation of disease dura-
tion. In this cohort, moderate- to- severe GI dysmotility was de-
fined by distal esophageal aperistalsis, antibiotics for bacterial 
overgrowth, the presence of malabsorption syndrome, episodes 
of pseudo- obstruction, or the requirement for hyperalimentation 
(Medsger GI severity score ≥2). Given the heterogeneity of SSc GI 
findings, specific upper and lower GI outcomes were also record-
ed. The outcomes collected in the Pittsburgh database include 
patient- reported symptoms of acid reflux (heartburn), patient- 
reported symptoms of distal dysphagia for solid foods, esopha-
geal dysmotility on imaging, hypomotility or the presence of small 
bowel dilatation on radiographic studies, the initiation of antibiot-
ics for small intestinal bacterial overgrowth, or physician- judged 
malabsorption syndrome and/or the presence of dilated loops of 
bowel on a radiographic study. The presence of ILD was defined 
by radiographic evidence of bibasilar fibrosis and/or FVC <70% 
without obstructive findings. FVC was also analyzed as a longitu-
dinal variable, using the lowest recorded percent predicted FVC 
in each patient. Muscle involvement was defined by the presence 
of proximal muscle weakness on physical examination (Medsger 
score ≥1), and creatine kinase levels >2 times the upper limit, 
and/or abnormal electromyography, MRI result, or muscle biopsy 
result consistent with myopathy. Disease duration was calculated 
from the date of any first symptom to the time of the first visit.

Anti–RNPC- 3 antibody assay. In the discovery cohort, 
anti–RNPC- 3 antibodies were assayed by immunoprecipitation of 
35S- methionine–labeled protein generated by in vitro transcription/
translation (IVTT) from cDNA encoding full length RNPC- 3 (Origene 
Technologies) (12). These antibodies were assayed in the Pitts-

burgh cohort using serum samples from the first visit as described 
 previously (3). Because the assays used by the 2 centers were differ-
ent, all Pittsburgh cases with an available banked serum sample (n = 
41 of 49) and a sample of 15 randomly selected Pittsburgh controls 
were re- assayed by immunoprecipitation using RNPC- 3 generated 
by IVTT at the Johns Hopkins site. Anti–RNPC- 3 antibodies were 
confirmed in 39 of 41 of the Pittsburgh cases, and were not pres-
ent in any of the 15 controls tested. Pittsburgh cases in which the 
anti–RNPC- 3 antibody status was not confirmed at Johns Hopkins 
(n = 2) or when sera were unavailable for re- assay (n = 8), and their 
corresponding controls were excluded from the analysis.

Statistical analysis. In the first case–control analysis 
(Johns Hopkins), the outcome of interest was severe GI dysmo-
tility (dependent variable) defined as severe GI dysmotility (e.g., 
requiring TPN; Medsger GI severity score of 4) versus no symp-
toms of GI dysmotility (modified Medsger GI severity score of 0). In 
the confirmatory case–control analysis, we examined the associ-
ation between anti–RNPC- 3–positive status (depen dent variable) 
and the severity of SSc GI dysmotility (GI Medsger severity score 
≥2), specific GI complications, and other non- GI clinical features. 
Pearson’s correlation tests for parametric continuous variables 
and Spearman’s correlation tests for non parametric continuous 
variables were conducted. Evaluation for associations between 
dichotomous variables was done using chi- square or Fisher’s 
exact tests. Comparisons of continuous variables were per-
formed using Student’s t- test (parametric data) and Wilcoxon’s 
signed- rank test (nonparametric data) of matched samples. The 
association of GI severity and specific GI complications with 
anti–RNPC- 3–positive status was evaluated using conditional 
logistic regression models consisting of the anti–RNPC- 3 status 
indicator and potential covariates. We then constructed mod-
els to explore the association between moderate- to- severe GI 
disease and anti–RNPC- 3 antibodies in SSc and included the 
following: unadjusted model with only the GI severity variable; 
a simple adjusted conditional logistic model adjusting for age, 
race, and GI severity; and an adjusted conditional logistic model 
using covariates included by backwards selection. For the back-
wards elimination, we compared the P value with a preselected 
significance level, 0.2. If the value was statistically nonsignificant, 
then the variable got dropped.  Akaike’s information criterion 
and likelihood ratio tests were used for selecting the best- fitted 
model. Statistical computing was conducted using Stata soft-
ware, version 14.0, and SAS software, version 9.4. P values less 
than 0.05 were considered significant.

RESULTS

Discovery study evaluating the association between 
severe SSc GI dysmotility and anti–RNPC- 3 antibodies 
in the Johns Hopkins cohort. SSc sera from 37 patients with 
severe GI dysmotility (requiring TPN) and 38 patients without symp-
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toms and/or objective findings of GI dysmotility (modified Medsger 
GI severity score of 0) were assayed for antibodies to RNPC- 3. All 
cases and none of the controls were confirmed to have severe GI 
dysmotility requiring TPN, as documented in the physician notes. 
In addition, 78% of cases (29 of 37) had objective testing reports 
available for review, also supporting the presence of GI dysmotil-
ity. The symptoms associated with TPN initiation were progressive 
weight loss, dysphagia, malabsorption, and/or recurrent pseudo- 
obstruction, which occurred in the context of severe GI dysmotility.

Table  1 shows the clinical features of these 2 groups.  
Anti–RNPC- 3 antibodies were more frequently detected in 
patients with severe GI dysmotility compared to controls (14% 
versus 3%; P = 0.11). Patients in the severe GI group were sig-
nificantly more likely to be male (38% versus 16%; P = 0.031), 
African American (43% versus 13%; P ≤ 0.01), have diffuse 
 disease (65% versus 34%; P ≤ 0.01), myopathy (24% versus 
5%; P = 0.05), and anti–U3 RNP antibodies (12% versus 0%; 
P = 0.05). Patients with severe GI symptoms were significantly 

Table 1. Demographic disease and autoantibody characteristics of the 37 systemic sclerosis patients with severe 
gastrointestinal (GI) dysfunction (total parenteral nutrition dependence), and the 38 patients without symptoms of GI 
dysfunction in the discovery cohort (Johns Hopkins Scleroderma Center)*

Variable
Severe GI 
(n = 37)

No GI 
(n = 38) P

Age, mean ± SD years (range 23–89) 53.7 ± 15.3 53.9 ± 16.1 0.95
Male 37.8† 15.8† 0.03†
African American 43.2† 13.2† <0.01†
Ever smoker 46.0 52.6 0.56
Cutaneous subtype, diffuse‡ 64.9† 34.2† <0.01†
Disease duration, median (IQR) years (range 0.4–46)§ 8.6 (4–20) 6.8 (3–16) 0.70
Modified Rodnan skin score, median (IQR) (range 0–47)‡ 12.0 (4–30) 5.5 (3–22) 0.06
Raynaud’s phenomenon >1‡ 67.6 50.0 0.12
Lung involvement ≥1‡ 86.5 68.4 0.10
Cardiac involvement ≥1‡ 43.2 26.3 0.12
Skeletal myopathy, no. (%)‡ 13 (35.1)† 5 (13.2)† 0.03†
Tendon friction rub, no. (%)‡ 35 (20.0) 36 (16.7) 0.72
Renal crisis, no./total (%)‡ 3/34 (8.8) 0 (0.0) 0.10
Sicca complex‡ 59.5 39.5 0.08
Pulmonary function, mean ± SD

Minimum FVC, % predicted 62.8 ± 21.4 
(n = 35)

72.2 ± 23.1 
(n = 35)

0.08

Minimum DLco, % predicted 60.1 ± 29.6 
(n = 34)

67.7 ± 29.0 
(n = 34)

0.29

RVSP, median (IQR) mm Hg 39.3 (35–44) 
(n = 34)

35.0 (28–50) 
(n = 27)

0.38

Autoantibodies, no./total (%)
Anti–topoisomerase- 1 4/34 (11.8) 7/36 (19.4) 0.52
Anticentromere 6/34 (17.7) 11/36 (30.6) 0.27
Anti–RNA polymerase 3 1/34 (2.9) 9/36 (25.0) 0.01†
Anti–Ro 52 10/34 (29.4) 12/36 (33.3) 0.80
Anti- Ku 1/34 (2.9) 2/36 (5.6) 1.00
Anti–Pm- Scl 0/34 (0.0) 2/36 (5.6) 0.49
Anti- ThTo 1/34 (2.9) 3/36 (8.3) 0.62
Anti–U3 RNP 4/34 (11.8) 0/36 (0.0) 0.05†
Anti–RNPC- 3 5/37 (13.5) 1/38 (2.6) 0.11

* Values are the percentage, unless indicated otherwise. IQR = interquartile range; FVC = forced vital capacity; DLco = 
diffusing capacity for carbon monoxide; RVSP = right ventricular systolic pressure. 
† Statistically significant. 
‡ Maximum Medsger severity score ever recorded in the database; FVC and DLco are represented by the minimum 
values ever recorded. 
§ Disease duration from any first symptom to the date of the serum sample collection. 
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less likely to have anti–RNA pol 3 antibodies (3% versus 25%; 
P = 0.01). Two patients in the severe GI group were double- 
positive for antibodies, having both anti–RNPC- 3 antibodies, 

and antibodies to either Ro 52 or PM- Scl.

Confirmatory study defining specific GI character-
istics associated with anti–RNPC- 3–positive patients 
with SSc in the Pittsburgh cohort. Since the number of anti–
RNPC- 3 antibody–positive patients in the Johns Hopkins discov-
ery study was small, but anti–RNPC- 3 antibodies were >4 times 
more frequent than expected in the severe GI group, we pursued 
additional analyses to understand this association using the cur-
rent Pittsburgh scleroderma cohort. This cohort is larger than 
the original published cohort that demonstrated anti–RNPC- 3 
(anti–U11/U12 RNP) antibodies as an important specificity in SSc 
(3), and included 39 anti–RNPC- 3 antibody–positive cases and 
their 3:1 matched anti–RNPC- 3–negative controls (n = 117) (see 
Patients and Methods).

Age, disease duration, and disease subtype were 
not significantly different between anti–RNPC- 3 antibody– 
positive and –negative patients in the Pittsburgh cohort (Table 2). 
Anti–RNPC- 3 antibody–positive patients were more likely to be 
African American (18% versus 6%; P = 0.02) and male (31% 
versus 15%; P = 0.04). Likewise, they were more likely to have 
moderate- to- severe GI dysfunction (36% versus 15%; P ≤ 0.01). 
Twenty- four of the 31 patients (77%) with significant GI dysmo-
tility (Medsger score ≥2) had confirmatory objective testing avail-
able in the database. Anti–RNPC- 3  antibody–positive patients 
were also more likely to have ILD (77% versus 35%; P < 0.01), 
and the FVC was significantly lower in anti–RNPC- 3–positive 
cases compared to controls (67% predicted versus 76% pre-
dicted; P = 0.03). The distribution of other clinical features did 

not differ between groups (Table 2).
We then examined the specific GI features associated with 

anti–RNPC- 3 antibodies in the Pittsburgh cohort (see Supple-
mentary Table 1, available on the Arthritis Care & Research web 
site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23763/ 
abstract). Anti–RNPC- 3–positive patients were significantly 
more likely to have esophageal dysmotility (92.6% versus 
62.3%; P < 0.01), as defined by evidence of esophageal dys-
motility on imaging or manometry, although the presence of 
distal dysphagia and heartburn were not significantly different 
between groups. There was no significant difference between 
the presence of other features of GI disease and the presence 
of anti–RNPC- 3 antibodies. Although the number of patients 
studied was small, all comparisons favored higher frequencies 
of objective small intestinal involvement in anti–RNPC- 3 anti-
body–positive patients.

We then sought to determine whether the association 
between clinical variables and anti–RNPC- 3 antibodies from the 
bivariate analysis remained after adjusting for relevant covariates 
and potential confounders. In the unadjusted model (model 1), 

moderate- to- severe GI disease was associated with a 3.8- times 
increased odds of having anti–RNPC- 3 antibodies (95% confi-
dence interval [95% CI] 1.5–9.8). In the simple adjusted model 
(model 2), which was adjusted for age, race, and GI severity 
covariates, moderate- to- severe GI disease was again associ-
ated with a 3.8- times increased odds of having anti–RNPC- 3 
antibodies (95% CI 1.4–10.0). However, there was no significant 
association for age (odds ratio [OR] 1.0 [95% CI 0.95–1.0]) or 
African American race (OR 2.4 [95% CI 0.7–8.5]). In the fully 
adjusted model (model 3; covariates selected by backwards 
selection), patients with moderate- to- severe GI disease contin-
ued to have a 3.8- times increased risk of having anti–RNPC- 3 
antibodies  (95% CI 1.0–14.3) (Table  3). There was no detect-
able change in the risk of having anti–RNPC- 3 antibodies per 
year increase in age at first visit (OR 1.0 [95% CI 0.94–1.01]), or 
with African American race (OR 5.6 [95% CI 0.6–48.7]), diffuse 
cutaneous disease (OR 1.9 [95% CI 0.8–4.8]), or myopathy (OR 
0.1 [95% CI 0.0–0.8]). An association with ILD trended toward 

significance (OR 2.8 [95% CI 1.0–8.2]).

DISCUSSION

This study evaluated the association between the sever-
ity of GI dysmotility and anti–RNPC- 3 antibodies and whether 
specific GI complications were more frequent in connection 

Table  2. Clinical characteristics of anti–RNPC- 3–positive and  
–negative patients in the confirmation study (University of Pittsburgh 
scleroderma cohort)*

Variable

Anti–RNPC- 3 
positive 
(n = 39)

Anti–RNPC- 3 
negative 
(n = 117) P

Age, mean ± SD 
years 

47.1 ± 13.4† 52.4 ± 14.8† 0.05†

Male 31† 15† 0.04†
African American 18† 6† 0.02†
Cutaneous subtype, 

diffuse‡
56 44 0.17

Disease duration, 
median (IQR) 
years§

3.1 (2.0–5.7) 4.4 (1.1–14.0) 0.91

Moderate- to- severe 
GI disease

36† 15† <0.01†

Interstitial lung 
disease

77† 35† <0.01†

Skeletal myopathy‡ 5 14 0.15
Minimum FVC, % 

predicted,  
mean ± SD

66.8 ± 22.2  
(n = 38)

76.3 ± 21.0  
(n = 82)

0.03†

* Values are the percentage, unless indicated otherwise. IQR = in-
terquartile range; GI = gastrointestinal; FVC = forced vital capacity. 
† Statistically significant. 
‡ Maximum ever Medsger severity score in the database. 
§ From any first symptom to first visit. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23763/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23763/abstract
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with this autoantibody subset. In our initial discovery analysis, 
we screened for anti–RNPC- 3 antibodies and compared their 
prevalence among patients with SSc with severe GI dysmotility 
(TPN dependence) and those patients without symptoms of GI 
dysmotility. We found that the frequency of anti–RNPC- 3 anti-
bodies is increased in the severe GI SSc population compared 
with patients with SSc without symptoms of GI dysmotility 
(14% versus 3%), consistent with findings in the published lit-
erature (3). We then further explored the association between 
anti–RNPC- 3 antibodies and GI dysmotility using a second 
cohort (Pittsburgh) and demonstrated an association between 
these antibodies and the presence of moderate- to- severe GI 
disease and esophageal dysmotility, confirmed by objective 
testing. These data suggest that anti–RNPC- 3 antibodies are 
a marker of clinically important GI dysmotility in SSc.

The association between anti–RNPC- 3 antibodies and both 
pulmonary fibrosis and esophageal dysmotility in SSc is inter-
esting. High rates of ILD are reported in association with anti–
RNPC- 3 antibodies in SSc, with anti–RNPC- 3 antibody–positive 
patients having an estimated 70% prevalence of ILD (3). In addi-
tion, recent studies suggest that microaspiration in patients with 
SSc with uncontrolled reflux could contribute to the development 
of pulmonary fibrosis (13–15). Anti–RNPC- 3 antibodies may iden-
tify a specific subset of patients at higher risk for microaspiration 
who would benefit from more aggressive gastroesophageal reflux 
disease management.

Our study confirms and extends observations made in 2 
earlier reports. These earlier studies were limited by single- 
center assessments (3) and cancer bias in sample selection 
(2), and they did not examine GI complications as the primary 
outcome measure (2,3). The current study used the power 
of 2 large, carefully phenotyped SSc observational cohorts 

to examine the association between anti–RNPC- 3 antibody–
positive status, GI tract involvement severity, and specific GI 
complications. Narcotic use prior to the initiation of TPN was 
not widely available across the cohort and thus limited our 
analysis in this regard. Our study was limited by its retrospec-
tive design, because not all patients had complete GI assess-
ments with objective testing (usually due to lack of symptoms 
warranting clinical testing). Prospective longitudinal data are 
needed to confirm our findings.

An association between anti–RNPC- 3 antibodies, GI tract 
involvement severity, and specific GI dysmotility characteristics 
exists in patients with SSc. This association occurs alongside 
a very high rate of ILD. Further studies examining the use of 
anti–RNPC- 3 antibodies as biomarkers for risk stratification of 
GI dysmotility in patients, and detailed studies of association of 
GI severity and ILD in patients with SSc should be performed.
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Table 3. Statistical models evaluating the association between anti–RNPC- 3–positive patients with systemic sclerosis and the presence of 
moderate- to- severe gastrointestinal (GI) disease in the confirmatory study (University of Pittsburgh scleroderma cohort)*

Characteristic
Unadjusted conditional  

logistic: model 1
Conditional logistic adjusted 
for age and race: model 2

Conditional logistic adjusted 
for significant covariates: 

model 3†

Significant GI dysfunction
Medsger GI score <2 1.00 1.00 1.00
Medsger GI score ≥2 3.84 (1.50–9.83) 3.79 (1.43–10.02) 3.81 (1.02–14.28)

Race
Non– African American 1.00 1.00 1.00
African American 3.58 (1.11–11.48) 2.36 (0.65–8.54) 5.59 (0.64–48.7)

Diffuse cutaneous disease 1.61 (0.80–3.25) – 1.90 (0.75–4.78)
Interstitial lung disease 5.85 (2.33–14.65) – 2.79 (0.95–8.19)
Myopathy 0.36 (0.08–1.61) – 0.07 (0.01–0.75)
Age at visit 1 0.97 (0.95–1.00) 0.97 (0.95–1.00) 0.97 (0.94–1.01)

* Values are the odds ratio (95% confidence interval). 
† Adjusted conditional logistic regression model, adjusted for age and race, interstitial lung disease, diffuse cutaneous disease, and myopa-
thy. Those covariates were selected by backwards selection. 
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B R I E F  R E P O R T

Characteristics of Usual Physical Therapy Post- Total Knee 
Replacement and Their Associations With Functional 
Outcomes
Carol A. Oatis,1  Joshua K. Johnson,2 Traci DeWan,3 Kelly Donahue,4 Wenjun Li,5 and Patricia D. Franklin5

Objective. Although total knee replacement (TKR) surgery is highly prevalent and generally successful, functional 
outcomes post- TKR vary widely. Most patients receive some physical therapy (PT) following TKR, but PT practice 
is variable and associations between specific content and dose of PT interventions and functional outcomes are 
unknown. Research has identified exercise interventions associated with better outcomes but studies have not as-
sessed whether such evidence has been translated into clinical practice. We characterized the content, dose, and 
progression of usual post- acute PT services following TKR, and examined associations of specific details of post- 
acute PT with patients’ 6- month functional outcomes.

Methods. Post- acute PT data were collected from patients who were undergoing primary unilateral TKR and par-
ticipating in a clinical trial of a phone- based coaching intervention. PT records from the terminal episode of care were 
reviewed and utilization and exercise content data were extracted. Descriptive statistics and linear regression models 
characterized PT treatment factors and identified associations with 6- month outcomes.

Results. We analyzed 112 records from 30 PT sites. Content and dose of specific exercises and incidence of pro-
gression varied widely. Open chain exercises were utilized more frequently than closed chain (median 21 [interquartile 
range (IQR) 4–49] versus median 13 [IQR 4–28.5]). Median (IQR) occurrence of progression of closed and open chain 
exercise was 0 (0–2) and 1 (0–3), respectively. Shorter timed stair climb was associated with greater total number of 
PT interventions and use and progression of closed chain exercises.

Discussion. Data suggest that evidence- based interventions are underutilized and dose may be insufficient to 
obtain optimal outcomes.

INTRODUCTION

Over 690,000 primary total knee replacement (TKR) surger-
ies were performed in the US in 2012 to relieve pain and restore 
physical function in patients with advanced knee arthritis, accord-
ing to the Centers for Disease Control and Prevention. However, 
studies suggest that more than one- third of patients receiving TKR 
report little or no improvement in function (1). Following hospital 
discharge post- TKR, rehabilitation is a routine intervention, with 
75–85% of patients receiving physical therapy (PT) (2). Guidelines 
consistently include post- acute rehabilitation (3–5), yet there is no 

accepted standard program of PT care and little is known about 
the contributions of rehabilitation to long- term outcomes.

Wide variation exists in the amount and form of PT following 
TKR (2,6–8). Little information exists about when or if PT should 
be provided, and which PT components are most beneficial. 
Evidence- based guidance is needed to decrease unwarranted 
treatment variation and optimize outcomes.

Consensus exists on the need to increase knee strength and 
range of motion (ROM) (3,5), but little agreement exists on the 
kinds and amount of exercises used. In a recent study, no consen-
sus was found among patients, therapists, and surgeons on PT 
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treatment duration, intensity, or frequency in rehabilitation post- 
TKR (3). Clinical trials demonstrate improved functional outcomes 
with quadriceps strengthening following TKR (9), but assess-
ment of strengthening regimens suggest that many PT exercise 
interventions following TKR lack sufficient intensity to produce 
physiologic benefits (4,10). Our own data demonstrated that the 
strengthening exercises documented in PT records following TKR 
varied widely and approximately 25% of records had no docu-
mentation of progressive quadriceps strengthening (7).

In the absence of clear evidence for the contributions of post- 
acute PT following TKR, new reimbursement models may incen-
tivize a reduction in PT services. Studies suggest that patients 
following total hip replacement may not benefit from PT (11). 
Anecdotal data suggest that a similar pattern is emerging post- 
TKR.

Given the variability in amount, content, and dose of PT 
following TKR, and trends toward reduction in PT services, the 
purpose of our study was to describe the content, dose, and 
progression of post- acute PT services across multiple PT facili-
ties and to identify associations between specific details of the PT 
services and patients’ 6- month self- reported functional outcomes 
and performance measures. We focused on the type and intensity 
of exercise content delivered and the number and timing of PT vis-
its during the terminal episode of PT care following TKR surgery.

PATIENTS AND METHODS

This was a cross- sectional observational study of the 
usual course of post- acute PT provided to patients after hospi-
tal  discharge for TKR. Data were obtained from PT records of 

individuals enrolled in the Joint Action Randomized Clinical Trial 
study at the University of Massachusetts Medical School (UMMS) 
between 2008 and 2011 (NCT00566826). The trial was designed 
to examine the effects on 6- month functional outcomes follow-
ing TKR of a behavioral intervention that consisted of up to 12 
telephone- delivered coaching sessions focused on at- home self- 
management strategies to enhance post- TKR recovery. Neither 
the patient’s surgeon nor PT providers were aware of the patients’ 
random allocation. The intervention did not influence PT care. The 
methods have been described elsewhere (12). The study was 
approved by the Institutional Review Boards of UMMS and Arca-
dia University.

Participants were consecutively enrolled from all individ-
uals ages 21 years or older who were scheduled for primary 
TKR surgery at the Arthritis and Joint Replacement Center of 
the UMass Memorial Medical Center. Subjects were eligible if 
they had a primary unilateral TKR for osteoarthritis. Exclusion 
criteria included inflammatory arthritis, coexisting conditions 
preventing functional improvement, and cognitive impair-
ments. More than 95% of eligible patients enrolled. Partici-
pants signed releases allowing review of their health records 
during the study period. Participants in the study received 
usual operative and rehabilitation care according to their own 
personal preferences and those of clinicians.

Baseline variables were collected prior to surgery, including 
age, sex, physical comorbid conditions, and body mass index 
(BMI). Mental and physical health status and function were col-
lected at baseline and 6- months postsurgery using the mental 
component scores (MCS) and the physical component scores 
(PCS) of the Short Form 36 health survey and the joint specific 
Western Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC).

Outcome measures at 6 months included the functional sub-
score of the WOMAC and knee performance measures consisting 
of the timed stair climb (TSC) and knee flexion ROM. The TSC was 
measured as the time in seconds required to ascend and descend 
a standard flight of stairs of 10 steps. Instructions to the patient 
were standardized and the patient was allowed to use the railing or 
assistive device as needed. ROM was measured in degrees using 
an inclinometer. With the patient lying supine, the hip on the side 
of the index knee was flexed to 90°. The patient actively flexed 
the knee as far as tolerated. The inclinometer was placed on the 
medial surface of the mid shaft of the tibia (Figure 1). Flexion ROM 
equaled the inclinometer reading plus 90°.

All performance measures were collected by 1 of 2 physical 
therapists, and interrater reliability of the performance measures 
was assessed using 7 patients post- TKR or with knee osteoar-
thritis for the TSC reliability testing, and 9 patients for the ROM 
test. ROM reliability was reassessed regularly throughout the 
study. Interrater reliability (2,1) for the TSC was 0.90. Interrater 
reliability of flexion ROM was 0.94 and remained >0.85 for the 
entire study.

SIGNIFICANCE & INNOVATIONS
• Although physical therapy (PT) is widely used fol-

lowing total knee replacement (TKR), treatment is 
extremely variable, lacking any standardized ap-
proach in practice. The contribution of “usual phys-
ical therapy” to functional outcomes is unknown.

• In the absence of evidence identifying optimal con-
tent and dose of PT, new reimbursement models 
may reduce the use of PT postoperatively without 
an understanding of the impact of such changes on 
functional outcomes. Pragmatic studies to identify 
optimal PT practice may have significant impact on 
both PT practice and public policy.

• To our knowledge, this is the first study to report 
the specific details of PT interventions provided in a 
clinical setting and preliminary analyses of associa-
tions with functional outcomes following TKR.

• Our data suggest that evidence-based PT interven-
tions may be underutilized in clinical practice and 
that the dose of interventions may be insufficient 
to achieve optimal outcomes.
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At least 3 dedicated arthroplasty surgeons at 1 high- volume 
center performed all TKR surgeries, using a consistent perioper-
ative protocol for inpatient care. Patients chose their PT provider 
and received usual care PT as prescribed by their health care 
provider. At their 6- month study assessment, participants listed 
the facilities where they had received PT.

The trial enrolled 180 eligible patients. Figure  2 illus-
trates the disposition of the patients for this analysis. Sixteen 
patients were excluded due to no, insufficient, or invalid PT 
facility information. PT records for the remaining 164 sub-
jects were requested from the facility where they had received 
their terminal episode of care (defined as care provided in the 
setting where the participant completed rehabilitation asso-
ciated with the TKR). We focused on the terminal episode of 
care because studies demonstrate that quadriceps muscle 
strength decreases immediately following surgery and is less 
than preoperative levels at 4 weeks post- TKR (13). Rehabili-
tation directed toward functional improvement likely occurs in 
the final rehabilitation setting.

We performed a retrospective review of each record to 
determine the number of PT visits postsurgery and the type, 
frequency, and dose of each exercise provided over the entire 
episode of care. Each exercise was listed, and exercises were 
grouped into 3 categories, including open chain, closed chain, 
and passive. In open chain exercises, the patient actively 
moved the joint while the limb was non–weight- bearing. In 
closed chain exercises, the patient actively moved the joint 
while the limb was weight bearing. In passive interventions, 
the therapist moved the limb or joint. Intervention frequency 
was the number of times that an intervention was delivered 
over the course of care. Intervention dose was the number of 
times that an intervention was progressed. Progression was 
any increase in the level of difficulty of an exercise, by chang-
ing the form of the exercise or by increasing the resistance.

Investigators with advanced PT training extracted treat-
ment data from the PT record. These extractors were trained 

to ensure that each exercise or progression was documented 
and classified in a consistent manner. Two investigators inde-
pendently reviewed each record (JKJ, TD, KD). Differences 
were resolved through discussion and if necessary adjudi-
cated by the lead PT investigator (CO).

Linear regression models assessed associations of the 
number of PT visits, PT intervention content, and frequency with 
6- month outcomes, with and without adjusting for sex, age, 
baseline PCS, and baseline WOMAC function. Descriptive sta-
tistics were used to describe patient sociodemographic and clin-
ical characteristics, and the utilization and characteristics of PT.

RESULTS

We received 159 of the 164 PT records (97%). Records 
for 112 patients (70% of records received) contained suffi-
cient intervention detail to analyze (Figure  2). Records that 
were considered to be lacking sufficient detail were those 
that were missing initial or discharge evaluations or daily 
notes, referred to protocols not included in the record, or 
were illegible. Of the 112 records analyzed, 91 records were 
from 27 outpatient facilities and 21 records were from 3 home 
care facilities.

Baseline characteristics of the 112 patients whose records 
were reviewed were similar to the national average of patients 
undergoing primary TKR (14) (Table 1). Seventy percent of par-
ticipants were women. The average age of patients was 64 years 
and average BMI was 32.8. Average PCS and MCS scores were 
33.3 and 52.8, respectively (scores can range from 0–100, with 
higher scores indicating better health). Average WOMAC pain, 
stiffness, and function were each approximately 5.0. WOMAC 
scores can range from 0–10, with 10 being the worst (14).

Figure 1. Use of an inclinometer to measure knee flexion range of 
motion (ROM).

Figure  2. Physical therapy (PT) records requested, obtained, 
and analyzed for participants in clinical trial following total knee 
replacement.

180 pa�ents 

164 records 
requested 

159 records received 
(97% of requested) 

112 records analyzed 

16 records lacked sufficient 

information to identify PT facility. 

47 records lacked details such as 

initial or discharge data, daily 

notes, specific exercise 
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From the PT records, we identified a total of 34 different inter-
ventions, including 16 closed chain, 14 open chain, and 4 passive 
exercises. Four additional exercises (biking for ROM or endur-
ance, and hamstring or plantar flexor stretches) were identified 
but lacked sufficient detail to categorize or quantify and were not 
included in the analysis.

Over the course of PT care, on average, patients had 14.5 
PT visits and 12.8 different exercise interventions, including 4.5 
closed chain exercises, 5.1 open chain exercises, and 1.8 pas-
sive interventions (Table  2). Open chain exercises were utilized 
more frequently than closed chain (median 21 [interquartile range 
(IQR) 4–49) versus median 13 [IQR 4–28.5]). Over the entire epi-
sode of care, on average, progression of open chain exercises 
was documented 2.6 times and 1.4 times for closed chain exer-
cises. The median number of progressions documented for open 

chain exercises was 1 (IQR 0–3) and was 0 (IQR 0–2) for closed 
chain exercises. Timing of the initiation of either closed or open 
chain exercises varied widely.

Considerable variation existed in the specific exercises 
documented in the PT records. Of the 16 closed chain exer-
cises identified, only squats (or wall slides) and step- ups were 
documented in >50% of the records (71% and 63%, respec-
tively). Of the 14 open chain exercises identified, only straight 
leg raises, quadriceps sets, and short arc quadriceps exer-
cises were documented in more than half the records (63%, 
57%, and 55%, respectively). Of the 4 passive exercises, pas-
sive ROM for knee extension (57%) and knee flexion (59%) 
were documented in the records.

Shorter TSC was associated with greater total numbers of 
PT interventions, closed chain interventions, PT visits in which 
closed chain exercises were performed, and closed chain pro-
gressions (Table  3). Better post- TKR knee flexion ROM was 
seen among patients who had larger total numbers of closed 
chain progressions. Worse ROM was associated with total 
number of passive interventions and duration between surgery 
and the first postoperative day on which a passive intervention 

was provided.
Adjusting for baseline characteristics did not substantially 

alter the results, although some associations were no longer sta-
tistically significant at the 5% significance level. Adjustment for sex, 
age, baseline PCS, and WOMAC function did not alter the associ-
ations between the number of closed chain exercise progressions 
and TSC. We observed an approximately 1 second decrease in 
the TSC for every closed chain progression. In  contrast, the total 
number of PT visits was not associated with knee performance 
outcomes or with WOMAC function scores.

Table 1. Baseline characteristics of patients whose records were 
reviewed and those of the entire sample*

Variable No. of patients Mean ± SD
Women 112 70.1
Age (years) 112 64.2 ± 8.4
BMI 112 32.8 ± 5.2
MCS score 112 52.8 ± 10.0
PCS score 112 33.3 ± 8.0
WOMAC†

Pain 96‡ 4.9 ± 2.0
Stiffness 92‡ 5.3 ± 2.5
Function 90‡ 4.9 ± 2.0

* BMI = body mass index; MCS = mental component scores;  
PCS = physical component scores; Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC). 
† Scores ranged from 0–10 (10 being the worst). 
‡ Some subjects lacked baseline WOMAC scores. 

Table 2. Dose of PT interventions by content*

Dosage Mean ± SD Median (IQR)
No. of PT visits 14.5 ± 8.4 12 (9.3–17.0)
No. of PT interventions 12.8 ± 5.3 13 (9–17)
Closed chain (CC)

Total no. of CC interventions 4.5 ± 2.5 4 (3–7)
Frequency of CC exercises performed 20.7 ± 23.2 13 (4–28.5)
Total no. of CC progressions 1.4 ± 2.5 0 (0–2)
First day of CC intervention initiation 33.7 ± 23.7 36 (19–43.5)
Average no. of CC exercises per visit 1.5 ± 1.7 1.2 (0.4–2.3)

Open chain (OC)
Total no. of OC interventions 5.1 ± 3.8 5 (2–8)
Frequency of OC exercises performed 30.45 ± 30.9 21 (4–49)
Total no. of OC progressions 2.6 ± 3.9 1 (0–3)
First day of OC intervention initiation 30.2 ± 15.0 32 (17.3–42)
Average no. of OC exercises per visit 2.5 ± 2.8 1.8 (0.3–4.0)

Passive interventions (PS)
Total no. of PS interventions 1.8 ± 1.2 2 (1–3)
Frequency of PS performed 13.9 ± 20.2 7 (1–19)
Total no. of PS progressions 0.05 ± 0.3 0 (0–0)
First day of PS intervention initiation 28.12 ± 17.5 32 (16–40.8)
Average no. of PS per visit 0.85 ± 0.86 0.6 (0.1–1.5)

* PT = physical therapy; IQR = interquartile range. 
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DISCUSSION

Previous studies have found little difference in effectiveness 
between “usual” PT and other interventions (15). Our data show 
wide variation in the exercise treatment that patients receive dur-
ing “usual” PT and suggest that the details of the intervention may 
be important determinants of the functional outcomes following 
TKR. To our knowledge, this is the first study to examine specific 
details of usual PT intervention and their effect on functional out-
comes 6 month after TKR.

A previous study by Westby et  al demonstrated little con-
sensus among rehabilitation specialists regarding the timing, con-
tent, or quantity of PT interventions for patients post- TKR surgery 
although there is general agreement that exercise to increase 
ROM and quadriceps strength is important (3). There is consid-

erable data supporting the effectiveness of progressive quadri-
ceps strengthening to improve long- term function following TKR 
(9). Studies also support the use of weight- bearing exercises to 
enhance functional outcomes following TKR. Medicare Current 
Procedural Terminology data from a sample of Medicare TKR 
patients demonstrate that strength and ROM exercises and mobi-
lization were the most commonly provided PT interventions post 
hospital discharge, but these data offer no details about exercise 
content or dose (6). The lack of such detail hampers the ability to 
assess the quality and effectiveness of routine PT practice.

The data presented in the current study confirm the wide 
variations in timing, content, and amount of PT in current practice 
and support the use of weight- bearing exercises and progres-
sions to improve 6- month knee performance outcomes follow-

Table 3. Associations of overall and content- specific dose of PT interventions with functional improvement at 6 months post TKR*

Predictors

Timed Stair Climb WOMAC Function Subscale Knee Flexion ROM

Crude Adjusted Crude Adjusted Crude Adjusted
No. of PT visits –0.11  

(–0.38, 0.16)
–0.14  

(–0.38, 0.09)
0.14  

(–0.13, 0.42)
0.18  

(–0.11, 0.46)
–0.28  

(–0.64, 0.08)
–0.27  

(–0.62, 0.08)
No. of PT interv. –0.49  

(–0.87, –0.10)†
–0.20  

(–0.57, 0.17)
–0.05  

(–0.49, 0.39)
–0.04  

(–0.51, 0.44)
0.10  

(–0.44, 0.63)
0.03  

(–0.53, 0.59)
Closed chain (CC)

Total CC interv. –0.97  
(–1.81, –0.14)†

–0.46  
(–1.25, 0.32)

–0.36  
(–1.29, 0.57)

–0.47  
(–0.147, 0.53)

0.23  
(–0.95, 1.40)

–0.06  
(–1.25, 1.13)

Total visits  
completing CC

–0.09  
(–0.18, –0.01)†

–0.05  
(–0.13, 0.03)

–0.03  
(–0.13, 0.07)

–0.02  
(–0.13, 0.08)

0.06  
(–0.05, 0.18)

0.03  
(–0.10, 0.15)

Total CC progres-
sions

–0.99  
(–1.78, –0.20)†

–0.70  
(–1.38, –0.02)†

–0.83  
(–1.78, 0.12)

–0.96  
(–1.97, 0.05)

1.49  
(0.44, 2.54)‡

1.53  
(0.48, 2.58)‡

1st day of CC  
interv. initiation

0.06  
(–0.10, 0.22)

0.04  
(–0.10, 0.18)

0.08  
(–0.02, 0.19)

0.11  
(–0.01, 0.22)

–0.14  
(–0.34, 0.06)

–0.18  
(–0.39, 0.04)

Ratio of CC visits to 
total visits

–1.45  
(–3.08, 0.17)

–0.54  
(–2.07, 0.99)

0.009  
(–1.40, 1.42)

–0.03  
(–1.54, 1.48)

1.99  
(–0.17, 4.13)

1.57  
(–0.65, 3.78)

Open Chain (OC)
Total OC interv. –0.30  

(–0.87, 0.27)
–0.06  

(–0.59, 0.47)
0.08  

(–0.55, 0.70)
0.09  

(–0.56, 0.74)
0.24  

(–0.54, 1.03)
0.30  

(–0.49, 1.09)
Total visits  

completing OC
–0.02  

(–0.08, 0.05)
–0.01  

(–0.07, 0.05)
0.04  

(–0.03, 0.12)
0.05  

(–0.03, 0.13)
0.03  

(–0.06, 0.12)
0.04  

(–0.05, 0.13)
Total OC  

progressions
–0.16  

(–0.75, 0.42)
–0.40  

(–0.89, 0.08)
0.04  

(–0.60, 0.68)
0.02  

(–0.64, 0.69)
0.39  

(–0.36, 1.13)
0.46  

(–0.30, 1.23)
1st day of OC  

interv. initiation
0.08  

(–0.08, 0.24)
0.07  

(–0.07, 0.22)
0.16  

(–0.01, 0.34)
0.16  

(–0.01, 0.34)
–0.06  

(–0.27, 0.15)
–0.12  

(–0.34, 0.11)
Ratio of OC visits to 

total visits
–0.09  

(–1.08, 0.90)
0.03  

(–0.84, 0.91)
0.41  

(–0.41, 1.24)
0.43  

(–0.42, 1.28)
0.67  

(–0.66, 2.00)
0.89  

(–0.39, 2.17)
Passive interv. (PS)

Total PS interv. –1.27  
(–3.07, 0.53)

–0.97  
(–2.61, 0.67)

–0.53  
(–2.43, 1.38)

–0.32  
(–2.31, 1.66)

–2.73  
(–5.14, –0.33)†

–2.94  
(–5.32, –0.56)†

Total visits  
completing PS

–0.05  
(–0.16, 0.07)

–0.02  
(–0.13, 0.079)

0.02  
(–0.09, 0.14)

0.03  
(–0.09, 1.50)

–0.02  
(–0.18, 0.14)

–0.03  
(–0.19, 0.12)

Total PS progres-
sions

1.28  
(–6.58, 9.13)

0.68  
(–6.06, 7.43)

–4.01  
(–14.3, 6.25)

–3.30  
(–13.9, 7.31)

1.50  
(–8.65, 11.65)

2.75  
(–7.73, 13.2)

1st day of PS interv. 
initiation

–0.005  
(–0.15, 0.14)

–0.015  
(–0.14, 0.11)

0.07  
(–0.07, 0.21)

0.07  
(–0.08, 0.22)

–0.23  
(–0.41, –0.06)‡

–0.24  
(–0.42, –0.06)‡

Ratio of PS visits to 
total visits

–1.62  
(–4.40, 1.17)

–0.41  
(–2.90, 2.01)

–0.96  
(–3.69, 1.77)

–0.99  
(–3.85, 1.88)

0.29  
(–3.51, 4.09)

–0.38  
(–4.08, 3.32)

* Values are the regression coefficients (95% confidence interval (95% CI]). PT = physical therapy; TKR = total knee replacement; WOMAC = 
Western Ontario and McMaster Universities Osteoarthritis Index; ROM = range of motion; interv. = intervention. 
† Significant at P < 0.05. 
‡ Significant at P < 0.01. 



OATIS ET AL 1176       |

ing TKR. Indeed, our study demonstrated an approximately 1 
second decrease in the time required to ascend and descend a 
flight of stairs for every closed chain progression made. In con-
trast, open chain exercises showed little or no association with 
performance outcomes.

Several plausible explanations exist for the associa-
tions of PT characteristics with the functional outcomes 
observed in this study. Perhaps only physically fit patients 
perform closed chain exercises, and they would naturally 
have the best outcomes. However, after adjustment for sex, 
age, baseline PCS, and WOMAC function, the associations 
between closed chain exercise progressions and TSC per-
sisted. Total number of passive interventions and the days 
from surgery to onset of passive interventions were associ-
ated with worse ROM outcomes. These data may suggest 
that patients struggling with pain or ROM received more pas-
sive treatments such as passive stretching. The data may 
also suggest that, with limited treatment time, spending time 
on passive interventions decreases the amount of time avail-
able for active exercises that would increase function. The 
small sample size and cross- sectional nature of our study 
limits our ability to adequately adjust for all patient baseline 
characteristics.

Despite published evidence supporting progressive quadri-
ceps strengthening and weight-bearing  exercises for improved 
outcomes following TKR, the data from our study show that 106 
of the records (95%) documented the use of weight- bearing exer-
cises but only 35 of the records (31%) documented progression 
of those exercises. Muscle strengthening requires progressively 
increased resistance to adequately overload the muscle. Our 
 findings suggest many patients may have exercised at a level 
insufficient to produce strengthening.

Our study has several limitations as well as strengths. First, 
because we collected data from a single geographic area and 
participants were participating in a clinical trial, the study results 
may not be generalizable. However, the participants of the clin-
ical trial represented over 95% of all subjects undergoing TKR 
who met the inclusion criteria, and baseline characteristics of 
subjects whose PT records were reviewed did not differ from the 
total sample. We believe selection bias is unlikely. Second, our 
data were derived from retrospective chart reviews, and not all 
facilities require the same documentation. Only 70% of records 
contained sufficient detail for review. However, our review of over 
100 records from 30 facilities provides considerable insight into 
what is meant by “usual” PT care. Third, although it is possible that 
the records reviewed did not include all exercises or progressions 
actually provided, we only reviewed those records that provided 
notes for every visit and detail about exercises and dose. While 
some details may be lacking, we believe that the records are gen-
erally representative of the care provided. Finally, the independent 
assessors of knee performance measures assured independent 
end points across all treating PTs.

Our data collection system accounted for every exercise 
intervention and created a classification system that provides 
a theoretical framework to evaluate the content of PT interven-
tions. Virtually no record contained enough detail to completely 
characterize the volume and intensity of the exercise intervention, 
and many records lacked details to explain discharge decisions. 
Despite the limitations of the current study, it offers the first known 
insights into the actual details of usual PT provided to patients 
following TKR and the associations found between the details of 
PT practice and long- term functional outcomes.

Given the limitations of this study, the next step neces-
sary to determine the value of PT in post- TKR recovery is to 
create a PT documentation system capable of prospectively 
detailing the content, frequency, and intensity of each PT visit 
and intervention. This documentation system is currently being 
deployed in a pragmatic study with a sufficient sample size of 
therapists and patients in order to identify the most effective 
treatment strategies within PT practice while accounting for 
individual patient characteristics.

In conclusion, the use of weight- bearing exercises and 
the frequency of progression of these exercises following TKR 
surgery are associated with positive functional outcomes at 6 
months post- surgery. Evidence suggests that these interven-
tions are underutilized in routine practice. Additional research 
is needed to fully understand the characteristics of PT inter-
ventions that contribute to positive functional outcomes and 
to identify “best practice” adjustments for patient character-
istics that lead to optimal functional outcomes following TKR 
surgery.
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Factors Associated With Opioid Use in Presurgical Knee, 
Hip, and Spine Osteoarthritis Patients
J. Denise Power,1 Anthony V. Perruccio,2 Rajiv Gandhi,2 Christian Veillette,2 J. Roderick Davey,2 Stephen J. Lewis,2 
Khalid Syed,2 Nizar N. Mahomed,2 and Y. Raja Rampersaud2

Objective. To evaluate rates of prescription opioid use among patients with presurgical knee, hip, and spine oste-
oarthritis (OA) and associations between use and sociodemographic and health status characteristics.

Methods. Participants were patients with presurgical, end- stage OA of the knee (n = 77), hip (n = 459), and spine 
(n = 168). Data were collected on current use of opioids and other pain medications, as well as measures of socio-
demographic and health status variables and depression and pain (0–10 numeric rating scale). Rates of opioid use 
were calculated by sex, age, and surgical site. Multivariable logistic regression was used to examine associations 
between opioid use (sometimes/daily versus never) and other study variables.

Results. The mean age of participants was 65.6 years; 55.5% were women, 15% of patients reported “some-
times” using opioids, and 15% reported “daily use.” Use of opioids was highest among patients with spine OA (40%) 
and similar among patients with knee and hip OA (28% and 30%, respectively). Younger women (ages <65 years) 
reported the greatest use of opioids overall, particularly among patients with spine OA. From multivariable logistic re-
gression, greater likelihood of opioid use was significantly associated with spine OA (versus knee OA), obesity, being 
a current or former smoker, higher symptomatic joint count, greater depressive symptoms, greater pain, and current 
use of other prescription pain medication.

Conclusion. Nearly one- third of patients with presurgical OA used prescription opioid medication. Given the 
questionable efficacy of opioids in OA and risk of adverse effects, higher opioid use among younger individuals and 
those with depressive symptoms is of concern and warrants further investigation.

INTRODUCTION

Osteoarthritis (OA) is a chronic, degenerative condition char-
acterized primarily by pain. OA ranks among the top 10 causes of 
disability worldwide and is associated with substantial social and 
economic costs (1). Due to the aging of the population, the prev-
alence and impact of this disease is projected to greatly increase 
(2,3).

OA treatment focuses on symptom management, with end- 
stage disease leading to surgical total joint replacement (TJR) 
for hip and knee OA and decompression (with or without fusion 
procedures) for lumbar spine OA. Patients typically live with OA 
for many years before surgery (4) making presurgical pain man-
agement both a critical and often long- term clinical undertak-
ing. Unfortunately, effect sizes for typical first- line analgesics for 

OA, such as acetaminophen and nonsteroidal antiinflammatory 
drugs (NSAIDs), are small overall and decrease with long- term 
use (5,6). The appropriate role of opioids in OA pain manage-
ment is not clear and treatment guidelines have varied widely. 
The most recent American College of Rheumatology guidelines 
(7) for the management of hip and knee OA “conditionally rec-
ommend” the use of opioids in patients who had an inadequate 
response to initial therapy. Current Osteoarthritis Research Soci-
ety International guidelines (8) for knee OA list opioids as a treat-
ment of “uncertain appropriateness,” and guidelines from the 
American Academy of Orthopedic Surgeons (9) state that they 
are “unable to recommend for or against the use of opioids” in 
knee OA. Specific guidelines for pharmacologic management of 
lumbar spine OA, or spinal stenosis, are lacking due to sparse 
evidence (10).
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With the emergence of opioid abuse as a critically important 
public health issue in North America, greater clarity regarding the 
appropriate use of opioids in OA is of heightened importance. 
Rates of use of prescription opioid analgesics in North America 
are more than double those of the European Union and Australia/
New Zealand (11) and have increased in parallel with opioid- 
related morbidity and mortality (12). Not surprisingly, the use of 
prescription opioids to manage chronically painful conditions like 
OA has been under greater scrutiny due to concerns about the 
potential for misuse, dependency, and addiction. From a societal 
perspective, widespread use of opioids in OA has the potential 
to have a significant impact on the numbers of opioids in circula-
tion, given the substantial and growing population prevalence of 
OA (2,3). From an OA surgical treatment perspective, it is also of 
concern given mounting evidence that suggests that presurgical 
opioid use may negatively impact surgical outcomes leading to 
less improvement in pain and function, greater postsurgical opioid 
use, and higher rates of adverse events (13–16).

The current study represents the first stage of a larger project 
aimed at examining the use and impact of opioid medications in 
surgical OA patients. The specific objectives were to examine the 
rates of prescription opioid use among patients with presurgical 
knee, hip, and spine OA and investigate associations between 
opioid use and a range of sociodemographic and health status 
variables. Given the questionable efficacy and potential individual 
and societal impacts of opioid use in OA, it is important to under-
stand current usage patterns in order to assess their appropriate-
ness and potential impacts. Elucidation of the factors associated 

with opioid use in patients with OA may also prove informative in 
terms of potentially targeting efforts aimed at modifying patterns 
of opioid use.

PATIENTS AND METHODS

This cross- sectional study is a retrospective analysis of 
baseline data from an ongoing prospective study (Longitudi-
nal Evaluation in the Arthritis Program [LEAP- OA]). Patients 
with OA scheduled for orthopedic surgery are consecutively 
recruited from the Toronto Western Hospital in Toronto, 
Ontario, Canada. Eligibility criteria include age ≥18 years of 
age and the ability to read and comprehend English. Individu-
als undergoing revision procedures and those with posttrau-
matic or inflammatory forms of arthritis are excluded. For the 
present analysis, 1,126 patients recruited between November 
2013 and January 2017 were included, and 86.8% of eligible 
patients agreed to participate. Seventy- eight patients were 
excluded due to missing opioid data. Participants included 
539 patients with knee OA and 436 with hip OA who were 
scheduled for primary, unilateral TJR and 151 patients with 
lumbar spine OA scheduled for decompression surgery with 
or without fusion. The study was approved by the University 
Health Network Research Ethics Board. Written informed con-
sent was obtained from all patients.

Participants completed a questionnaire within the 3 
weeks prior to surgery. Patients were asked about their cur-
rent use (response options of “never,” “sometimes” or “daily”) 
of medications for their arthritis/joint pain. Our variable of inter-
est was derived from the response to the item inquiring about 
use of “Narcotic/Opioid Pain Medications e.g., Dermerol, MS 
Contin, Morphine, Oxycontin, Percocet, Talwin, Tylenol #3.” 
Two additional dichotomous (never versus sometimes/daily) 
pain medication variables were created; 1 for the use of other 
prescription arthritis medications (NSAIDs, antidepressants, 
neuroleptics/anticonvulsants), and 1 for the use of over- the- 
counter medications.

Data were also collected on sociodemographic character-
istics including sex, age, and highest level of education. Data 
on measured height and weight were used to compute body 
mass index (BMI), categorized as underweight (<18.5 kg/m2), 
normal (18.5 to <25 kg/m2), overweight (25 to <30 kg/m2), or 
obese (≥30 kg/m2) (17). Smoking status was grouped as never 
smoker, former smoker, or current smoker. A comorbidity count 
variable was derived from yes/no responses to an extended list 
of 20 conditions based on the American Academy of Orthope-
dic Surgeon’s comorbidity scale (18). Fibromyalgia was con-
sidered separately as a single dichotomous variable (present 
versus absent). Participants indicated (on a homunculus) any 
joints/sites that were painful on most days for at least a month. 
A summed count score of painful joints was derived, excluding 
the surgical joint.

SIGNIFICANCE & INNOVATIONS
• Opioid use and abuse is a critically important public 

health issue in North America. From a societal per-
spective, use of opioids in osteoarthritis (OA) has 
the potential to have a significant impact on the 
numbers of opioids in circulation, given the sub-
stantial and growing population prevalence of OA.

• While mounting evidence suggests that presurgi-
cal opioid use may negatively impact surgical out-
comes, nearly one-third of patients with presurgical 
hip, knee and spine OA reported using prescription 
opioid medications for their OA pain, with one-half 
of them reporting daily usage.

• Higher rates of opioid use were found among 
younger women and lumbar spine OA patients, 
and use was associated with greater depressive 
symptoms.

• There is currently a lack of consensus from pro-
fessional medical organizations regarding the ap-
propriate use of opioid medications in OA. Our 
findings raise questions as to the appropriateness 
of current patterns of use among patients with hip, 
knee, and lumbar spine OA and highlight the need 
for more specific guidance.
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Depressive symptoms were measured using the 7- item 
depression subscale of the Hospital Anxiety and Depression Scale 
(19). This measure has been found to be a reliable and valid mea-
sure for assessing emotional distress in medical populations (20).

Data on pain intensity were derived from a 0–10 numeric 
rating scale for average hip/knee/spine pain in the last week, 
with responses of 0 representing “no pain” and 10 represent-
ing “worst pain imaginable.” Numeric rating scales for pain have 
been found to be reliable and valid measures of pain intensity in 
OA and a variety of other chronic pain populations (21).

Descriptive statistics were generated for all variables, includ-
ing mean and standard deviations for continuous variables and 
frequencies and percentages for categorical variables. These 

were generated overall and separately for daily/sometimes and 
never opioid use. Differences between these latter groups were 
assessed using t- tests and chi- square tests, as appropriate. 
Rates (percentages and 95% confidence intervals [95% CIs]) of 
opioid use were also calculated by surgical site. Rates of any 
opioid use (sometimes or daily use) were further examined by 
sex and age (<65 years and ≥65 years). Exact 95% CIs were 
computed for all percentages. Multivariable logistic regression 
was used to examine the associations between current opioid 
use (daily/sometimes versus never) and all of the above noted 
study variables, including surgical site. All analyses were con-
ducted using SAS, version 9.4. P values ≤0.05 (2- tailed) were 
considered significant.

Table 1. Sample characteristics*

Variable
Overall sample 

(n = 1,126)
Opioid users 

(n = 339)
Opioid nonusers 

(n = 787) P†

Surgical site 
Knee 539 (47.9) 149 (44.0) 390 (49.6) 0.016
Hip 436 (38.7) 130 (38.4) 306 (38.9)
Spine 151 (13.4) 60 (17.7) 91 (11.6)

Women 617 (54.8) 210 (62.0) 407 (51.7) 0.002
Men 509 (45.2) 129 (38.1) 380 (48.3)
Age

Mean ± SD 65.5 ± 9.2 63.9 ± 9.4 66.2 ± 9.1 <0.001
<65 years 503 (44.7) 175 (51.6) 328 (41.7) 0.002
≥65 years 623 (55.3) 164 (48.4) 459 (58.3)

Education
High school 309 (28.6) 114 (34.2) 195 (26.0) 0.006
>High school 773 (71.4) 219 (65.8) 554 (74.0)

BMI
Underweight/normal 233 (22.9) 52 (16.8) 181 (25.6) <0.001
Overweight 369 (36.3) 106 (34.2) 263 (37.3)
Obese 414 (40.8) 152 (49.0) 262 (37.1)

Smoking status 
Never 549 (49.6) 144 (43.2) 405 (52.3) <0.001
Former 455 (41.1) 136 (40.8) 319 (41.2)
Current 103 (9.3) 53 (15.9) 50 (6.5)

Fibromyalgia‡ 149 (13.2) 74 (21.8) 75 (9.5) <0.001
Comorbidity count, mean ± SD 1.7 ± 1.6 2.1 ± 1.6 1.6 ± 1.6 <0.001
SJC, mean ± SD 5.6 ± 9.5 8.0 ± 11.8 4.6 ± 8.1 <0.001
Depressive symptoms (0–21 scale), 

mean ± SD 
5.3 ± 3.6 6.5 ± 4.0 4.8 ± 3.4 <0.001

Pain intensity (0–10 scale), mean 
± SD 

6.1 ± 2.2 6.9 ± 1.8 5.7 ± 2.2 <0.001

Prescription pain medication§ 612 (54.5) 245 (72.7) 367 (46.6) <0.001
OTC pain medication use 907 (81.9) 262 (80.1) 645 (82.6) 0.332

* Values are the frequency (%) unless indicated otherwise. Comparison of patients who used opioids (daily or sometimes) versus those who 
did not use opioids. BMI = body mass index; SJC = swollen joint count. 
† All values statistically significant (except over- the- counter [OTC] pain medication use). 
‡ Percentage of patients who report having fibromyalgia. 
§ Percentage of patients reporting any current use (excluding opioids). 
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RESULTS

Table  1 describes the study sample and compares the 
339 participants (30%) who reported currently taking opioids 
(daily or sometimes) with the 787 participants (70%) who 
reported no current use. About one- half of the sample was 
scheduled for knee TJR (48%), 39% for hip TJR, and 13% 
for surgery for lumbar spine OA (Table  1). The mean age of 
the sample was 65.5 years, 55% of participants were women 
and most were overweight (36%) or obese (41%). Participants 
reported a mean of 5.6 symptomatic joints and 1.7 comor-
bid conditions, with 13% of participants reporting fibromyalgia 
specifically. The mean pain intensity score for the sample was 
6.1 out of a possible score of 10 and the mean depression 

score was 5.3 out of a possible 21.
Those who used opioids comprised a significantly higher 

proportion of spine patients, women, and younger individuals 
(ages <65 years) (Table 1). Higher proportions of individuals tak-
ing opioids also had less than a high school education, were 
obese, and were current smokers than those who were not 
taking opioids. In addition, individuals taking opioids reported 
significantly more symptomatic joints and comorbidities, includ-
ing fibromyalgia. Those taking opioids were more likely to report 
taking other prescription pain medications and had significantly 
higher mean depression and pain scores.

Overall, an equal proportion of study participants reported 
sometimes (15%) and daily (15%) opioid use (Table 2). Patients 
with hip and knee OA used opioids sometimes or daily in simi-
lar proportions. Patients with lumbar spine OA used opioids in 
higher proportions (39.7% [95% CI 31.9–48.0%]) than those 

with knee OA (27.6% [95% CI 23.9–31.6%]).

Approximately one- third of women undergoing surgery 
for OA reported using opioids sometimes or daily for their 
arthritis/joint pain (34.0% [95% CI 30.3–37.9%]), compared to 
about one- fourth of men (25.3% [95% CI 21.6–29.4%]). Over-
all, younger men (ages <65 years) and older men (ages ≥65 
years) reported taking opioids in similar proportions (Table 3). 
Younger women, however, reported higher use than older 
women, and used opioids in the highest proportion across the 
age and sex strata at 41.4% (95% CI 35.7–47.3%). Younger 
women with spine OA specifically had the highest point esti-
mate for opioid use, at 61.3%, although the associated 95% 
CI (42.2–78.2%) overlapped with those for the other age, sex, 

and surgical site strata.
Results from the multivariable logistic regression model (cur-

rent daily/sometimes opioid use versus no use) are shown in 
Table 4. Of note, relative to the descriptive findings, the effect of 
sex was not statistically significant and that of age was margin-
ally nonsignificant in the fully adjusted model, with an odds ratio 
(OR) of 0.72 (95% CI 0.52–1.02) for those ages ≥65 years ver-
sus <65 years. Individuals with lumbar spine OA had 1.73 times 
greater odds than those with knee OA for opioid use. Patients 
who were obese had significantly greater odds than those who 
were of normal weight or underweight. There was a strong effect 
of smoking status; current and former smokers had odds 2.76 
and 1.58 times greater than never smokers for use of opioids, 
respectively. Individuals reporting more symptomatic joints also 
had significantly higher odds of opioid use, such that the odds 
of use were 1.03 times greater for each additional joint. Patients 
with OA who reported using other prescription pain medications 
were also more likely to report current opioid use for their arthritis/
joint pain. Greater depressive symptoms and higher pain intensity 

Table 2. Presurgical opioid use by surgical site and frequency of use*

Sometimes use Daily use Sometimes or daily

Knee OA 15.8 (12.8–19.1) 11.9 (9.3–14.9) 27.6 (23.9–31.6)
Hip OA 12.8 (9.9–16.4) 17.0 (13.6–20.8) 29.8 (25.6–34.4)
Spine OA 19.2 (13.3–26.4) 20.5 (14.4–27.9) 39.7 (31.9–48.0)
Overall sample 15.1 (13.1–17.3) 15.0 (13.0–17.2) 30.1 (27.4–32.9)

* Percentage (95% confidence interval [95% CI]) of patients reporting indicated frequency of opioid use. OA = 
osteoarthritis. 

Table 3. Presurgical daily or sometimes opioid use by surgical site, sex, and age group*

Men Women

Ages 
<65 years

Ages 
≥65 years

Ages 
<65 years

Ages 
≥65 years

Knee OA 27.7 (18.9–37.9) 18.1 (12.1–25.6) 40.5 (32.6–48.9) 23.9 (17.5–31.3)
Hip OA 22.6 (14.6–32.4) 31.1 (22.3–40.9) 36.9 (28.0–46.6) 27.9 (20.4–36.5)
Spine OA 30.8 (14.3–51.8) 30.9 (19.1–44.8) 61.3 (42.2–78.2) 41.0 (25.6–57.9)
Overall sample 25.8 (20.1–32.3) 25.0 (20.2–30.3) 41.4 (35.7–47.3) 27.5 (22.8–32.7)

* Percentage (95% CI) of patients reporting any opioid use (sometimes or daily). OA = osteoarthritis. 
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were also significantly associated with an increased likelihood of 

opioid use.

DISCUSSION

Our study adds to a growing body of literature examining opi-
oid use in chronic pain populations and is one of few that focus 
specifically on examining factors associated with use in patients 
with OA. Although guidelines for opioid use in OA are unclear, 
we found that nearly one- third of patients with presurgical hip, 
knee, and spine OA reported using prescription opioids for their 
OA pain, with one- half reporting daily usage. Higher rates of opi-
oid use were found among patients with lumbar spine OA and 

younger women (ages <65 years), and use was associated with 
greater depressive symptoms. These findings may prove useful in 
targeting both future research to better understand opioid use in 
OA as well as interventions to potentially reduce use.

There have only been a limited number of studies that have 
shown rates of opioid use before OA- related surgical procedures 
specifically. Our rate for knee replacement patients of 27.6% (95% 
CI 23.9%–31.6%) is similar to that reported in the US study by 
Franklin et al (22). The authors reported that 24% of knee replace-
ment patients had at least 1 opioid prescribed prior to the pro-
cedure. In contrast, Hansen et al (23) reported in an Australian 
administrative data study that 38.6% of patients with presurgical 
knee replacement had at least 1 opioid prescription filled in the 
year prior to surgery. The longer study timeframe and the focus 
on dispensed prescriptions, rather than actual opioid use, may 
have contributed to this comparatively higher estimate. Opioid use 
prior to spine surgery has been reported to vary between 20% 
and 55% (24,25), with some differences between studies in terms 
of the specific diagnoses and procedures that were considered. 
Walid et al (25) reported comparable data to the findings of the 
current study on patients with lumbar decompression and fusion 
surgical, and found that 46.5% were taking opioids presurgery, a 
slightly higher proportion than the 40% we found in our sample. 
Select baseline data from the Spine Patient Outcomes Research 
Trial (SPORT) (26) has also been reported separately for lumbar 
spinal stenosis surgical candidates with and without degenerative 
spondylolisthesis, and findings were also similar to those of our 
study in that 34% of participants reported current opioid usage.

Published findings on the associations of age and sex with 
opioid use in OA have varied. In an Ontario, Canada population- 
based cohort study of older adults with hip and knee OA, age 
and sex were not significantly associated with opioid use (27). In 
contrast, Wright et al (28) reported that opioid use correlated with 
female sex and younger age in those with knee OA specifically. A 
study by DeMik et al (29), in which OA of any joint was taken into 
consideration, corroborated the findings of Wright et al in terms 
of the effect of younger age, but found greater opioid use in men 
than women. Given these inconsistencies in reported findings, 
we specifically examined rates of opioid use by age and sex, and 
found that women had higher rates of use than men and it was 
among women particularly that the higher rates of use in younger 
individuals were most apparent. However, the effects of age and 
sex were not statistically significant in the adjusted analyses (P 
= 0.06 for age, P = 0.11 for sex), which suggests that the addi-
tionally considered factors may explain the observed variation in 
rates. It is likely that age and sex differences in analgesic use are 
influenced by multiple factors. This is an area of research in OA 
that warrants further exploration, particularly as more is known 
about the potential risks and negative impacts associated with 
opioid use.

From the multivariable regression analyses performed in the 
present study, we demonstrated that higher levels of pain intensity 

Table 4. Multivariable logistic regression results: associations with 
presurgical opioid use (current daily/sometimes use versus no use)*

Variable OR (95% CI) P 

Surgical site (vs. knee)† 
Hip 1.33 (0.93–1.90) 0.115
Spine 1.73 (1.05–2.85)‡ 0.030‡

Sex (female vs. male) 1.28 (0.91–1.81) 0.152
Age (≥65 years vs. <65 

years) 
0.72 (0.52–1.02) 0.061

Education (≤high school 
vs. >high school) 

1.26 (0.88–1.81) 0.200

BMI (vs. underweight/
normal) 

Overweight 1.43 (0.90–2.29) 0.133
Obese 1.83 (1.16–2.91)‡ 0.010‡

Smoking status (vs. never 
smoker) 

Current smoker 2.76 (1.61–4.73)‡ <0.001‡
Former smoker 1.58 (1.12–2.23)‡ 0.009‡

Fibromyalgia (present vs. 
absent) 

1.56 (0.98–2.48) 0.060

Comorbidity count 1.06 (0.95–1.17) 0.315
Symptomatic joint count 1.03 (1.01–1.04)‡ 0.007‡
Depressive symptoms§ 1.05 (1.01–1.10)‡ 0.030‡
Pain intensity¶ 1.25 (1.14–1.37)‡ <0.001‡
Prescription pain medi-

cation (any use vs. no 
use) 

2.32 (1.65–3.25)‡ <0.001‡

OTC pain medication (any 
use vs. no use) 

0.67 (0.44–1.02) 0.061

* Values are the odds ratios (OR) (95% confidence intervals [95% 
CIs]) unless indicated otherwise. BMI = body mass index; OTC = 
over- the- counter. 
† The estimate for spine versus hip is OR 1.30 (95% CI 0.79–2.14); 
P = 0.296. 
‡ Values are statistically significant. 
§ Scores are derived from the Hospital Anxiety and Depression 
Scale and range from 0 to 21, with higher scores indicating greater 
depressive symptoms. ORs are for a 1- unit increase in score. 
¶ Ratings range from 0 to 10 for average joint- specific pain in the 
past week, with higher scores indicating greater pain intensity. ORs 
are for a 1- unit increase in rating. 
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were significantly associated with increased odds of opioid use. 
Although this finding may simply reflect the prescription of opi-
oids as a last resort for patients who continue to report high pain, 
it could also reflect that these medications may not adequately 
control OA pain. In addition to the risk of adverse effects such 
as dependency, there is evidence to suggest that even strong 
opioids are not more effective than acetaminophen or NSAIDs in 
reducing pain due to musculoskeletal conditions (30–32). A 2016 
systematic review focusing on knee OA estimated that the mean 
decrements in Western Ontario and McMaster Universities Oste-
oarthritis Index pain achieved by NSAIDs (−18 points), less potent 
opioids such as tramadol (−18 points), and more potent opioids 
such as oxycodone (−19 points) were highly comparable (31).

The association between opioid use and greater pain could 
also be influenced by issues with tolerance or opioid- induced 
hyperalgesia (33). Wasserman et al (34) reported that individuals 
who consistently report high pain despite taking opioids are also 
more likely to report other central symptoms, including greater 
neuropathic and fibromyalgia- like symptoms. However, in our 
multivariable analyses the effect of comorbid fibromyalgia on opi-
oid use was marginally insignificant (P = 0.06). It may be that some 
of the effect of fibromyalgia was reflected in the significant esti-
mate found for joint count; participants with fibromyalgia reported 
significantly higher joint counts than those without fibromyalgia 
(mean 10.7 joints versus 4.8 joints). A higher joint count likely fur-
ther reflects the impact of a greater pain burden on opioid use.

Depression and pain are strongly linked, with each being 
identified as an important predictor of the other in what is likely 
a complex bidirectional relationship (35,36). The observed asso-
ciation between greater depressive symptoms and current opi-
oid use that was demonstrated in the present study may reflect 
this close interrelationship, but could also represent some self- 
treatment of depressive symptoms with opioid medications (37). 
A number of studies focused on patients with chronic pain have 
similarly reported that those with depression or other mental 
health disorders are more likely to be prescribed opioid therapy, 
as well as to be prescribed a higher dose (38–40). This is concern-
ing as it has also been reported that individuals with depression 
are more likely to develop clinically recognized opioid abuse and 
dependence (41). Our findings taken together with the literature 
suggest some caution may be warranted in prescribing opioids 
in individuals with OA and with symptoms of depression or other 
psychological comorbidities. Although we did not examine data 
on the use of antidepressants in patients with high depressive 
symptom scores reporting opioid use, it may be that for some of 
these individuals with multiple centrally mediated symptoms such 
as depression and sensitized pain, treatment with medications 
that target these clusters of symptoms (such as duloxetine) may 
warrant additional consideration. It has been reported that phy-
sicians underdiagnose depression in patients with OA (42) and 
that few patients receive help for dealing with mental health issues 
(43–45). Psychological comorbidities may represent a treatable 

cause of chronic opioid use for some patients with painful chronic 
conditions like OA.

Strengths of our study include the large sample size overall 
and the inclusion of patients with hip and knee OA, as well as 
those with lumbar spine OA. The smaller sample size of this latter 
group, however, likely contributed to the relatively large width of 
confidence interval estimates for the joint- specific opioid use rates 
in Table 3. Future work that includes more patients with spine OA 
is needed to confirm the higher point estimates that we observed 
for these patients, particularly among younger women. Our find-
ings should be interpreted with consideration of our study popula-
tion; participants were all patients with presurgical, end- stage OA. 
However, our overall rate of opioid use of 30% is in line with the rate 
of 33% for all OA patients identified in electronic medical records 
as part of the Canadian Primary Care Sentinel Surveillance Net-
work (46). Our sample does derive from Ontario, Canada, where 
residents have access to publicly funded universal health care. 
Differences in access to medical care in other jurisdictions may 
influence the use of prescription medications. Our study was a ret-
rospective analysis of baseline data from a larger cohort study. We 
did not have data on specific opioid medications used, dosage, or 
duration of use. It has been reported that orthopedic patients with 
hip and knee OA underreport narcotic use in comparison to elec-
tronic health records (47). Our findings in terms of the proportions 
of patients using opioids presurgery are likely to underestimate 
actual use due to a potential reporting bias from negative media 
attention around the opioid epidemic and as a result of the use of 
non- prescribed opioids. Our data were cross- sectional in nature 
and findings thus reflect associations with an increased likelihood 
of opioid use; caution should be exercised in assigning causal-
ity or directionality. For example, in addition to depression being 
associated with greater opioid use as discussed above, there is 
research to suggest that opioid use may also induce symptoms of 
depression (48,49). It may be informative in future work to investi-
gate whether specific characteristics of OA pain such as its nature 
or its impacts on certain components of quality life, are more or 
less likely to be associated with opioid use. Though unavailable for 
this study, information on duration of OA symptoms, pain- related 
behaviors, and coping strategies may also be relevant factors to 
consider in this regard. As factors associated with opioid use may 
vary with the specific degree of use, additional research with more 
detailed drug utilization data would be informative.

Despite nearly one- third of patients with presurgical hip, 
knee, and spine OA currently using opioids in our study and the 
questionable efficacy and high risk of adverse effects with opioid 
use, there is a general lack of consensus from professional medi-
cal organizations around the appropriate use of these medications 
in OA. Our findings of greater use in younger individuals with OA 
and among those with greater depressive symptoms raise further 
questions as to the appropriateness of current opioid use patterns 
and highlights the need for more specific guidance. Translation of 
such recommendations to primary care physicians is of particular 
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importance, as this is where the vast majority of OA is currently 
managed. Given the current opioid crisis and the substantial and 
growing population prevalence of OA (2,3), appropriately limiting 
the use of opioids in OA may have a significant impact on the 
numbers of opioids in circulation and thus have a beneficial pub-
lic health impact as well. Our findings suggest that addressing 
patient factors such as depression, smoking, and obesity may 
be beneficial to reducing opioid use, in addition to their positive 
impacts on patients’ overall health. As evidence continues to build 
that opioid use may negatively impact surgical outcomes (13–16), 
optimized preoperative pain management and consideration of 
presurgical opioid use screening, including potential dependency, 
may also be warranted for patients undergoing surgery for OA.
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Thresholds in the Relationship of Quadriceps Strength With 
Functional Limitations in Women With Knee Osteoarthritis
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Objective. To investigate thresholds of strength below which individuals with knee osteoarthritis (OA) may have 
more difficulty carrying out physical functions of daily life. Individuals below such thresholds might benefit more from 
strengthening interventions than those with greater strength.

Methods. We studied individuals with symptomatic OA at baseline in the Multicenter Osteoarthritis Study who 
had knee extensor strength measured isokinetically at 60º/second. Participants underwent a 20- meter walk test and 
a sit- to- stand test and answered questions from the Western Ontario and McMaster Universities Osteoarthritis Index. 
Physical function results were plotted against measures of quadriceps strength (Nm) (and as strength:body weight) 
for the worst knee. Loess technique was used to examine inflection points. Nonlinear relationships were examined in 
piecewise linear regression models. Differences were tested using linear and logistic regression models.

Results. The study had 834 participants (65.8% women). The mean ± SD age of the participants was 62.9 ± 7.9 
years. In women, there were thresholds of strength below which the slope of strength versus function was steeper: 
walking speed (<58 Nm), chair stand time (<32 Nm), and the McMaster Universities Osteoarthritis Index functions 
of rising from a chair and getting on/off the toilet (<38 Nm). We found no thresholds in men. Loess analyses using 
strength:weight showed similar results.

Conclusion. In individuals with symptomatic knee OA, thresholds in the strength function relationship may help 
identify individuals, especially women, at the brink of disability insofar as strength and capacity for daily tasks. In 
those with low strength, small increments in strength may be associated with improvement in function and greater 
ease with common daily life, emphasizing the importance of preventing loss of strength.

INTRODUCTION

Studies of individuals with knee osteoarthritis (OA) and those 
at risk of OA have shown that quadriceps weakness is strongly 
associated with functional limitations (1–3). For these individu-
als, addressing quadriceps strength often becomes a major tar-
get of rehabilitation interventions, including general aerobic and 
local strengthening exercises, with the hope of improving physical 
function, reducing pain and physical disability, and avoiding further 
progression of OA (4,5).

Although analyses may implicitly assume a linear association 
between strength and functional limitations (i.e., gains in strength 

lead to gains in function), daily tasks may require a specific amount 
of strength to be successfully accomplished (6,7). This fact sug-
gests that the associations of quadriceps strength with measures 
of physical function may not be linear (8,9); there may be thresh-
olds of strength necessary to accomplish some tasks, such as ris-
ing from a chair. In weaker adults, with strength below the required 
threshold for the task, training may have immediate benefits in 
improved function, while in stronger adults, strength training may 
yield little apparent improvement in physical performance because 
the individual may already be stronger than the threshold (8–10). 
For stronger individuals, strength training may assist in maintaining 
function or progressing to more strenuous activities.
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Despite the many factors that may contribute to functional 
decline, including health- related behaviors, medical conditions, 
socioeconomic status, and psychological well- being, muscle 
strength remains of key importance to performance (7,9,11). In 
a study using performance- based tests of walking speed, chair 
stands, and standing balance in a sample of elderly women, the 
relationship of strength to performance was independent of age, 
weight, and height and was largely nonlinear (9). Although the 
variance in performance explained by strength alone was >20% 
for each measure tested, with respect to the disabling process, 
the role played by reduction of strength was of particular impor-
tance in the weaker subset of the population (9).

Individuals with painful knee OA are often referred to physi-
cal therapy to work on strengthening, with the goal of improving 
function and pain, because strengthening is feasible for all age 
groups and patients with or without comorbidities. Using data 
from the Multicenter Osteoarthritis Study (MOST), the purpose 
of the current analysis was to identify thresholds of quadriceps 
strength below which performance of basic physical function 
tasks is adversely affected. The basic functional tasks chosen 
for this analysis involve quadriceps strength to move the body in 
opposition to gravity: rising from a chair, going up stairs, getting 
on and off the toilet, and walk time. We included performance- 
based tests when possible (walking and rising from a chair) as 
well as self- reported measures of function, because these may 
represent different components of function in reflecting what 
individuals perceive they can do versus what they can actually 
do (12,13). We hypothesized that across the range of quadri-
ceps strength values, the relationship of strength and functional 
tasks would be nonlinear. Further, we hypothesized that there 
are strength thresholds for each functional task, such that below 
the threshold, the relationship of strength and function would be 
steeper than the relationship above the threshold. Strengthening 
might achieve a greater improvement in function for those below 
the threshold.

PATIENTS AND METHODS

Study population. MOST is a cohort study of 3,026 men 
and women ages 50–79 years at baseline, at risk of knee OA (i.e., 
overweight, obese, with a history of knee injury, or with frequent knee 
pain) or with established knee OA. The study participants were from 
Birmingham, Alabama and Iowa City, Iowa (14). The study started 
in 2003 when study participants were interviewed by telephone and 
attended clinic visits. Further details of inclusion and exclusion crite-
ria have been published previously (14,15). The initial visit included 
examination age, height, weight, self- reported physical activity level, 
knee extensor muscle strength, self- reported physical function and 
pain, radiographic evaluation, and magnetic resonance imaging.

For this analysis, we excluded those individuals who had total 
knee replacement at the baseline MOST visit and any individuals 
who had total hip replacement at any time during MOST follow- up, 
because these individuals may have had hip OA at baseline that 
affected the studied associations. We focused on individuals with 
symptomatic OA at the baseline visit who had knee extensor strength 
measurements (2). Frequent knee symptoms were assessed by 
questionnaire; radiographic knee OA was assessed with fixed flexion 
posteroanterior and lateral weight- bearing radiographs. We defined 
symptomatic knee OA as present when the individual reported fre-
quent knee pain, aching, or stiffness on most days when asked 
about it during their clinic visit and whose radio graph demonstrated 
a Kellgren/Lawrence (K/L) grade ≥2 in any compartment in that knee 
(16). Participants with bilateral OA or using assistive devices were 
included. All measures are from the baseline MOST visit.

Exposure: knee extensor muscular strength. Con-
centric isokinetic strength of the quadriceps knee extensor was 
measured using a Cybex 350 isokinetic dynamometer at 60º/
second. After instruction, and 3 practice trials, participants com-
pleted 4 repetitions; peak torque over 4 repetitions was used for 
concentric knee extensor strength (2). Strength from the worst 
knee by K/L grade was used as a continuous variable (strength 
in Nm). Secondary analyses used the ratio of strength (Nm) to 
body weight (kg) (17,18) as the exposure.

Measures of physical function. Measures of physical 
function described below and chosen for this analysis involve 
employment of quadriceps strength to move the body in opposition 
to gravity: rising from a chair, going up stairs, and getting on and off 
the toilet, and also included the major functional activity of walking.

20- meter walk test. We measured total time in seconds for 
study participants to walk at their usual walking pace from the 
starting point to the end. The test was then repeated, and we 
used the mean time of the 2 test trials, in seconds. Refusal or 
inability to do the test or use of walking aids were recorded.

5 times sit- to- stand test. Using a chair with a straight 
back, a flat, level, and firm seat, and seat height 45 cm at front, 
participants stood up from the chair 5 times as quickly as they 

SIGNIFICANCE & INNOVATIONS
• We explored quadriceps strength and physical 

function in individuals with knee osteoarthritis 
from the Multicenter Osteoarthritis Study.

• We found evidence of strength thresholds for func-
tional tasks that involve the body acting against 
gravity, such as walking or rising from a chair, in 
women but not in men.

• These thresholds in strength may provide a means 
of identifying individuals at the brink of disability, 
for whom increments in strength may be associ-
ated with improvements in physical function or 
greater ease in carrying out common tasks in daily 
life; for individuals above the strength threshold, 
focus should be on maintaining strength.
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could, keeping their arms folded across their chest. Walking 
aids were not allowed. Refusal or inability to do the test were 
recorded. We recorded total time in seconds using a stopwatch 
from start to finish of the test; the test was then repeated, and 
we used the mean time of the 2 test trials, in seconds.

Western Ontario and McMaster Universities Osteoarthritis  
Index (WOMAC). We chose 3 individual questions from the WOM-
AC survey that use quadriceps strength and are similar to the 
performance- based measures: going up stairs, rising from a chair, 
and getting on and off the toilet. For each of these outcomes, re-
spondents answered a question “How much difficulty have you 
had…” performing the task. For each question, the possible re-
sponses were none (0 = best performance level), mild (score = 1), 
moderate (score = 2), severe (score = 3), or extreme (4 = worst 
performance level), yielding an ordinal value ranging from 0 to 4 for 
each WOMAC item outcome.

Additionally, for each WOMAC outcome, we created a dichot-
omous variable that classified individuals as having a high level of 
difficulty with the task (combining the scores 2, 3, and 4) or a low 
level of difficulty (combining the scores 0 and 1). The dichotomi-
zation of this measure made it easier to explain, and divided par-
ticipants into high and low categories near the median number of 
respondents. Covariates were age in years as a continuous vari-
able and weight in kilograms at baseline as a continuous variable.

Statistical analysis. We took an exploratory and graphic 
approach to identify inflection points, or thresholds, in the rela-
tionship between measures of physical function and quadriceps 
strength. We stratified by sex due to differences in the distributions 

of strength and height in men and women. Our primary analy-
ses adjusted for age and weight, which have been linked to per-
formance in other studies of function (6,8,9,19). Analyses were 
 performed using SAS software, version 9.4.

Participant characteristics were summarized with frequen-
cies and mean. For continuous outcomes (the 20- meter walk  
test and the 5 times sit- to- stand test), we graphically explored the 
shape of the relationship between quadriceps strength and each 
outcome, using nonparametric loess technique (20), separately 
for men and women, seeking possible inflection points that might 
indicate a threshold of strength that alters the relationship with 
physical function. A range of potential inflection points around the 

Figure  1. Analysis sample flow diagram. MOST = Multicenter 
Osteoarthritis Study.

Table 1. Sample baseline characteristics*

Characteristic
Men 

(n = 285)
Women 
(n = 549)

Age, years 62.5 ± 8.3 63.1 ± 7.7 
Weight, kg 101.7 ± 21.7 89.1 ± 20.2
Body mass index, kg/m2 32.2 ± 6.5 33.5 ± 7.3
K/L grade at baseline in worst 

knee, %
Grade 2 26 36
Grade 3 42 43
Grade 4 32 21

Knee extensor muscle strength, 
Nm

105.3 ± 38.7 51.5 ± 22.8

Cutoffs for quintiles of strength, 
Nm

Quintile 1 <73 <33
Quintile 2 73–92 33–43
Quintile 3 93–113 44–53
Quintile 4 114–133 54–66
Quintile 5 ≥134 ≥67

Normalized strength† 1.1 ± 0.4 0.6 ± 0.3
Performance- based outcomes

Chair stand (5 chair stands, 
average time), seconds

11.9 ± 3.9 13.8 ± 5.2

Walking time (20 meters), 
seconds

17.2 ± 3.3 19.3 ± 5.7

WOMAC self- reported out-
comes, %‡

Going up stairs (high difficulty) 55 70
Rising from sitting position 

(high difficulty)
48 64

Getting on and off the toilet 
(high difficulty)

33 40

* Values are the mean ± SD unless indicated otherwise. Normal-
ized strength (Nm:kg) was used only in secondary analyses. K/L = 
Kellgren/Lawrence. 
† Strength:weight ratio in Nm:kg. 
‡ Western Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC) questions are for either knee, in the past 30 days, di-
chotomized as high level of difficulty versus low level of difficulty 
with this task. 
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value suggested by inspection of the graphs was then fit in sepa-
rate piecewise models (21) and tested with nonlinear least squares 
regression for convergence to a solution that best fit the data. We 
limited points to those between the 20th and 80th percentiles 
of strength for stability of the models. Our primary models used 
strength as the exposure, adjusted for age and weight; major dif-
ferences in height were already addressed by stratification by sex. 
Although we report P values examining the change in slope below 
and above the specific inflection points tested, these P values were 
considered exploratory aids to guide selection of points and not 
definitive tests of the exact locations. Using these selected inflec-
tion points as fixed quantities in a regression model, the change in 
slope was tested to see whether it was non- zero, using an F test.

For WOMAC outcomes, we used proportional odds logis-
tic regression with restricted cubic splines to evaluate nonlinear 
relationships with quadriceps strength (22). A range of potential 
inflection points around the points suggested by the cubic spline 
models was fit using piecewise linear trends in the log odds 
using separate logistic regression models. The −2 log- likelihood 
was used to aid in the selection of an inflection point between 
the 20th and 80th percentiles of strength, and then the change in 
slope was tested using a chi- square test in the proportional odds 
regression model with the fixed inflection point.

In secondary analyses for the performance- based outcomes, 
we tested a set of models using the ratio of strength:weight (i.e., nor-
malized strength) as the exposure, first stratified by sex and adjusted 

only for age; then using the sample of men and women together and 
adjusted for age and height. The ratio of strength:weight (Nm:kg) is 
less interpretable than strength but accommodates different ranges 
of strength and/or weight: men and women may have the same 
ratio but very different strength and weight values.

RESULTS

Among the 834 study participants (Figure 1), the mean ± SD 
age was 62.9 ± 7.9 years, and the mean ± SD body mass index 
was 33.1 ± 7.1 kg/m2; 65.8% of the participants were women 
(Table 1). All participants had symptomatic OA in at least 1 knee, 
with 64% of both men and women having a maximal K/L score of 
3 or 4 in the worse knee. The mean ± SD quadriceps strength in 

women (52 ± 23 Nm) was lower than that in men (105 ± 39 Nm).

Results in women. In women, the loess plot for the 
performance- based 20- meter walk test versus quadriceps strength 
(Figure 2) suggested the presence of an inflection point in strength 
near 60 Nm. In a piecewise linear model, the slope of strength ver-
sus walking time became steeper at quadriceps strength of 56.8 
Nm (slope before 56.8 Nm = −0.11, slope after 56.8 Nm = −0.02; 
P = 0.001 for difference in slopes), indicating a steeper relation of 
strength with elapsed walking time below this threshold in women.

The loess plot for chair stand test results versus quadriceps 
strength (Figure 3) suggested an inflection point below 50 Nm; in 

Figure 2. Knee extensor muscle strength versus 20-meter walk time, by sex. Nonparametric local weighted regression (LOESS) was used 
to generate the scatter plots and LOESS lines. In women, the piecewise linear model indicated a possible inflection point at 56.8 Nm (arrows 
indicate segments of the LOESS line: slope 1 = −0.11, slope 2 = −0.02; P = 0.001 for difference in slopes). In men, no inflection points were 
found in the 20–80% range of strength. sec = seconds.
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a piecewise linear model we found the slope of strength versus 
chair stands time became steeper at strength 32 Nm (slope 1 
= −0.30, slope 2 = −0.05; P < 0.0001 for difference in slopes). 
Loess analyses using strength:weight as the predictor showed 
similar graphic relationships.

In unadjusted proportional odds models with restricted cubic 
splines, we found evidence of nonlinearity in the association of 
strength and the WOMAC items rising from a chair and getting 
on and off the toilet in women (data not shown). The joint effect of 
nonlinear components in the restricted cubic spline models for ris-
ing from a chair was of borderline significance (χ2 = 5.99, degrees 
of freedom [df] = 2, P = 0.05), and became nonsignificant after 
adjustment for age and weight (χ2 = 5.13, df = 2, P = 0.08). For 
getting on and off the toilet, neither association was statistically 
significant (unadjusted χ2 = 4.95, df = 2, P = 0.08; adjusted χ2 
= 4.49, df = 2, P = 0.11). For WOMAC going up stairs we found 
no significant evidence of nonlinearity in the restricted cubic spline 
models (P = 0.23 in age-  and weight- adjusted models).

In explorations of piecewise models in individual WOMAC 
items in women (Figure 4), we found suggestions of an inflec-
tion point in quadriceps strength at approximately 38 Nm for 
both difficulty rising from a chair (slope 1 = −0.034, slope 2 = 
−0.024; P = 0.12 for difference in slopes) and getting on and 
off the toilet (slope 1 = −0.038, slope 2 = −0.029; P = 0.05 for 
difference in slopes). After adjustment for age and weight, the 
changes in slope were reduced (rising from a chair slope 1 = 

−0.031, slope 2 = −0.019; P = 0.20; getting on and off the toilet 
slope 1 = −0.035, slope 2 = −0.023; P = 0.11). The association 
of quadriceps strength and difficulty going up stairs (data not 
shown) appeared to be linear; we found no suggestion of inflec-
tion points between the 20th to 80th percentiles of strength in 
women (highly nonsignificant P values >0.37 for tests of inflec-
tion points at 33 Nm through 87 Nm of strength in women).

Results in men. Men had a wider range of strength values 
than women (Table 1). For men, the loess plots and models for walk-
ing time (Figure 2) and chair stands time (Figure 3) suggested approx-
imately linear relationships between quadriceps strength and these 
outcomes. In men, piecewise linear models suggested no inflection 
points for walking time or chair stands time in the 20th to 80th per-
centile range of strength. Mean walking time for the 20- meter walk 
test was faster than 1.0 meter/second for all men in this sample.

In men, restricted cubic spline models yielded no sugges-
tions of nonlinearity in the association of quadriceps strength and 
the WOMAC items (tests of joint effect of nonlinear components 
in adjusted models: going up stairs, rising from a chair, and get-
ting on and off the toilet, P = 0.20, P = 0.39, and P  = 0.75, 
respectively). In explorations of piecewise models for individual 
WOMAC items (Figure 4) we found no visual evidence of inflec-
tion points in the range 20th to 80th percentiles of strength in 
men, with nonsignificant P values for tests of inflection points at 
73 through 134 Nm of strength.

Figure 3. Knee extensor muscle strength versus chair stands time, by sex. Nonparametric local weighted regression (LOESS) was used to generate the 
scatter plots and LOESS lines. In women, the piecewise linear model indicated a possible inflection point at 32 Nm (arrows indicate segments of the LOESS 
line: slope 1 = −0.30, slope 2 = −0.05; P < 0.0001 for difference in slopes). In men, no inflection points were found in the 20–80% range of strength. sec = 
seconds. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.23740/abstract.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23740/abstract
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Secondary analyses. In secondary analyses using 
 normalized strength as the exposure (i.e., the ratio of strength: 
weight), in men and women together, for the 20- meter walk test 
the estimated inflection point was 0.74 Nm:kg (slope 1 = −8.761, 
slope 2 = 7.757; P < 0.0001 adjusted for age and height). Of 494 
individuals with a strength:weight ratio below 0.7432 Nm:kg, 83% 
were women and 17% were men. Reviewing the characteristics of 
individuals with a strength:weight ratio of <0.74 Nm:kg, we found 
that women in that range had a mean strength of 42 Nm, well 
within the 20th to 80th percentiles of strength in women. Men had 
a mean strength of 58 Nm in that range, below the 20th percentile 
of strength in men. Only 22 men were below the inflection point for 
the ratio, but above the 20th percentile in strength for men.

For tests of chair stand time with normalized strength, in 
men and women together, the estimated inflection point was 
0.30 Nm:kg (slope 1 = −37.274, slope 2 = 33.269; P < 0.0001 
adjusted for age and height). However, the mean strength of indi-
viduals with that ratio of strength:weight is not above the 20th 
percentile of strength for either men or women.

DISCUSSION

In this study in individuals with knee OA, we found sug-
gestions of strength inflection points in associations between  
quadriceps strength and physical function measures in women 
but not in men. If these cross- sectional data are applicable to 
treatment effects, they suggest that rehabilitation strategies that 
focus on strengthening are likely to be more effective in improving 
function in women who are weaker than those who are stronger, 
including men. For those above the inflection point, our results 
may provide an incentive to maintain those higher levels of 
strength. The results also suggest that a quantitative assessment 
of strength might be indicated prior to rehabilitation planning.

Analyses were focused on common functional tasks that 
require quadriceps strength, arising from a sitting position and 
going up stairs. Walk time was included because it is one of the 
most commonly evaluated measures of physical performance 
(23). Strength inflection points in women were in the vicinity of 
57 Nm for the 20- meter walk test and 32 Nm for the 5 times sit- 

Figure 4. Estimated probabilities for association of quadriceps strength and selected Western Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC) items from logistic piecewise regression models. Figures show estimated probabilities for the association of strength and each 
WOMAC item. Graphs combine both ordinal and dichotomous WOMAC outcomes variables, from unadjusted models. Plots are restricted 
to a 5–95% range of strength distribution by sex. Possible inflection points of strength are noted on graphs, where found. Dark lines indicate 
probability of “high level of difficulty” for dichotomous WOMAC outcomes (combining WOMAC extreme, severe, or moderate level of difficulty). 
Dotted lines indicate ordinal WOMAC variable probabilities. A, Difficulty rising from a chair (women); B, Difficulty rising from a chair (men);  
C, Difficulty getting on and off the toilet (women); D, Difficulty getting on and off the toilet (men).
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to- stand test. In concordance with the sit- to- stand test results, 
we found suggestions of strength inflection points near 38 Nm 
for WOMAC items involving similar physical actions: rising from a 
chair and getting on and off the toilet. For women, these strength 
estimates were close to the median value of 52 Nm and the cut-
off for the lowest quintile of 33 Nm, respectively. These values 
provide thresholds in the sense that for knee extensor strength 
values above the threshold, the relationship between function 
and strength increased more slowly, but we did not find thresh-
olds where the relationship flattened out with no improvement in 
function above the threshold value. A comparison may serve to 
contrast relationships below or above the strength inflection point 
estimated for the 20- meter walk test. Our model estimates that 
for a 20% increase in strength for individuals whose strength fell 
below the inflection point, the improvement in walking time was 
nearly a second (for strength 40 Nm and 48 Nm, predicted walk-
ing times are 19.8 and 18.9 seconds, respectively), while for those 
above the inflection point, a 20% increase in strength resulted in a 
0.23- second faster walk time (for strength 60 Nm and 71 Nm, pre-
dicted walking times were 17.7 and 17.5 seconds, respectively.).

We have estimated the location of inflection points using 
visual and exploratory methods. While we are confident that these 
inflections occur close to the strength values presented here, the 
exact placements are likely different from our values. The P values 
used for testing individual threshold values suffer from a multiple 
testing problem, and small differences in thresholds would be very 
challenging to detect even with very large observational data sets.

Our findings are similar to other studies exploring thresholds of 
strength and function, that have not focused on individuals with arthri-
tis (6,8–10,24–26). In a population- based sample of older women 
with significant functional limitations, Ferrucci et al (9) found largely 
nonlinear associations between both hip flexor and knee extensor 
muscle strength and performance- based tests of walking speed, 
chair stands, and standing balance. Another study in community- 
dwelling women found thresholds of quadriceps strength below 
which performance of basic ambulatory tasks (gait speed, chair rise, 
stair ascent and descent) was likely to be  compromised (26).

Our findings, while cross- sectional and not examining treat-
ment effects, have important implications for rehabilitation strat-
egies. Identification and use of functionally relevant thresholds of 
quadriceps strength enables both the identification of appropriate 
patients and therapeutic guidance for rehabilitation interventions, 
with the goal of preserving physical function in individuals aging with 
knee OA. Knowing the specific targets for strength that may prevent 
or delay disability in women with symptomatic knee OA advances 
our ability to provide strengthening interventions that are most 
likely to result in clinically meaningful functional improvement. For 
those individuals whose strength is below the identified thresholds, 
strengthening interventions may improve functional performance 
on relevant tasks such as getting out of a chair and ascending 
stairs, while for those who are not weak and who are struggling with 
these functions, other rehabilitation interventions with less focus on 

strengthening, e.g., weight management, or attention to flexibility, 
or balance, may be preferred. This stratification of patients ech-
oes personalized medicine approaches and would be consistent 
with arguments favoring phenotype differences among OA patients 
(27–29) that would motivate different treatment approaches.

Although our data suggest thresholds of strength in women 
below which the strength function relationship is steeper, we found 
no such thresholds in men, who were in general much stronger 
than women (30,31). This sex difference is likely because a certain 
threshold of strength is needed to carry out these particular tasks 
and few men fell below this threshold. Therefore, we lacked statisti-
cal power to evaluate this relationship. In secondary analyses using 
the ratio of strength:weight as the exposure, for the 20- meter- walk 
test, only 17% of the individuals with the estimated ratio 0.74 Nm:kg 
were men. Men and stronger women may encounter thresholds 
with more difficult tasks, which were not included in this study.

The MOST data set has several key strengths for this type of 
analysis. MOST is a community sample that did not select individuals 
with OA based on the severity of disease. Participants in this sample 
were chosen to mirror a typical clinical situation in which patients 
with knee OA may be referred to physical therapy for strengthening. 
Although many individuals in this sample had advanced OA by K/L 
grade (Table 1) in the worst knee, this study should still be broadly 
representative of OA severity in the community, and therefore be 
representative of those seeking rehabilitative treatment for OA. Knee 
extensor strength was measured using an isokinetic dynamome-
ter, measuring knee strength while the leg is in motion, rather than 
pressing against a static instrument. We included both men and 
women, and because all participants had some level of OA, they 
represent a sample that is neither severely disabled, nor extremely 
healthy, but rather span a range of  performance.

A limitation of this analysis is that it is cross- sectional, although 
one might claim that the effects of strength on function should be 
immediate. This is not a treatment study, so the effectiveness of 
strengthening at different levels of advanced disease can not be 
predicted. In addition, control for other factors that affect function, 
such as pain, other muscle involvement, medical conditions, or 
psychosocial factors possibly would diminish the association of 
quadriceps strength with function, although quadriceps strength  
is likely to still be a major contributing factor for physical function.

Future studies should evaluate longitudinal associations of 
changes in strength and changes in function, exploring whether 
inflection points that appeared for some outcomes in this cross- 
sectional analysis are present in longer- term analyses, e.g., do weaker 
women (below the threshold at baseline) have different response 
over time compared to stronger women, or men? Future analyses 
should include individuals without OA and explore the role of other 
factors besides quadriceps strength, which may affect function, such 
as pain, hip or other muscle strength, other medical conditions, or 
psychosocial factors such as self- efficacy or depressive symptoms, 
because consideration of these factors may aid in tailoring rehabilita-
tion programs as well. More difficult or strenuous measures of func-
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tion and endurance should be evaluated to investigate other potential 
thresholds of strength that may occur in stronger individuals.

In summary, the major finding of this study in individuals with 
knee OA is evidence of strength thresholds in several basic func-
tional tasks, such as rising from a chair, in women but not in men. 
Although other factors also affect physical function capabilities, 
these thresholds in strength may provide a means of identifying 
individuals at the brink of disability, insofar as the contribution of 
quadriceps strength to basic functional tasks in daily life. These 
individuals may benefit most from strengthening interventions.
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Factors Associated With Patients’ Willingness to Consider 
Joint Surgery After Completion of a Digital Osteoarthritis 
Treatment Program: A Prospective Cohort Study
Anna Cronström,1 Håkan Nero,2 and Leif E. Dahlberg3

Objective. To examine patient willingness and a possible shift in willingness for surgery and to investigate factors 
associated with this shift, following participation in the digital nonsurgical osteoarthritis (OA) treatment program Joint 
Academy.

Methods. A total of 458 individuals (mean ± SD age 62 ± 5.6 years, 67% women) with diagnosed hip or knee OA 
were evaluated after 6 weeks in the Joint Academy program, comprising education and exercise as well as asynchro-
nous chat with a physical therapist. Data describing joint pain, health- related quality of life (the EuroQol 5- domain 
[EQ-5D] questionnaire in 3 levels), walking difficulties, the 30- second chair stand test, and willingness to consider 
surgery were collected at baseline and at 6 weeks.

Results. At follow- up, 31% of those participants willing to consider surgery at baseline no longer considered sur-
gery. Of those participants who were unwilling to consider surgery at baseline, 6% reconsidered and decided in favor 
of surgery at follow- up. Less pain and a higher EQ- 5D score at 6 weeks were associated with the change from being 
willing to unwilling to consider surgery at follow- up (odds ratio [OR] 0.67–1.64; P < 0.05). Worse pain, a lower EQ- 5D 
score, and having walking difficulties at 6 weeks, and a lower pain and EQ- 5D score improvement were associated 
with the change from being unwilling to willing to consider surgery at 6 weeks (OR 0.51–4.30; P < 0.005).

Conclusion. Evidence- based nonsurgical OA treatment, at least delivered in a digital format, may reduce the 
need for surgery and should therefore be offered as the first- line treatment option to patients with hip and knee OA. 
The results also support the idea that such treatment programs have the potential to improve selection of patients 
for total joint replacement.

INTRODUCTION

Total joint replacement (TJR) of the knee and/or hip is a com-
mon treatment for end- stage osteoarthritis (OA) and >1.2 million 
hip and knee TJRs are performed annually in the US alone, with 
an estimated total financial burden of 20 billion dollars (1). While 
the number of TJRs is expected to gradually rise with the increas-
ing aging population (2), some studies propose that this proce-
dure may not be effective for all patients (3), and in some cases 
TJR will even increase hospitalization and health care costs (4). 
Previous studies have shown that between 25% and 34% of all 
hip and knee TJRs may be inappropriate (5,6), and nearly one- fifth 
of patients undergoing TJR are not satisfied with the outcome (7).

According to international guidelines, first- line treatment in 
hip and knee OA should be based on education and  exercise, 

as well as weight loss if needed (8). To implement those guide-
lines, different self- management programs, including education 
and either optional (9) or compulsory (10,11) exercises aiming 
at improved strength and neuromuscular control, have been 
developed in Sweden (Better Management of Patients with 
OsteoArthritis [BOA]) in 2008 (9) and in Denmark (Good Life with 
Osteoarthritis in Denmark) (10,11) in 2013, and a similar pro-
gram, the stepped- care approach, is offered in the Netherlands 
(12). Findings from these programs show significant improve-
ments in pain level, physical function, and quality of life as well 
a decrease in medication intake and sick leave in patients with 
hip and knee OA that may last for up to 2 years after completion 
of the  program (10,13). Most importantly, findings also indicate 
that education and exercise may delay or reduce the need for hip 
and knee replacements in these patients (14–17). Despite these 
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findings, many patients do not receive adequate information on 
treatment options, and surgery is often offered before nonsurgi-
cal treatments have been adequately used (9,18,19).

Identifying the most appropriate patients as candidates for 
TJR is not a straightforward process, as the opinions regard-
ing indications for TJR seem to differ among physicians (20,21). 
In addition, findings from a systematic review highlight the fact 
that patients’ willingness to undergo surgery has been shown to 
be the most prominent indicator for referral to TJR in individuals 
with hip and knee OA (22). This fact may be problematic, since 
the willingness to consider TJR is influenced by factors such as 
sociodemographic status and expectations of surgery (22) and 
may not necessarily indicate future beneficial outcomes of sur-
gery. In a study by Hawker et al (23), more severe OA symptoms 
and impaired walking ability were reported to be associated with 
the patients’ willingness to consider TJR in an elderly population 
with symptomatic hip or knee OA in Canada. However, whether 
and how patients’ willingness to consider surgery may change 
after completing structured evidence- based nonsurgical OA 
treatment is unclear. Such knowledge may further improve the 
identification of patients eligible for TJR. Thus, the aim of this 
study was to investigate any possible shift in willingness to con-
sider surgery and to investigate factors associated with this shift, 
following completion of a digital treatment program for hip and 
knee OA, including education and exercise as well as asynchro-
nous chat with a physical therapist.

SUBJECTS AND METHODS

Intervention. This study adhered to the Strengthening 
the Reporting of Observational Studies in Epidemiology guide-
lines for observational studies (24). The intervention consisted 

of a  digital, nonsurgical OA treatment program (called Joint 
Academy), detailed in a previous publication (25). Briefly, the first 
6 weeks of the program comprise 8 video lectures about OA, 
physical activity, and self- management in OA as well as differ-
ent levels of exercises aimed at improving strength and neuro-
muscular control, based on each individual’s progression in the 
program. The participants are also able to chat asynchronously 
with a physical therapist throughout the duration of the program. 
Joint Academy is a digital version of the Swedish evidence- 
based face- to- face BOA self- management treatment program 
(9), and Joint Academy has previously been found to reduce 
pain and improve function and quality of life in patients with hip 
and knee OA (16,25).

SIGNIFICANCE & INNOVATIONS
• Willingness to consider surgery is the most promi-

nent indicator for referral to total joint replacement 
(TJR) in patients with hip and knee osteoarthritis (OA).

• Willingness for surgery may not necessarily indi-
cate future beneficial outcomes of surgery.

• After 6 weeks in a nonsurgical digital OA treatment 
program, 31% of those willing to consider surgery 
at baseline had reconsidered. Of those who were 
unwilling to consider surgery at baseline, 6% re-
considered and decided in favor of surgery at 6 
weeks. The shift in attitude, in either direction, was 
highly dependent on the success of the treatment 
 program in reducing the OA symptoms.

• A structured and evidence-based nonsurgical OA 
treatment program may reduce the need for TJR 
and should be offered as the first-line treatment op-
tion to patients with hip and knee OA. The patients’ 
willingness for TJR before completing nonsurgical 
OA treatment may be a poor indicator for surgery.

Figure 1. Flow chart of the inclusion process. OA = osteoarthritis.

Patients in Joint 
Academy
(n = 631)

Excluded
• Activity level <10% (n = 170)
• OA location other than hip or knee (n = 3)

Included
(n = 458)

Table 1. Baseline characteristics of included participants (n = 458)*

Characteristic Values

Women, % 67.8
Age, years 62 ± 5.6
Body mass index, kg/m2 26.9 ± 4.9
Working situation, %

Working 46.6
Retired 45.5
Unemployed 3.3
Sick- leave 4.2

OA medication last 6 months, % 49.9
Previous surgery to other joint, % 13.3
Pain location knee, % 58.2
Pain baseline 5.6 ± 2.2
Walking difficulties at baseline, % 84.5
30CST baseline median 

(quartiles)†
10 (8–12)

EQ- 5D baseline score 0.64 ± 0.2
Fear of physical activity at 

baseline, % 
23.6

Consider surgery at baseline, % 23.2
Compliance level in percentage 78.2 ± 17.3

* Values are the mean ± SD unless indicated otherwise. OA =  
osteoarthritis; 30CST = 30- second chair stand test; EQ- 5D =  
EuroQol 5- domain questionnaire. 
† Non- normally distributed data. 
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Participants. Of 631 participants who completed the Joint 
Academy program (16,25), register data from 458 patients (mean 
± SD age 62 ± 5.6 years, 67% women) between November 2015 
and January 2018 were used in this study. Inclusion criteria were 
hip or knee OA diagnosed by an orthopedic surgeon and/or a 
physiotherapist involved in the Joint Academy program; comple-
tion of the patients’ first 6- weeks in the treatment program for 
OA; and reporting at least 1 of the following factors at baseline 
and at 6 weeks: pain, health- related quality of life, and physical 
function. Exclusion criteria were reporting another joint than hip or 
knee as the primary OA location and a level of program compli-
ance of <10%. This level of compliance has been used in previous 
studies on the effect of Joint Academy (16,25) and was defined 
as the proportion of completed videos, exercises, and question-
naires offered in the program. A flow chart of the inclusion pro-
cess is shown in Figure 1. Participant characteristics are shown in 

Table 1. The study was approved by the Regional Ethics Review 
Board in Lund, Sweden (Dnr 2017/651; Dnr 2017/980), and all 

patients gave their informed consent at registration.

Data collection. The following demographic data were 
collected at baseline registration: age, sex, body mass index 
(BMI), employment status, primary OA location (hip or knee), 
previous surgery on any joint, and intake of OA medications 
during the last 6 months. Prior to starting the program (at base-
line) and at follow- up (at 6 weeks), the participants were asked 
whether they had any walking difficulties, whether they had any 
fear of physical activity, and whether they were willing to con-
sider surgery due to OA- related symptoms (yes/no). In addi-
tion, they were asked to fill out a questionnaire on health- related 
quality of life, the EuroQol 5- domain (EQ-5D) questionnaire in 
3 levels. The EQ- 5D includes questions about mobility, self- 

Table 2. Differences in baseline demographics, pain, and function between those 
participants who considered surgery at baseline and those who did not (n = 458)*

Factor Willing Unwilling P

Sex
Women 60 (19.4) 250 (80.6) 0.005†
Men 46 (31.1) 102 (68.9) –

Age, mean ± SD years 61 ± 9.5 62 ± 9.6 0.154‡
Body mass index, mean ± SD kg/m2 28 ± 5.7 26.5 ± 4.7 0.007§
Working situation (n = 423)

Working 48 (22.4) 166 (77.6) 0.642¶
Retired 43 (20.6) 166 (79.4) –

OA medication last 6 months
Yes 65 (28.5) 173 (71.5) 0.007†
No 41 (17.8) 189 (82.2) –

Previous surgery
Yes 22 (36.1) 39 (63.9) 0.005†
No 84 (21.2) 313 (78.9) –

Pain location
Hip 43 (22.5) 148 (77.5) 0.787¶
Knee 63 (23.6) 204 (76.4) –

Pain at baseline, mean ± SD 6.8 ± 1.8 5.2 ± 2.1 <0.001§
EQ- 5D score, mean ± SD 0.54 ± 0.19 0.68 ± 0.12 <0.001§
Baseline walking difficulties

Yes 102 (26.4) 205 (73.6) <0.001†
No 4 (5.6) 67 (94.4) –

Baseline 30CST, median (quartiles)# 10.0 (8–11) 10.0 (8–12) 0.02**
Fear of physical activity at baseline 32 (29.4) 77 (70.6) 0.078¶

* Values are the number (%) unless indicated otherwise. OA = osteoarthritis; EQ- 5D = 
EuroQol 5- domain questionnaire; 30CST = 30- second chair stand test. 
† Statistically significant by the chi- square test. 
‡ Independent t- test. 
§ Statistically significant by independent t- test. 
¶ Chi- square test. 
# Non- normally distributed data (n = 447). 
** Statistically significant by Wilcoxon signed rank test for non- normally distributed 
data. 
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care, usual activities, pain/discomfort, and anxiety/depression. 
A higher  EQ- 5D score indicates better health- related quality of 
life (26,27). Participants were also asked to rate their current 
pain on an 11- point numerical rating scale (NRS; where 0 = no 
pain and 10 = the worst possible pain) (28). Physical function 
was assessed using the  30- second chair stand test (30CST) 
(29), in which the number of repetitions of sitting to standing 
from a chair during a period of 30 seconds was recorded (self- 
reported).

Statistical analysis. All statistics were calculated using 
SPSS software, version 24. Data were explored for normal-
ity using visual inspection of histograms and interpretation of 
skewedness and kurtosis. All data met the assumptions of 
normality except physical function. To assess the proportion 
of cross  overs from considering surgery at baseline to not 
considering surgery after completion of the program, and the 
reverse, cross tabulation and the chi- square test were used. 
Cross tabulation and the chi- square test were also used when 
the data were dichotomous, and Student’s t- test (normally dis-
tributed data) and Wilcoxon’s signed rank test (non- normally 
distributed data) were used for continuous data, to assess dif-

ferences in demographics, pain, and function between those 
participants who were willing to consider surgery and those 
participants who were not. At 6 weeks, the cohort was divided 
into 2 groups, 1 group that had been willing to consider surgery 
at baseline (n = 104) and 1 group that had been unwilling to 
consider surgery at baseline (n = 348). Due to multicollinearity 
between pain, physical function, and walking ability, separate 
logistic regressions adjusted for age, sex, BMI, and previous 
surgery were performed to evaluate associations between each 
independent variable (pain, EQ- 5D score, fear of physical activ-
ity, walking difficulties, and 30CST) and the dependent variable 
of willingness to consider surgery, in the 2 groups at 6 weeks. 
In the group of patients who were willing to consider surgery 
at baseline, unwillingness to consider surgery at 6 weeks 
was given the value 1, and in the group of patients who were 
unwilling to consider surgery at baseline, willingness to con-
sider surgery at 6 weeks was given the value 1 in the regres-
sion analyses. For the purpose of regression, the EQ- 5D score 
(0–1) was multiplied by 10. P values less than or equal to 0.05 
were considered statistically significant. Due to the exploratory 
design of the study, no adjustments for multiple comparisons 
were made (30).

Table 3. Differences in pain and function at 6 weeks from baseline willingness to consider surgery*

Factor

Willing at baseline 
(n = 104)

Unwilling at baseline 
(n = 348)

Willing at 
6 weeks 
(n = 72)

Reconsidered at 
6 weeks 
(n = 32) P

Unwilling at 
6 weeks 
(n = 327)

Reconsidered 
at 6 weeks 

(n = 21) P

Pain at 6 weeks 5.8 ± 1.9 4.1 ± 2.4 <0.001† 3.6 ± 2.2 5.5 ± 2.2 0.001†
Change in pain, baseline to 6 

weeks
–1.3 ± 1.9 –2 ± 3.6 0.330‡ –1.5 ± 2.2 –0.5 ± 2.0 0.043†

EQ- 5D at 6 weeks 0.55 ± 0.18 0.69 ± 0.18 0.001† 0.72 ± 0.12 0.56 ± 0.16 <0.001†
Change in EQ- 5D, baseline to 6 

weeks
0.05 ± 0.15 0.06 ± 0.12 0.806‡ 0.04 ± 0.13 –0.04 ± 0.13 0.011†

Walking difficulties at 6 weeks, % 
Yes 73.3 26.6 0.031§ 90.9 9.1 0.009§
No 46.7 53.3 – 97.9 2.1 –

Fear of physical activity at 6 
weeks, % 

Yes 80.0 20 0.341¶ 95.7 4.3 0.687¶
No 67.8 32.2 – 93.5 6.5 –

30CST at 6 weeks, median 
(quartiles)#

11 (9–15) 12 (10–15) 0.289** 12 (10–16) 12 (9–15) 0.18**

Change in 30CST, baseline to 6 
weeks

1.9 ± 4.5 2.2 ± 3.5 0.755‡ 2.2 ± 4.2 2.74 ± 4.9 0.602‡

* Values are the mean ± SD unless indicated otherwise. EQ- 5D = EuroQol 5- domain questionnaire; 30CST = 30- second chair stand test. 
† Statistically significant by independent t- test. 
‡ Independent t- test. 
§ Statistically significant by the chi- square test. 
¶ Chi- square test. 
# Non- normally distributed data. 
** Wilcoxon signed rank test for non- normally distributed data. 
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RESULTS

After 6 weeks in the nonsurgical digital OA treatment  program, 
32 of 104 participants (31%) of those who were willing to consider 
surgery at baseline no longer considered surgery. Of those who 
were unwilling to consider surgery at baseline, 21 of the 348 par-
ticipants (6%) reconsidered and decided in favor of surgery after 6 
weeks (P < 0.001).

Differences between those participants who were 
willing to consider surgery at baseline and those who 
were not. Male participants, participants taking any OA- related 
medication during the last 6 months, those who had had previous 
surgery, and participants reporting walking difficulties at baseline 
were more likely to be willing to consider surgery at baseline (P < 
0.05). Participants who considered surgery at baseline also had a 
higher BMI, greater pain, a lower EQ- 5D score, and worse physi-
cal function at baseline compared to those participants who were 
unwilling to consider surgery (P < 0.05). No differences in age, 
working situation, pain location, or fear of physical activity were 

observed (Table 2).

Factors associated with the shift from being will-
ing to consider surgery at baseline to no longer con-
sidering surgery after completion of the program. Of 
participants who said they had considered surgery at base-
line, those who reconsidered after completion of the program 
were less likely to have walking difficulties at 6 weeks and had 
less pain and a higher EQ- 5D score at 6 weeks than those 
who still considered having surgery after completion of the 
program (P < 0.005) (Table  3). After adjusting for age, sex, 
BMI, and previous surgery, the only variables associated with 
the shift from willingness to consider surgery to no longer 
considering surgery at 6 weeks were less pain at 6 weeks 
(odds ratio [OR] 0.67) and a higher EQ- 5D score (OR 1.64). 
In other words, for every step- increase in NRS pain, the like-
lihood of having reconsidered after the program decreased 
by 33%, and for every 0.1 step increase in the EQ- 5D score, 
the likelihood of having reconsidered increased by 64% 
(Table 4 and Supplementary Table 1, available on the Arthri-
tis Care & Research web site at http://onlin elibr ary.wiley.com/

doi/10.1002/acr.23772/ abstract).

Factors associated with the shift from being 
 unwilling to consider surgery at baseline to willingness 
to consider surgery after completion of the program. Of 
participants who said they were unwilling to consider surgery at 
baseline, those who reconsidered were more likely to have walk-
ing difficulties, a lower EQ- 5D score at 6 weeks, and greater pain 
at 6 weeks. They had also experienced smaller improvements 
in pain and the EQ- 5D score compared to those who still did 
not consider surgery (Table 3). The adjusted regression models 

showed that worse pain at 6 weeks (OR 1.63), a lower EQ- 5D 
score at 6 weeks (OR 0.51), less pain improvement (OR 1.30), a 
smaller EQ- 5D score improvement (OR 0.63), and having walk-
ing difficulties at 6 weeks (OR 4.30) were independently associ-
ated with the shift from being unwilling at baseline to being will-
ing to consider surgery at 6 weeks (Table 4 and Supplementary 
Table 1, available on the Arthritis Care & Research web site at 
http://onlin elibr ary.wiley.com/doi/10.1002/acr.23772/ abstract).

DISCUSSION

In this first study to our knowledge investigating factors 
associated with the shift in willingness to consider surgery after 
participation in a digital nonsurgical treatment program for OA, 
nearly one- third of the participants changed their attitude and no 
longer considered surgery after completion of the program. Less 
pain and a better health- related quality of life after completion of 
the program were independently associated with the participants’ 
shift from being willing to unwilling to consider surgery at 6 weeks. 
Worse pain, health- related quality of life, and walking ability, and 
less improvement in pain and health- related quality of life after 
completing the program were independently associated with the 
participants’ shift from being unwilling to willing to consider sur-
gery at 6 weeks.

Table 4. Factors associated with the shift in willingness to consider 
surgery after completion of the program, adjusted for age, sex, and 
body mass index*

Independent variable
Adjusted OR 

(95% CI) P†

Shift from willing to 
unwilling

Pain at 6 weeks (n = 104) 0.67 (0.53–0.85) <0.001
EQ- 5D score at 6 weeks 

(n = 103)
1.64 (1.17–2.30) 0.004

Shift from unwilling to 
willing

Pain at 6 weeks (n = 347) 1.63 (1.27–2.08) <0.001
Pain change (n = 347) 1.30 (1.07–1.48) 0.009
Walking difficulties at 6 

weeks (n = 347)
4.30 (1.24–14.94) 0.022

EQ- 5D score at 6 weeks 
(n = 343)

0.51 (0.39–0.67) <0.001

EQ- 5D score change  
(n = 343)

0.63 (0.44–0.88) 0.007

* The dependent variable is willingness to consider surgery after 
completion of the program (at 6 weeks). Number of participants 
who shifted from willing to unwilling: n = 32; number of partici-
pants who shifted from unwilling to willing: n = 21. OR = odds ratio; 
95% CI = 95% confidence interval. For the purpose of regression 
the EuroQol 5- domain questionnaire (EQ- 5D) score was multiplied 
by 10. 
† All P values are statistically significant. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23772/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23772/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23772/abstract
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Consistent with previous research, worse OA symptoms 
were associated with a willingness to consider surgery before 
entering the treatment program (23), whereas age and work situa-
tion seem to have little importance. We also found men to be more 
willing to consider surgery at baseline than women. This finding 
is in contrast, however, with a recent review that showed men 
and women to be equally willing to consider surgery due to OA- 
related symptoms, but that women were less likely than men to 
be referred to surgery, despite OA severity (22). Post hoc analyses  
revealed no differences in OA symptoms between men and 
women, but a higher proportion of the men (22% versus 9%) in 
this cohort had undergone a previous TJR in another joint. Given 
that previous surgery was associated with willingness to have sur-
gery, experiences and expectations of surgery may be one expla-
nation for the fact that a higher proportion of the men compared 
to women considered surgery in this study.

As shown in previous research (23) and the baseline data 
in the current study, the severity of OA symptoms may influence 
willingness to consider surgery. However, whether completing a 
nonsurgical treatment program aimed at reducing OA symptoms 
may alter the attitude toward surgery in either direction has not 
been previously clarified. In the current study, 31% of those par-
ticipants who considered surgery as a treatment option before 
entering the online OA treatment program reconsidered and no 
longer considered surgery as an option after completion of the 
program. This result is in line with previous studies that showed a 
reduction in surgery interest of between 24% and 67% after par-
ticipants were enrolled in structured nonsurgical treatment pro-
grams including education and exercise (14,16,17).  Furthermore, 
in another study, only 26% of patients eligible for TJR actually 
underwent surgery after being enrolled in a nonsurgical treat-
ment option (15). This is the first study to investigate whether 
completing a nonsurgical treatment program may be associated 
with crossing over from being unwilling to consider surgery at 
baseline to being willing to consider surgery after the program. 
In the current study, approximately 6% of the participants shifted 
in this direction. The adjusted result from this study indicates that 
patients who experienced reduced pain and better health- related 
quality of life after completing the program more often changed 
their mind and no longer considered surgery. On the other hand, 
some of the patients who did not consider surgery at baseline  
and then experienced small improvements in pain level and 
health- related quality of life, and who still had walking difficulties 
after the program, also reconsidered and changed their prefer-
ence in favor for TJR. For example, the improvements in pain in 
the group who were willing to consider surgery at baseline but 
reconsidered after completion of the program correspond to a 
clinically significant change (–2 points on an NRS) (31), whereas 
the participants who still considered surgery or were unwilling 
at baseline but reconsidered after completion of the program 
did not reach clinically significant changes. That is, the individ-
ual patient’s willingness to consider surgery after the program is 

highly dependent on the success of the treatment program in 
reducing their OA symptoms.

In TJR, identifying the patients for whom surgery will be 
beneficial is a crucial matter. Today, approximately 20% of the 
patients who undergo TJR for hip or knee OA are not satisfied 
with the result, which, to some extent, may be attributed to pre-
surgery expectations (7). Studies also showed that the willingness 
to consider surgery is highly dependent on factors not related to 
OA symptoms, such as social network, socioeconomic status, 
and expectations of surgery (32). The result from this study indi-
cates that a significant number of patients will change their atti-
tude toward surgery, in either direction, after completing a treat-
ment program including education and exercise. Thus, offering 
nonsurgical treatment to patients with hip and knee OA before 
they make any decision regarding TJR is essential. In this study, 
approximately one- third of the participants no longer consid-
ered surgery after the program. This number also corresponds 
to the proportion of performed hip and knee TJRs that may be 
deemed inappropriate each year (6). In other words, in the US 
alone, unnecessary surgery costing approximately $8.3 billion is 
performed annually (1). Furthermore, some patients (6%) changed 
their attitude in the opposite direction. Given this fact, a struc-
tured nonsurgical treatment program, when delivered in a digital 
format online, may reduce the need for TJR and the financial bur-
den of inappropriate surgeries, and in addition assist in selecting 
those for whom surgery will be beneficial and therefore may also 
increase the postsurgery satisfaction rate.

Some limitations of this study should be recognized. First, 
similar to previous studies on the effect of the Joint Academy 
 program (16,25), to increase study power, the lowest level of 
compliance with the program to be eligible for this study was 
set at 10%. This setting is a relatively low compliance level, and 
thus the results in this study may be underestimated, compared 
to what might have been the case if a higher compliance level in 
the program had been used. However, since the mean level of 
compliance in the program was 78%, the compliance level did not 
likely have an effect on the result. Second, we combined patients 
with hip and knee OA into 1 group in the analyses. Patients with 
hip and knee OA are suggested to constitute 2 populations with 
different expectations of surgery and different surgical outcomes 
(33), and separate analyses may thus be warranted. However, 
post hoc analyses revealed no difference in baseline pain and 
function or willingness to consider surgery between those partici-
pants with hip and knee OA (33). Thus the location of OA, i.e., the 
hip or knee joint, did not likely affect the results in this study.

Third, due to the choice of an observational study design, 
we do not know whether the results of the digital management 
program are generalizable to patients receiving no treatment or 
those undergoing face- to- face programs, such as BOA  (9)  or 
Good Life with Osteoarthritis in Denmark (10). Future results from 
ongoing studies may give further insight into these questions (34). 
Nevertheless, nonsurgical OA management programs including 
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education and exercise are evidence- based, and data indicate 
that this digital program encouraging patients to carry out daily 
treatment may be at least as effective in reducing OA symp-
toms as face- to- face treatment  (16), and also add long- term  
effects  (35). Therefore, the present results are likely  to apply 
for all types of nonsurgical OA treatments that include educa-
tion and exercise, regardless of how they are delivered. Fourth, 
willingness to consider TJR was only evaluated after 6 weeks 
in the program, and future studies on the long- term willingness 
for TJR after participation in such OA treatment program are 
thus warranted. However, Skou et al (15) showed that 75% of 
patients appointed for knee TJR reconsidered after completion of 
a nonsurgical treatment program. At follow- up 1 year later, those 
patients still did not find a knee replacement necessary, indicating 
long- term effects.

Finally, individual decision-making on important health care 
aspects such as TJR is complex and cannot solely be explained 
by the factors investigated in this study. Qualitative studies have 
highlighted factors such as ability to cope with pain, expectations 
of surgery, the patient- doctor relationship, and personal views on 
eligibility criteria for TJR to be important factors when experienc-
ing hip and knee OA and considering TJR (22,33). None of these 
factors were evaluated in this study. Furthermore, the decision- 
making process can be divided into 2 stages, the deliberation 
stage, when the patients consider their options, gather information 
and review the advantages and disadvantages of these options, 
and the decision- making stage, where the actual decision is 
determined (36). In a recent review, Barlow et al (33) discuss the 
fact that future research is needed to investigate the likelihood of 
patients to go back to the deliberation stage if their OA symptoms 
decrease. The result from this study provides evidence that points 
in that direction. However, studies that include satisfaction after 
TJR as well as qualitative studies that include patients who have 
already completed a structured nonsurgical treatment program 
are warranted, to improve our understanding of the individual fac-
tors that are involved in TJR decision-making after nonsurgical 
treatment, and to further improve the identification of patients who 
should be referred to TJR.

Structured nonsurgical OA treatment, when delivered in a 
digital format online, may reduce the number of patients inter-
ested in having surgery and can possibly delay or reduce the 
need for surgical joint replacement. The result showing that 
one- third of the patients who were willing to consider surgery 
before entering the online OA treatment program reconsidered 
after completion supports the idea that exercise and education 
should be offered as the first- line treatment option for patients 
with hip and knee OA. A patient’s willingness to have TJR before 
nonsurgical OA treatment may therefore be a poor indicator for 
surgery. Less improvement in pain, walking ability, and health- 
related quality of life after completion of the  program may 
cause the patients to change their attitude in favor of surgery. 
Taken together, these results show that a patient’s attitude for 

and against surgery may shift after  program completion. This 
result suggests that participation in a structured evidence- 
based nonsurgical OA treatment  program has the potential to 
improve selection of patients for TJR.
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Relationship Between Hip Morphology and Hip- Related 
Patient- Reported Outcomes in Young and Middle- Aged 
Individuals: A Population- Based Study
Jacek A. Kopec,1 Hong Qian,2 Jolanda Cibere,1 Hubert Wong,3 Linda C. Li,1  Morgan Barber,4 Helen M. Prlic,4 
Charlie Zhang,5 Charles Ratzlaff,6 Bruce B. Forster,3 and John M. Esdaile,1 on behalf of the IMPAKT-HIP Study 
Team

Objective. Radiographic measurements of the alpha angle and the lateral center edge (LCE) angle in the hip joint 
are important for the diagnosis of femoroacetabular syndrome, a potential risk factor for hip osteoarthritis. Our ob-
jective was to determine whether these measurements are associated with hip- related patient- reported outcomes in 
young and middle- aged individuals.

Methods. A stratified random sample of white men and women ages 20–49 years, with and without hip pain, was 
selected using random digit dialing from the population of metro Vancouver, Canada. The alpha and LCE angles were 
measured bilaterally on radiographs using Dunn and anteroposterior views, respectively. Patient- reported outcomes 
were measured by the Copenhagen Hip And Groin Outcome Score (HAGOS), which has scales for symptoms, pain, 
daily activities, sports, physical activity, and quality of life (QoL). We performed descriptive analyses and a regression 
analysis with restricted cubic splines, adjusted for age and sex and weighted for the sampling design.

Results. Data were obtained for 500 subjects. The alpha angle distribution was strongly skewed, with a mean of 
54°. The LCE angle distribution was symmetric, with a mean of 34°. In the restricted cubic splines analysis, the rela-
tionship between the alpha angle and HAGOS scores was nonlinear, with higher alpha angles generally associated 
with worse HAGOS scores for alpha >60°. The associations were statistically significant for symptoms, sports, and 
QoL. No association was found between the LCE angle and HAGOS scales.

Conclusion. In a general population sample ages 20–49 years, we have found an association between the alpha 
angle and hip- related patient- reported outcomes.

INTRODUCTION

Femoroacetabular impingement has been proposed as 
an important risk factor for hip pain and hip osteoarthritis (OA) 
(1,2). A recent consensus statement defined femoroacetabular 
impingement syndrome (FAIS) as a combination of symptoms in 
the hip joint associated with activity, physical signs (mainly range 
of motion limitations due to pain), and radiographic evidence of 
cam or pincer morphology (CPM) (3). Cam morphology is a bony 
prominence at the femoral head- neck junction, whereas pincer 
morphology is an excessive coverage of the femoral head by the 
acetabulum (1–3). Common radiographic measurements used 

to determine CPM are the alpha angle for cam and the lateral 
center edge (LCE) angle and crossover sign for pincer (4).

Over the past decade, epidemiologic studies have shown 
a correlation between advanced hip OA and cam morphology 
(5–9). Nonsurgical treatment and surgical correction of CPM 
are increasingly offered to patients with FAIS (10). However, 
the concept of FAIS is relatively new, and important ques-
tions surrounding the epidemiology of this condition remain 
to be elucidated (3). A recent systematic review of 30 studies 
showed that the current data are insufficient to estimate the 
population prevalence of cam morphology or to determine its 
relationship with pain (11).
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Studies of the association between CPM and pain have 
produced inconsistent results. While several authors reported 
no significant differences in hip morphology between those 
individuals with and without hip pain (12–16), some studies 
showed cam morphology to be predictive of pain and other 
symptoms in athletes and other selected groups (17–19). In a 
recent population- based study, CPM (defined as alpha >55°, 
LCE >40°, or crossover sign) was found in 49% of individuals 
with hip symptoms and 44% of asymptomatic controls, but the 
difference was nonsignificant in a multivariate analysis (20).

The lack of a significant association between CPM and 
symptoms in several published studies may be due to a num-
ber of reasons. First, hip pain in individuals with CPM may 
depend on the level of physical activity (20). Second, the 
relationship between CPM and pain may be nonlinear (5), so 
that showing an association would be more difficult. Third, 
the association may be limited to certain forms of CPM (e.g., 
cam morphology) or severity levels (e.g., a high alpha angle) 
(18). Finally, in some of the previous studies, the sample size 
may have been too small and/or the measurements of CPM 
(e.g., use of anteroposterior view) and pain (e.g., yes/no) too 
imprecise and insufficiently sensitive to detect an association. 
The purpose of the current study was to determine whether 
radiographic measurements of alpha angle and LCE angle, 
treated as continuous variables, are associated with hip- 
related patient- reported outcomes in young and middle- aged 
individuals in the general population.

SUBJECTS AND METHODS

Study design and subjects. A random sample of white 
men and women ages 20–49 years was selected using random 
digit dialing from the population of metro Vancouver, Canada. 
The sample was stratified according to hip pain, as assessed 

in a telephone interview. Pregnant women and individuals with 
bilateral hip replacement were excluded. Subjects who agreed 
to participate obtained radiographs of both hips and filled out a 
self- administered questionnaire. All subjects provided informed 
consent and the study was approved by the University of British 
Columbia Clinical Research Ethics Board.

Radiographic measurements. Standardized radiographs 
of the pelvis (anteroposterior) and Dunn views of both hips were 
obtained, as described in detail in a previous study (21). For the 
anteroposterior pelvis view, the subject was in a weight- bearing 
position, with legs internally rotated 15°. For the bilateral Dunn 
view, the subject was supine and the hip was positioned in 45° 
flexion and 20° abduction while maintaining neutral rotation. The 
alpha angle was defined in the Dunn view as the angle formed by 
the axis of the femoral neck and a line connecting the center of 
the femoral head to the point where the contour begins to stray 
from a spherical radius (4). The LCE angle was defined in the  
anteroposterior view as the angle between a line through the center 
of the femoral head, perpendicular to the transverse axis, and a 
line through the center of the femoral head, passing through the 
most superolateral point of the sclerotic weight- bearing zone of the 
acetabulum (4). All radiographic measurements were performed by 
a single, trained reader. In a reliability study in 49 subjects with the 
same reader, the intrarater intraclass correlation coefficient (ICC) 
was 0.97 for the alpha angle and 0.87 for the LCE angle (21).

Assessment of patient- reported outcomes. To mea-
sure patient- reported outcomes we used the Copenhagen Hip 
And Groin Outcome Score (HAGOS) (22). HAGOS is a validated, 
multidimensional 37- item instrument developed specifically for 
use in young to middle- aged patients with chronic hip and/or 
groin pain and recommended by Griffin et al (3) for assessing out-
comes in FAIS. It consists of 6 subscales: symptoms (7 items), 
pain (10 items), physical function in daily living (activities of daily 
living [ADL], 5 items), physical function in sport and recreation 
(sports, 8 items), participation in physical activities (2 items), and 
hip and/or groin- related quality of life (QoL, 5 items). Each scale is 
scored on a scale of 0–100, with a higher score indicating better 
health. Internal consistency and reliability in the validation study 
were high, with Cronbach’s alpha ranging from 0.79 (symptoms) 
to 0.91 (pain) and test–retest ICC from 0.82 (physical activities) 
to 0.91 (ADL) (22). Construct validity and responsiveness of the 
HAGOS scales were also assessed and found adequate (22,23).

Statistical analysis. We calculated weighted percentages 
for demographic variables and weighted means, medians, and fre-
quency distributions for CPM measurements and HAGOS scores. 
To assess the relationship between radiographic  measurements 
and HAGOS scores, we used weighted linear regression adjusted 
for age and sex. In the model, the potential nonlinear relations 
were identified using restricted cubic splines with 3 knots placed at 

SIGNIFICANCE & INNOVATIONS
• Hip morphology is considered a risk factor for the 

development of hip pain and osteoarthritis, but re-
ports on the association between hip morphology 
and hip-related patient-reported outcomes have 
been inconsistent.

• This is the first study to our knowledge to demon-
strate a significant effect of cam morphology (and 
no effect of pincer morphology) on patient-reported  
outcomes, such as hip symptoms, limitations in 
sports activities, and quality of life, in young and 
middle-aged individuals in the general population.

• The study also shows that this relationship is non-
linear and limited to an alpha angle above 60°, 
which supports previous recommendations to use 
this cutoff for the diagnosis of femoroacetabular 
impingement syndrome.
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the 5th, 50th, and 95th percentiles. Splines are smooth functions 
that can assume virtually any shape, and the most useful type of 
spline is generally a cubic spline function, which is restricted to 
be smooth at the junction of each cubic polynomial (24). P values 
were obtained for tests of overall association and nonlinearity. The 
analysis was done by selecting for each subject the worst hip, 
defined as the hip with a largest alpha or LCE angle. All descriptive 
statistics and analyses were conducted using Proc Survey proce-
dures in SAS software, version 9.4, to account for the sampling 
design of the study. We performed a sensitivity analysis of the 
associations between alpha angle and HAGOS scales restricted 
to individuals reporting any hip pain.

RESULTS

A sample of 858 potential subjects was generated by the 
random digit dialing screening and we were able to contact 754 
(87.9%). Of those, 254 (33.7%) did not provide data: 41 were inel-
igible, 66 not interested, 84 not available, 53 declined for other/
unknown reasons, and 10 were excluded due to incomplete 
data. Thus, data were obtained for 500 subjects, of whom 64% 
(unweighted percentages) were female, 68% were ages 40–49 
years, 44% had a college education, 21% had a body mass index 

(BMI) ≥30, and 5% reported a hip injury in the past (Table 1).
The weighted mean alpha angle was 54.7° (95% confi-

dence interval [95% CI] 53.7–55.8, median 53) on the left side 
and 54.1° (95% CI 53.1–55.0, median 52) on the right side. 

The mean LCE angle was 34.3° (95% CI 33.7–34.9, median 
34) on the left side and 34.6° (95% CI 34.0–35.2, median 34) 
on the right side (Table 2). Figure 1 shows the weighted dis-
tributions of the 2 angles. For the alpha angle, the distribution 
was strongly skewed and possibly bimodal. The LCE angle 
distribution was symmetric. Weighted mean scores for HAGOS 
scales ranged from 80.1 (95% CI 77.2–83.0, median 78.7) 
for physical activity to 93.6 (95% CI 92.3–94.9, median 96.0) 
for ADL. HAGOS scores did not differ significantly between 
groups classified according to alpha angle ≤60° versus >60° 

and LCE angle ≤40° versus >40° (Table 3).
In the restricted cubic spline analysis, the relationship between 

the alpha angle and HAGOS scales was nonlinear. The shapes of 
the curves were similar for all scales (see Supplementary Figure 1,  
available on the Arthritis Care & Research web site at http://onlin 
elibr ary.wiley.com/doi/10.1002/acr.23774/ abstract). Among those 
with an alpha angle >60°, the graphs showed HAGOS scores to 
be worse for higher alpha values. Statistically significant nonlinear 
associations (P < 0.05) were identified for the symptoms, sports, 
and QoL scales  (Figure 2). No association was found between the 
LCE angle and any of the HAGOS scales (data not shown).

Sensitivity analyses. In an analysis among individuals 
reporting hip pain, the alpha angle in the worst hip was statis-
tically significantly associated with the symptoms, pain, sports, 
and QoL scales (see Supplementary Figure 2, available on the 
Arthritis Care & Research web site at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.23774/ abstract). A nonlinear associa-
tion was identified for symptoms only, though the slopes of the 

Table  2. Weighted radiographic measurements and HAGOS 
scores in the study population*

Variable Mean (95% CI) Median (95% CI)

Radiographic, degrees
Alpha angle left hip 54.7 (53.7–55.8) 53 (52–53)
Alpha angle right hip 54.1 (53.1–55.0) 52 (52–53)
Alpha angle worst hip 55.4 (54.4–56.4) 53 (53–54)
LCE angle left hip 34.3 (33.7–34.9) 34 (34–35)
LCE angle right hip 34.6 (34.0–35.2) 34 (33–35)
LCE angle worst hip 35.3 (34.7–35.9) 35 (34–36)

HAGOS scale scores
Symptoms 86.8 (85.2–88.5) 89.9 (87.5–91.7)
Pain 91.5 (89.9–93.1) 97.7 (96.4–98.0)
ADL 93.6 (92.3–94.9) 96.0 (95.5–96.6)
Sports 91.3 (89.8–92.9) 97.0 (95.6–97.5)
PA 80.1 (77.2–83.0) 78.7 (73.4–85.0)
QoL 88.4 (86.4–90.4) 95.3 (92.5–96.0)

* HAGOS = Copenhagen Hip And Groin Outcome Score; 95% CI = 
95% confidence interval; LCE = lateral center edge; ADL = activities 
of daily living; Sports = physical function in sport and recreation; PA 
= participation in physical activities; QoL= hip and/or groin- related 
quality of life. 

Table 1. Descriptive data for the study sample (n = 500)*

Variable Values
Weighted % 

(95% CI)

Sex
Male 181 (36.2) 48.9 (41.6–56.2)
Female 319 (63.8) 51.1 (43.8–58.4)

Age, years
20–29 50 (10.0) 32.2 (23.8–40.6)
30–39 109 (21.8) 31.4 (25.1–37.7)
40–49 341 (68.2) 36.4 (30.5–42.3)

Education
High school or less (0–13 grade) 101 (20.2) 27.3 (20.0–34.6)
Vocational or some college 178 (35.6) 27.8 (21.8–33.7)
College or university 221 (44.2) 44.9 (37.7–52.1)

Body mass index, kg/m2

<25 241 (48.2) 58.8 (51.9–65.6)
25–29.9 155 (31.0) 26.1 (20.3–31.9)
≥30 104 (20.8) 15.1 (10.6–19.6)

Hip injury
Yes 26 (5.2) 2.0 (0.8–3.1)
No 474 (94.8) 98.0 (96.9–99.2)

* Values are the number (%) unless indicated otherwise. 95% CI = 
95% confidence interval. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23774/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23774/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23774/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23774/abstract
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curves for alpha >60° appeared steeper than those observed in 
the weighted pain and nonpain combined analyses.

DISCUSSION

The purpose of this study was to assess the association 
between radiographic measurements of hip morphology (cam 
and pincer) and patient- reported hip- related outcomes in individ-
uals ages 20–49 years, selected from the general population. The 

mean alpha and LCE angles in our study were similar to those 
reported by Frank et al for asymptomatic hips (25). In a systematic 
review of cam and pincer morphology prevalence studies, these 
authors found mean values of 54.1° and 31.2° for alpha and LCE 
angles, respectively.

In an analysis using restricted cubic splines, we have 
found a relationship between HAGOS scores and the alpha 
angle, but not the LCE angle. The general shape of the rela-
tionship was similar for all 6 HAGOS scales and consistently 

Table 3. Weighted mean HAGOS scores according to alpha angle and LCE angle (worst hip)*

HAGOS scale
Alpha ≤60° 
(n = 413)

Alpha >60° 
(n = 87)

LCE ≤40° 
(n = 457)

LCE >40° 
(n = 43)

Symptoms 86.5 (84.8–88.3) 88.0 (83.4–92.6) 86.8 (85.1–88.5) 87.1 (79.1–95.1)
Pain 91.6 (89.9–93.2) 91.3 (86.9–95.8) 91.5 (89.9–93.2) 91.4 (83.7–99.0)
ADL 93.5 (92.2–94.8) 94.0 (90.4–97.7) 93.7 (92.5–95.0) 92.2 (84.4–100.0)
Sports 91.3 (89.7–92.9) 91.4 (87.2–95.5) 91.4 (89.8–92.9) 90.4 (82.2–98.6)
PA 80.5 (77.4–83.6) 78.7 (70.9–86.4) 79.8 (76.8–82.9) 83.8 (73.3–94.4)
QoL 88.0 (85.8–90.2) 89.9 (85.1–94.6) 88.2 (86.2–90.3) 89.9 (82.1–97.7)

* Values are the Copenhagen Hip And Groin Outcome Score (HAGOS) (95% confidence interval). LCE = lateral center edge; ADL = activities of 
daily living; Sports = physical function in sport and recreation; PA = participation in physical activities; QoL = hip and/or groin- related quality 
of life. 

Figure 1. Weighted distributions of A, alpha angle and B, lateral center edge (LCE) angle in the study population for the left hip, right hip, and 
worst hip.
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indicated a negative correlation (a higher alpha correlated with 
a worse score) for alpha >60°. The slope of the curve was sig-
nificantly different from the null for 3 scales: symptoms, sports, 
and QoL. This finding may be due to discrepancies in how dif-
ferent outcomes are measured and related to CPM. For exam-
ple, the pain questions in HAGOS ask about the frequency of 
hip/groin pain, pain on walking on various surfaces, pain on 
walking up/down stairs, standing, sitting, and lying, as well 
as bending and straightening the hip. These normal activities 
may be less likely to cause pain as a result of hip morphology. 
Furthermore, the physical activity scale has only 2 items and is 
the least reliable of the HAGOS scales (22). In contrast, other 
HAGOS scales ask about difficulty in performing more specific 
movements, for example, “stretching your legs far out to the 
side” (symptoms), more demanding activities, such as “run-
ning as fast as you can” (sports), and their impact on QoL. 
Such questions may be more sensitive to the effect of cam 
morphology, and if so, our results are plausible and consistent 
with the current concept of FAIS.

The graphic representation of the nonlinear relationship 
between alpha angle and HAGOS scores can be used to assess 
the clinical importance of the effect observed. For example, the 
predicted symptoms score for a man age 42 years with an alpha 
angle of approximately 80° would be close to 75 (of 100), com-
pared with a score close to 90 for alpha 55–60°. This difference 
would be considered large and clinically important. On the other 
hand, as shown in Table 3, the difference in symptoms scores 

between those with alpha scores >60° versus ≤60° is only 1.5, 
i.e., very small and clinically insignificant.

Our sensitivity analysis generally confirmed the results 
observed in the main analysis. The relationship appeared stronger 
when the analysis was restricted to individuals reporting any hip 
pain. While this result is not generalizable to the population at large, 
it is plausible. We would expect the association of alpha angle with 
hip function and pain to be stronger and easier to detect in this 
group, compared to a general population sample in which most 
subjects report no hip pain.

Both in clinical settings and epidemiologic studies, various 
cutoff values for the alpha angle have been proposed to deter-
mine whether cam morphology is present and to diagnose FAIS 
(3). The cutoff values for the alpha angle in published studies 
varied from 50° to 83° and none of the published studies was 
truly population- based (11). Owing to differences in popula-
tions, definitions, and methods of assessment, the prevalence 
of cam morphology has been difficult to determine. In our study, 
the population (weighted) proportions of individuals ages 20–49 
years with cam morphology (worst side) ranged from 87.3% for 
alpha >50° to 24.6% for alpha >55°, 20.4% for alpha >60°, and 
10.4% for alpha >65° (Figure 1). In their analysis of data from 
the Chingford and the Cohort Hip and Cohort Knee  studies, 
Agricola et al (7) suggested alpha >60° as the best cutoff point to 
define cam morphology, based on the bimodal distribution they 
observed. In our data, a greater alpha score was associated with 
lower patient- reported outcomes scores when the alpha was 
above 60°, which would support this cutoff.

Our data may also show a negative impact on hip outcomes 
at lower alpha values (alpha <50°). This possibility should be 
treated with caution, because our data in this range were sparse, 
and we are not aware of other studies showing a similar associ-
ation (although a nonlinear relationship between the alpha angle 
and radiographic OA risk was reported by Thomas et al [5]).

We have found no association between HAGOS scores and 
the LCE angle. This result is unlikely to be due to sample size or 
other methodologic aspects of the study. The LCE distribution 
in our study was symmetric, with a mean similar to that found in 
other studies (25). In a previous study, we reported unweighted 
prevalence of pincer morphology (LCE angle >40°) to be 8% in 
subjects with pain and 9% in asymptomatic controls (20). To 
our knowledge, no study has shown a significant association 
between hip symptoms, function, or OA and isolated pincer 
morphology or a high LCE angle. On the other hand, a low LCE 
angle, indicative of hip dysplasia, may be associated with OA 
(26). It is possible that the LCE angle is not an optimal measure 
of pincer morphology; however, another common measure, the 
crossover sign, has been criticized for low specificity in assess-
ing retroversion of the acetabulum (27) and therefore was not 
used in the current analysis. In a recent review of the criteria for 
the surgical treatment of FAIS, Peters et  al (28) reported that 
the LCE angle was used in approximately half of the studies. 

Figure  2. Relationship between the alpha angle and the 
Copenhagen Hip And Groin Outcome Score symptoms scale. 
The figure shows the predicted symptoms score and its 95% 
confidence interval for a man age 42 years (worst hip) from a 
restricted cubic spline regression analysis, using 3 knots at the 5th, 
50th, and 95th percentiles. The size of the observations reflects 
their corresponding sample weight.
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Our data suggest that the methods for determining pincer mor-
phology and its relationship with hip symptoms and OA require 
further study.

Several limitations of the study need to be acknowledged. 
First, the association between alpha angle and HAGOS scores 
that we found in a cross- sectional observational study does not 
necessarily imply causation. In theory, the results may be due 
to confounding by unmeasured risk factors for hip- related out-
comes that are correlated with alpha angle. BMI was not related 
to the alpha or LCE angle, and adjusting for BMI did not change 
the results. We did not adjust for hip OA because OA can be a 
mediator of the association under study. Second, the possibil-
ity of other biases, and specifically, measurement, selection, or 
reverse causality bias, also needs to be recognized. Despite our 
use of valid and reliable measures of the key variables, some 
degree of error in measuring alpha angle and self- reported 
outcomes is inevitable. Such errors would be unlikely to be 
differential, because the subjects were unaware of their radio-
graph findings and our radiograph readers were unaware of the 
questionnaire data. Nondifferential errors would dilute the cor-
relations and make them less statistically significant. Selection 
bias could occur if participation in the study was related to both 
hip morphology and outcomes. This possibility seems unlikely, 
because subjects were unaware of their radiograph findings 
at the time of recruitment. Third, the confidence bands for the 
restricted cubic splines curves were relatively wide. Thus the 
lack of statistical significance for some HAGOS scales does not 
imply that a relationship does not exist. Since the general shape 
of the relationship was similar across the scales, the weaker 
associations could become significant in a larger study.

Our study had some methodologic strengths that are worth 
noting. The study was carried out in a stratified random popu-
lation sample, and the data were properly weighted to be rep-
resentative of the general white population of metro Vancouver. 
As a result, generalizability of the findings is high. We used the 
Dunn view for assessing the alpha angle; this method is con-
sidered more precise than the anteroposterior view employed in 
most published studies (3). The ICC for alpha angle was 0.97, 
indicating almost perfect interrater reliability. Rather than using 
an arbitrary cut point, we analyzed the alpha angle and LCE 
angle as continuous variables using modern statistical meth-
ods (restricted cubic splines). For measuring hip outcomes, we 
employed the best measure currently available, the HAGOS 
questionnaire. This instrument has been recommended for 
research on FAIS (3). Finally, where comparable data were avail-
able, our findings were consistent with the literature.

In conclusion, we have for the first time demonstrated the 
association of cam morphology with poor patient- reported out-
comes, such as hip symptoms, limitations in sports activities, and 
QoL, in a general population sample. We have also shown that 
this relationship is limited to an alpha angle above 60°, which sup-

ports previous recommendations to use this cutoff for the diag-
nosis of FAIS.
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Prevalence of Arthritis and Rheumatoid Arthritis in Coal 
Mining Counties of the United States
Gabriela Schmajuk,1  Laura Trupin,2 Edward Yelin,2 and Paul D. Blanc1

Objective. Exposure to inhaled mineral dust, in particular silica, is associated with increased odds of rheumatoid 
arthritis (RA) and other autoimmune diseases. We studied the association of RA with work- related coal and silica 
exposure in the Appalachian region of the US.

Methods. We carried out a random- digit dialed telephone survey in selected counties in Appalachia that had 
elevated coal workers’ pneumoconiosis mortality. Our study cohort included men ages ≥50 with any employment 
history, and we assessed exposure to coal mining employment, other work- related dust, and ergonomic factors. We 
ascertained self- reported physician diagnosis of any arthritis and of RA with glucocorticoid treatment. We used mul-
tivariable logistic regression analysis to estimate the odds ratios (ORs) and associated population attributable fraction 
(PAF) estimates.

Results. Among the 973 men who met study entry criteria (mean ± SD ages 66 ± 10 years; 54% ever smokers), 
266 (27%) reported coal mining work and 189 (19%) reported other work- related silica exposure. There were 517 
men (53%), who reported any arthritis and 112 (12%) whose disease met the study definition of RA. Adjusting for 
covariates, coal mining was associated with elevated odds of RA (OR 3.6 [95% confidence interval (95% CI) 2.1–6.2]), 
which accounted for a PAF of 33% (95% CI 26–40%) of the men studied. For any arthritis, the coal mining–associated 
OR was 2.3 (95% CI 1.6–3.2), with an associated PAF of 20% (95% CI 14–25%).

Conclusion. In this population of older males living in a coal mining region, we estimated that 20% of arthritis and 
33% of RA may be attributable to coal mining work.

INTRODUCTION

Rates of arthritis are elevated in states in the US that have 
large numbers of coal miners. Based on 2015 data, West Vir-
ginia has the highest prevalence of arthritis among adult males 
(32.8%, age adjusted) and one of the narrowest gender gaps 
(only 1.4% lower than the prevalence in women) of any state 
in the US (1). Further, Tennessee and Kentucky have the third 
and fourth leading state rates for arthritis among adult males 
(26.3% and 26.2%, respectively), while Pennsylvania is ranked 
14 and Ohio is 16. In comparison, the age- adjusted prevalence 
rate of arthritis in adult men in California, a state without many 
coal miners, is 15.7%. The cause of this geographic clustering is 
unknown, either for degenerative arthritis (the dominant form of 
the condition) or for inflammatory/autoimmune arthritis.

Multiple independent studies have found that occupational 
exposure to mineral dust is strongly associated with rheumato-
logic disease risk (2–4). Rheumatoid arthritis (RA) has been the 
condition most strongly implicated in mineral dust inhalation (5–7). 
The role that coal and silica dust inhalation may play in the colo-
cation of US regions in which coal mining is concentrated and 
where there is a high prevalence of arthritis in males is not clear. 
The aim of this study was to examine whether coal mining is the 
nexus between the prevalence of arthritis, especially rheumatoid 
disease, and being a man in Appalachia.

To address the question of whether a job in coal mining 
explains, at least in part, the elevated prevalence of arthritis in 
West Virginia and surrounding areas, we conducted a population- 
based survey of men ages ≥50, living in coal mining areas in 
the Appalachian region. The survey included items to identify 
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 occupational exposure to coal dust and to silica exposure, self- 
reported diagnoses of arthritis (including autoimmune disease 
subtypes), smoking (given its association with RA), and ergonomic 
factors that characterize the industrial conditions that miners and 
other silica- exposed workers face (given their likely association 
with osteoarthritis [OA]).

MATERIALS AND METHODS

Data source. Data for this study derive from a random- digit 
dial (using both landline and cellular phone sampling) population- 
based telephone survey of men ages ≥50 with a history of labor 
force participation who reside in coal mining areas. We targeted 
persons living in Appalachia (selected counties in Kentucky, Ohio, 
Pennsylvania, Tennessee, Virginia, and West Virginia) with his-
torically high mortality rates from coal workers’ pneumoconiosis 
based on data from the National Institute for Occupational Safety 
and Health (8). The study was approved by the University of Cali-
fornia, San Francisco Committee on Research, and all participants 
provided verbal consent to proceed with the interview.

Study sample. From 30,448 call attempts, we made 7,710 
contacts with potential participants, 3,704 were excluded for 
age, sex, or language (non- English) or because they resided out-
side of the catchment area. There were 3,003 eligible individuals 
who refused to participate and an additional 30 who reported no 
work history, leaving a final study sample of 973 (24% of eligible 
contacts).

Survey instrument. The brief interview (average time 
10 minutes) addressed employment, smoking history, socio-
demographics, and arthritis and related diagnoses. Where 
appropriate, questions were adapted from standard survey 
items, most importantly in assessing self- report of a health 
care provider diagnosis of a health condition, the approach 
used by the US National Health Interview Survey. Duration and 
type of coal mining experience were ascertained, as well as 
type and duration of exposure to inhaled dusts (employment 
for ≥1 year that involved “regular exposure to breathing dusty 
air”). The employment section also included a 13- item list 

of physical work hazards (e.g., lifting, bending, using power 
tools), experienced regularly on any job held for at least 1 year. 
The health section ascertained whether the respondent had 
ever received a diagnosis from a health professional of arthri-
tis of any kind, with follow- up items to specify RA, psoriatic 
arthritis (PsA), or gout. Other autoimmune conditions, includ-
ing systemic lupus erythematosus (SLE), PsA, and systemic 
sclerosis (SSc), were also queried. All respondents were also 
asked about joint swelling, stiffness, or pain, and those who 
responded affirmatively were asked if they had ever been 
treated with oral glucocorticoids (“prednisone or steroid pills”) 
for these symptoms.

Disease classification. Arthritis classification was based 
on an affirmative response to the primary question regarding 
receipt of a health care provider’s diagnosis of arthritis. RA 
was defined based on the follow- up question about the type 
of arthritis, restricted to individuals who also reported receiving 
glucocorticoids for joint symptoms. A non- RA arthritis cate-
gory was also defined and included all those who responded 
positively to the initial arthritis question, but did not meet the 
study definition of RA. This category is likely to include pre-
dominately degenerative arthritis, but includes those with RA 
who were not being treated with corticosteroids as well as per-
sons with other autoimmune arthritis. Our rationale for these 
definitions was to increase specificity of the RA classification, 
recognizing that, as a result, the non- RA category may be less 
precise.

Exposure classification. We categorized coal and sil-
ica dust exposure based on questionnaire responses. Coal 
mining was based on either occupational history of coal min-
ing employment or self- report of coal dust exposure. Other sil-
ica dust exposure (among occupations other than coal mining) 
was based on affirmative responses to any of a list of 7 cat-
egories of exposure, including silica, sand, or concrete dust, 
sandblasting, rock drilling or roof bolting, rock crushing or 
quarry work, foundry work, concrete finishing, cutting, or dril-
ling, or masonry work or tip- pointing (items that did not spe-
cifically elicit employment or history of employment in selected 
other, less frequent silica trades in the region such as glass-
making or pottery works). We assessed lifetime employment 
without regard to longest- held job, but did elicit total years 
of employment in jobs with dust exposure. On an empiric 
basis, the ergonomics score based on the checklist that we 
developed for this study was dichotomized at the top quartile  
(11–13 points versus <11 points).

Statistical analysis. We used multivariable logistic regres-
sion analysis to separately model the risk of all arthritis, RA, and 
non- RA arthritis associated with coal mining employment and 
other silica exposure. We evaluated either of these exposures in 

SIGNIFICANCE & INNOVATIONS
• Silica has a well-established association with rheu-

matoid arthritis (RA), but coal mining, especially in 
the US, has not been well-studied. 

• To our knowledge, this is the first modern US popu-
lation-based study of degenerative arthritis and RA 
showing a strong association with coal mining.

• The potential occupational risk of arthritis in a 
 current or retired coal miner should be considered 
by clinicians treating such patients.
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additional models. All models controlled for age, race/ethnicity  
(Hispanic or nonwhite versus white non- Hispanic), smoking status 
(current, former, never), and for high levels of ergonomic expo-
sure. We also calculated the population attributable fraction (PAF) 
of prevalence to estimate the proportion of prevalent cases (in 
males) that could be attributed to coal and/or silica exposure, fol-
lowing the method originally proposed in a study by Greenland 
and Drescher (9) that uses maximum likelihood estimates from 
multivariable logistic regression models. We tested interaction 
terms between coal/silica exposure and smoking status for the 
odds of disease. In order to examine further potential interaction 
between ergonomic factors and coal/silica, we carried out an 
analysis stratified by level of ergonomic factors and conducted a 
formal test of interaction between high ergonomic score and coal/
silica exposure. Statistical analyses were carried out using SAS, 
version 9.4 and Stata, version 15.

RESULTS

Of the 973 respondents meeting study entry criteria, 888 
(91%) were white and the mean age was 66 years (Table 1). A 

total of 852 respondents (87%) were ever smokers, among whom 
the mean pack- years was 29.8 (median 22). More than half of 
the respondents reported having received a diagnosis of arthritis 
from a health care provider. A diagnosis of RA was reported by 
188 respondents (19%), but restricting these reports to a more 
conservative case definition of RA with glucocorticoid treatment 
at any point yielded a disease prevalence of 12%. Three percent 
of those surveyed (n = 30) reported at least 1 non- RA autoim-
mune condition. The prevalence of these autoimmune conditions 
included 7 respondents with SLE, 5 with SSc, and 20 with PsA. 
There was overlap among diagnoses, including 11 respondents 

who also were in the RA with glucocorticoids group.
More than 1 in 4 respondents (n = 266; 27%) reported coal 

mining employment, 50% of whom reported work underground, 
which confers a higher exposure to coal dust (Table 2). The mean 
± SD duration of coal mining employment was 21 ± 13 years (60 
miners had worked ≥30 years). Independent of coal mining expe-
rience, more than half (54%) of those miners with any current or 
past employment reported regular exposure to dusty air, with a 
mean ± SD duration of 22 ± 14 years (data on length of expo-
sure not shown). Of the 973 participants surveyed, 400 (41%) 
responded positively to at least 1 of the 7- item silica exposure 
checklist. Among the 133 underground coal miners, 78 (59%) 
reported rock drilling or roof bolting work, a coal mining task rec-
ognized to confer high silica exposure (10). A total of 455 respon-

dents (47%) reported either coal mining or silica dust exposure.
Table 3 shows the frequency of 13 work- related ergonomic 

factors experienced on any job for ≥1 year “on a daily or almost 
daily basis.” The exposure prevalence differed significantly in 3- way 
comparisons among coal mining exposure, other silica exposure, 
and all other types of exposure, with a substantially lower preva-
lence in the latter group. Those reporting ≥11 ergonomic factors 
comprised 30% of the entire group, but made up more than half 

Table  1. Subject demographics, smoking status, and arthritis 
diagnoses*

Characteristics Frequency

Age, mean ± SD years 66.0 ± 9.6
Race/ethnicity

White, non- Hispanic 88 (91)
Black 31 (3)
Hispanic 16 (2)
Asian/other 38 (4)

Smoking status 
Never smoker 452 (46)
Former smoker 400 (41)
Current smoker 121 (12)
Pack years (among ever smokers), mean 

± SD/median (25th–75th percentile)
29.8 ± 28.8/ 

 22 (9–43)
Reported health care provider arthritis 

diagnosis
Any arthritis diagnosis reported 517 (53)
Arthritis, excluding RA 329 (34)
Any RA reported 188 (19)

RA, without ever prednisone use 76 (8)
RA, with ever prednisone use 112 (12)

Any other autoimmune arthritis (not 
mutually exclusive)

30 (3)

SLE 7 (1)
SSc 5 (1)
PsA 20 (2)

* Values are the number (%) unless indicated otherwise. RA = rheu-
matoid arthritis; SLE = systemic lupus erythematosus; SSc = sys-
temic sclerosis; PsA = psoriatic arthritis. 

Table  2. Exposure status for 973 survey respondents with any 
work history

Employment status and exposures No. (%)

Ever employed 973 (100)
Currently employed 407 (42)
Any coal mining employment 266 (27)

Underground coal mining 133 (14)
Any dust exposure 524 (54)

Non- silica dust exposure 124 (13)
Silica exposure, any 400 (41)
Silica exposure, non- coal* 189 (19)
Coal mining and/or silica exposure) 455 (47)

* Coal and silica are not wholly overlapping; 55 respondents with 
coal employment did not also report any of a checklist of 7 sources 
of silica exposure, including silica, sand, or concrete dust, sand-
blasting, rock drilling or roof bolting, rock crushing or quarry work, 
foundry work, concrete finishing, cutting, or drilling, masonry work 
or tip- pointing. 
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of the coal mining and other silica exposure groups, while making 

up only 12% of the all other types of exposure group.
The estimated odds for all arthritis, RA, and arthritis without 

RA are shown in Table 4. We estimated the odds for RA exclud-
ing the 407 respondents who reported having non- RA arthritis or 
other rheumatic autoimmune diseases (SLE, SSc, or PsA) without 
concomitant RA, and the models for non- RA arthritis excluded 
those who reported having RA (n = 112). Coal mining was asso-
ciated with more than 2 times the odds of having arthritis (odds 
ratio [OR] 2.3 [95% confidence interval (95% CI) 1.6–3.2]). The 
estimated OR of RA associated with coal mining was 3.6 (95% 

CI 2.1–6.2) and for non- RA arthritis it was 2.0 (95% CI 1.4–2.9). 
Silica exposure, exclusive of coal mining, was also associated 
with increased odds of any arthritis (OR 1.8 [95% CI 1.2–2.6]), 
RA (OR 2.1 [95% CI 1.1–3.9]) and non- RA arthritis (OR 1.7 [95% 
CI 1.2–2.6]). Exposure to 11 to 13 ergonomic factors was associ-
ated with statistically significant and increased odds of any arthritis 
(OR 1.5 [95% CI 1.1–2.0]) and non- RA arthritis (OR 1.4 [95% CI 
1.01–2.0]), while the odds of RA were slightly higher, but the CI did 
not exclude 1.0 (OR 1.6 [95% CI 0.97–2.8]). Current smoking was 
associated with 2 times the odds of RA (OR 2.0 [95% CI 1.1–3.9]) 
but was not associated with either any arthritis or non- RA arthritis. 

Table 3. Ergonomic factors associated with coal and other silica exposure*

Ergonomic factors
All respondents 

(n = 973)
Coal mining 

(n = 266)
Other silica 

(n = 189)
Neither 

(n = 518)

Lifting/carrying >30 lbs. 69.8 83.1 93.7 54.2
Arms overhead 55.3 64.3 77.8 42.5
Knee bend/squat/kneel 69.3 82.7 91.0 54.4
Back bend/twist 68.1 81.6 88.4 53.9
Hand grip/wrist bend 71.8 85.0 89.9 58.5
Shaking/vibrating equipment 36.3 57.1 58.7 17.4
Hammer/chisel/saw/drill 50.5 71.1 80.4 29.0
Stoop over 71.1 82.7 91.0 57.9
Pneumatic tools 32.7 51.5 56.1 14.5
Pedal/treadle 37.3 53.0 46.0 26.1
Push/pull >50 lbs. 55.5 71.1 80.4 38.4
Neck twist/bend 51.7 73.3 66.7 35.1
Stand >8 hrs/day 65.6 73.3 83.6 55.0
High exposure (≥11 factors) 30.4 50.8 53.4 11.6

* Values are the percent of patients. All measures differed at P < 0.001 across the 3 occupational groups. 

Table  4. Multivariate analysis: arthritis and RA associated with coal and silica exposure adjusted for 
smoking, ergonomic factors, age, and race/ethnicity*

Associated factors

All arthritis 
model 

(n = 973)
RA model 
(n = 566)†

Non- RA arthritis 
model 

(n = 861)‡

Coal and silica exposure
Coal mining work 2.3 (1.6–3.2) 3.6 (2.1–6.2) 2.0 (1.4–2.9)
Silica, no coal exposure 1.8 (1.2–2.6) 2.1 (1.1–3.9) 1.7 (1.2–2.5)

Smoking
Current 1.2 (0.8–1.9) 2.0 (1.1–3.9) 1.1 (0.7–1.7)
Former 1.1 (0.8–1.5) 1.2 (0.7–1.9) 1.1 (0.8–1.5)

Ergonomic exposure 
11–13 factors 1.5 (1.1–2.0) 1.6 (0.97–2.8) 1.4 (1.01–2.0)

Age (per year) 1.03 (1.01–1.04) 1.04 (1.01–1.06) 1.03 (1.01–1.04)
Hispanic ethnicity or nonwhite race 1.4 (0.8–2.4) 1.3 (0.6–3.0) 1.5 (0.9–2.5)

* Values are the odds ratio (OR) 95% confidence interval (95% CI). For coal and silica, referent category = 
neither exposure; for smoking, referent = never smoker; for ergonomic exposure, referent category = 0 to 
10 factors; for race/ethnicity, referent category = White, non- Hispanic; RA = rheumatoid arthritis. 
† Excludes 407 reporting non- RA arthritis or selected autoimmune diseases without concomitant RA. 
‡ Excludes 112 participants reporting RA and glucocorticoid treatment. 
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Former smoking had no statistically significant associations with 
disease status. There was no statistical evidence supporting an 
interaction effect for smoking and coal or silica exposure in associ-

ation with disease in any of the models used in the present study.
In order to examine the potential interaction between ergo-

nomic factors and coal/silica exposure for the odds of arthritis, 
we carried out an analysis stratified by level of ergonomic fac-
tors. Among those respondents who reported 11–13 ergonomic 
factors (n = 296), there was no statistically significant association 
between combined coal or silica exposure and the odds of all 
arthritis (OR 1.5 [95% CI 0.8–2.7]). Among the stratum of respon-
dents with a lower ergonomic burden (n = 677), the OR was higher 
and statistically significant (OR 2.2 [95% CI 1.6–3.1]). A formal test 
of the interaction term between coal or silica exposure and ergo-
nomic factors, however, was not statistically significant (P = 0.24).
To assess the coal work and silica exposure burden for all arthritis 
and RA, we estimated the PAF for either coal or silica exposure 
and for coal and silica separately (Table 5). For coal or silica expo-
sure, the PAF for all arthritis was 29% (95% CI 21–37%) and was 
44% (95% CI 31–54%) for RA. The major contributor was coal 

mining: the PAF for all arthritis was 20% and was 33% for RA.

DISCUSSION

In this population- based study of arthritis in Appalachia, 1 
in 2 men older than the age of 50 reported having arthritis; more 
than 1 in 10 met our case definition of RA. Just over one- quarter 
of men reported coal mining work and 47% altogether either had 
been coal miners or had been otherwise occupationally exposed 
to silica. Because this exposure was common and, because the 
odds of RA were substantially increased in association with such 
exposure, we estimated that fully a third of the RA cases in the 
men in the present study were attributable to coal work and, com-
bining that with other silica exposures, the PAF was 42%.

Our findings are consistent with previous studies of coal 
and silica exposure. In the early 1950s, there were nearly simul-
taneous observations that both silica dust (nearly pure silica 

“flour”) and coal mining work were associated with RA. These 
observations were revealed in a study by Colinet in Belgium (11) 
and Caplan and colleagues in the UK (12,13). By the 1990s, 
researchers identified mineral dust as a factor in a range of auto-
immune diseases (2–4,14,15). Although much of the biomedical 
literature has focused on silica, there is emerging recognition 
that coal dust (with likely silica co- exposure, much of it of a par-
ticle size in the respirable range) represents an important factor 
in what has come to be recognized more broadly as “coal mine 
dust lung disease” (16,17).

Despite this, there have been relatively few studies of 
RA among US coal miners. Nearly 50 years ago, a 1969 
community- based study that included 560 miners ages 20–69 
years in West Virginia observed that radiographic OA of the 
hands was present in 40.2% of the miners (18). A 1973 sero-
logic study of 207 underground coal miners in Pennsylvania 
and West Virginia (all with radiographic disease) found that 6% 
of miners were positive for rheumatoid factor and 34% were 
positive for antinuclear antibodies (19). Contemporaneous 
clinical studies of coal miners from the same region suggested 
that exposure- related RA was more common than appreciated 
(20,21). Only 1 other study of rheumatologic disease in Appa-
lachian coal miners has appeared since that time (1981), which 
found that, among 353 miners (130 without radiographic lung 
disease), 69 (19.5%) were RA positive (22). A recent extensive 
review of occupational RA included only a brief mention of coal 
mining and did not contain any recent citations on that subject 
(23).

The differences that we observed in coal mining associated 
odds of RA juxtaposed with odds for all other arthritis suggest 
interesting insights. The estimated coal mining odds for RA (OR 
3.5) were greater than for all other arthritis (OR 2.0), consistent 
with a strong relationship to autoimmune arthritis in particular. 
The odds for RA associated with other silica, however, was only 
slightly higher than that for other arthritis, although most of those 
with silica exposure had concomitant coal mining experience.

We recognized, a priori, that ergonomic exposures in coal 
mining might also be associated with increased arthritis risks. 
This was, in fact, the case (OR 1.5 for all arthritis, 1.7 for RA, 
and 1.4 for arthritis excluding RA). Ergonomic factors with estab-
lished relationships to degenerative arthritis included kneeling, 
bending, squatting, crawling, whole- body vibration, lifting heavy 
loads, and repetitive motion (24–29). In degenerative arthritis of 
the knee, coal mining–specific data show a strong link to disease 
(30–36). It is reasonable to assume that this can be generalized 
to other body parts as well. Thus, the arthritis that we observed is 
consistent with the pattern of ergonomic factors reported by the 
coal-  and silica- exposed participants in our study. Nonetheless, 
ergonomics alone does not account for all the associated odds, 
given that our multivariable modeling of the coal mining OR for 
arthritis and RA took into account ergonomic factors. Indeed, the 
association of a high ergonomic load with RA was of a similar 

Table  5. All arthritis and RA population attributable fraction 
associated with coal and silica exposure*

Exposure All arthritis RA

Coal and silica exposure
Either exposure 29 (21–37) 44 (31–54)
Coal mining work 20 (14–25) 33 (26–40)
Other occupational silica 

exposure
10 (5–14) 10 (4–16)

* Values are the percent of population attributable risk (PAF) 95% 
confidence interval (95% CI). RA = rheumatoid arthritis. For coal or 
silica exposure, for all arthritis OR = 2.1 (95% CI 1.5–2.8); for RA, 
OR = 2.9 (95% CI 1.8–4.9). For coal mining work and other silica in 
model adjusting for each, see ORs in Table 4. All estimates derived 
from multivariable models adjusted for age, race/ethnicity, smok-
ing, and ergonomic exposures. 
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magnitude as that for arthritis overall. Further, we did not identify 
a significant interaction between ergonomic exposures and coal 
or silica exposure for arthritis risk, although study power was lim-
ited, with fewer than 300 respondents in the stratum with a heavy 
ergonomic load. We also cannot exclude unmeasured confound-
ing that might explain the associations we observed, for example, 
body habitus or socio economic factors beyond work itself.

The findings revealed in our study have potential limitations. 
The diagnosis of RA that we used was based on respondent 
report of a health care provider’s diagnosis. This is the approach 
used in many questionnaire- based studies, most notably the 
US National Health Interview Survey. Nonetheless, self- reported 
disease can be subject to random misclassification or reporting 
bias. Random misclassification of disease should have resulted 
in a reduced association of RA with coal or silica exposures. In 
contrast, systematic reporting bias could lead persons with coal 
mining histories to be more likely to report disease, thus leading 
to a false association. Our telephone survey length was con-
strained such that we could not ascertain duration or dosage 
of reported corticosteroids nor obtain a detailed history of other 
disease modifying antirheumatic drugs. Further, we did not 
have access to medical records, serologic data (e.g., for rheu-
matoid factor), or physical examinations, which are all sources 
of confirmatory data that mitigate against reporting bias. Our 
finding of a 53% prevalence of arthritis overall, although high, is 
consistent with estimated rates in Appalachia (1). Nonetheless, 
it is probable that some persons with degenerative arthritis but 
not autoimmune disease misreported their condition as RA. In 
particular, the term “rheumatism,” as it is commonly used, may 
manifest geographic regional differences that magnify this prob-
lem in the counties from which we recruited (37). We attempted 
to address this, in part, by using a conservative definition of 
disease that also included reported glucocorticoid use. In addi-
tion, the higher OR associated with coal mining exposure that 
we observed for RA as compared to other arthritis, noted pre-
viously, argues against selective overreporting of arthritis as RA 
among coal miners. Further, the association with current smok-
ing for RA (OR 2.0), but not all arthritis (OR 1.2), is consistent 
with previous observations specific to RA generally but also in 
silica exposure (6). Our observed overall response rate (24%), 
although similar to that reported for nonfederal telephone sur-
veys, is less than that of the Behavioral Risk Factor Surveillance 
System (38). Because we do not have information on nonpar-
ticipants we cannot assess unmeasured selection effects that 
this response rate may represent. Finally, the high prevalence of 
disease in the study population could lead to overestimation of 
the association with coal and silica exposure when relying on 
prevalence ORs.

In summary, our findings of increased ORs for arthritis and RA 
among coal miners in Appalachia are robust, unlikely explained by 
biased reporting or confounding, and are consistent with other 
studies that focused primarily on silica exposure outside of coal 

mining. This association, at the regional level of Appalachia, is rel-
evant to the delivery of health care services and to individual case 
attribution and compensation. Tertiary prevention of disease pro-
gression and disability is especially noteworthy. Given that treat-
ment guidelines for RA indicate that a disease- modifying agent 
should be initiated soon after onset of disease, earlier disease 
detection could be achieved through targeted surveillance among 
current and former coal miners. However, the results reported 
in the present study suggest that primary prevention of arthritis 
through workplace protections against dust inhalation may reduce 
the prevalence of arthritis in general and RA in particular.
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Effect of Physical State on Pain Mediated Through 
Emotional Health in Rheumatoid Arthritis
Yukako Nakagami,1 Genichi Sugihara,1 Nori Takei,2 Takao Fujii,3 Motomu Hashimoto,1 Kosaku Murakami,1 
Moritoshi Furu,1 Hiromu Ito,1  Miyabi Uda,1 Mie Torii,1 Kazuko Nin,1 Toshiya Murai,1 and Tsuneyo Mimori1

Objective. Pain is one of the main symptoms of patients with rheumatoid arthritis (RA). Pain in RA is caused by 
specific physical changes, such as joint destruction, and is therefore used as a disease activity marker. Although 
pain can also be influenced by emotional factors, neither the effect of emotional health nor the indirect effect of the 
physical state mediated by emotional health on pain has been quantified.

Methods. A total of 548 patients with RA participated. Emotional health was assessed using the Hospital Anxiety 
and Depression Scale (HADS). Measures routinely used in practice were used to evaluate the physical state and pain. 
To quantify the effects of the physical state on emotional health, and the effects of both physical and emotional health 
on pain, we used structural equation modeling, with emotional health, physical state, and pain as latent variables.

Results. The prevalence of anxiety and depression (HADS score ≥8 for each) among patients with RA was 18.7% 
and 29.4%, respectively. Emotional health was significantly influenced by the physical state (β = 0.21). Pain was af-
fected by physical (β = 0.54) and emotional health (β = 0.29). The effect of the physical state on pain was mediated 
by emotional health, with this mediation effect (β = 0.06) accounting for 10.2% of the total effect.

Conclusion. The magnitude of pain in RA is determined by the mediation effect of emotional health as well as the 
direct physical state. Our findings suggest that emotional factors should be taken into account when assessing RA 
disease activity.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory disease 
with a prevalence of 0.5–1% in northern Europe and North Amer-
ica (1,2). RA is characterized by persistent synovitis, which leads 
to joint destruction and pain (1). Patients with RA experience vari-
ous problems, which have been classified as physical dimensions 
(mobility level, walking and bending, hand and finger function, arm 
function, self- care tasks, and household tasks), social interaction 
(social activity and support from family and friends), symptoms 
(pain), role (work), and affect (tension and mood) (3). Approxi-

mately 70% of patients with RA report that pain is among the 
top 3 priorities for improvement (3). Furthermore, when patients 
evaluate their own RA disease activity, pain is considered the most 
clinically important component (4). Consistent with this patient 
perspective, physicians regard pain as an important aspect of RA 
disease activity measurement and a pivotal treatment target.

Pain experienced by patients with RA is a subjective measure 
of disease activity that may be affected by emotional factors. For 
example, pain sometimes persists despite RA remission, espe-
cially when patients have emotional problems such as anxiety 
(5,6). Interestingly, a recent report showed a link between anxiety 
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and/or depression in patients with RA and increased pain 1 year 
later (7). Based on this finding, a concept of noninflammatory pain 
in RA has been proposed (7). This proposal suggests that emo-
tional factors have a substantial influence on pain in RA.

Evidence shows that the physical state affects emotional 
health (8–13). Several hypotheses concerning the mechanisms 
whereby inflammation potentially influences emotional health have 
been put forward, including dysregulation of the hypothalamic pitu-
itary adrenal axis, changes in glial function and glutamate release 
in the brain, and activation of the tryptophan metabolizing enzyme 
(8,10,12,14). Of particular interest are findings of clinical stud-
ies showing that antiinflammatory drugs are effective in treating 
patients with depression (15). In addition, a meta- analysis showed 
a prevalence of major depressive disorder among patients with 
RA of approximately 17%, a rate much higher than in the general 
population (16). This finding suggests that having an inflammatory 
condition such as RA confers risks for emotional health.

Considering the information above, pain in RA may be related 
to both physical state and emotional health, and emotional health 
may be affected by the physical state. Therefore, in addition to 
the direct effect of physical condition (RA) on pain, the effect of 
RA on pain may be mediated by emotional health. This idea led 
us to construct a model of relationships among physical state, 
emotional health, and pain, as shown in Figure 1. In this study, we 
evaluated this model using structural equation modeling (SEM), by 
quantifying the direct (physical state) and indirect effects (physical 
state as it affects emotional health) on pain in patients with RA.

In order to evaluate the effect of the physical state on pain 
through its effect on emotional health, we focused on variables 
that reflect purely physical and objective components to define 
physical state. To our knowledge, this is the first study to inves-
tigate the effects of the physical state in a comprehensive and 
quantitative manner. Previous studies have evaluated the physical 
state using disease activity composite indices (7,17) or a single 
item such as the erythrocyte sedimentation rate (ESR), C- reactive 
protein (CRP) level, or tender joint count (TJC) (9,17–19). These 
evaluations may be problematic, because disease activity com-
posite indices generally include subjective components and there-

fore may be influenced by emotional factors, and single items may 
be insufficient to assess  multifaceted aspects of the physical state.

PATIENTS AND METHODS

Patients. This study included 548 participants from the 
2014 Kyoto University Rheumatoid Arthritis Management Alliance 
(KURAMA) cohort (20). The KURAMA cohort study was started 
in 2011 at the Center for Rheumatic Diseases, Kyoto University 
Hospital, and aimed to investigate RA in clinical practice. Approx-
imately 500 consecutive patients with RA were enrolled annually. 
Because we included evaluation of anxiety and depression in 
2014, we used data assembled in 2014 to investigate the effect 
of mental and physical states on pain. All participants met the 
American College of Rheumatology (ACR) revised criteria for RA 
1987, or the ACR and European League Against Rheumatism 
classification criteria for RA 2010 (1,21,22). The study was con-
ducted according to the Declaration of Helsinki. Ethics approval 
was obtained from the Medical Ethics Committee of Kyoto Uni-
versity Graduate School and Faculty of Medicine. All participants 
were age >18 years and provided written informed consent.

Measures. To ascertain the direct effect of the physical state 
and the mediating effect of emotional health on pain, we devel-
oped a conceptual model representing relationships among phys-
ical state, emotional health, and pain (Figure 1). Physical state, 
emotional health, and pain were evaluated with separate sets of 
indicators (symptoms and laboratory findings); that is, each con-
cept was regarded as having a unique latent trait measured by 
several observed variables. Observed indicators for the 3 latent 
traits are described in the following paragraph. In addition, demo-
graphic (age, sex, employment status) and medical information 
were included in the analysis. Medical information included current 
psychiatric treatment, physical complications, and RA treatments 
such as methotrexate (MTX), disease- modifying antirheumatic 
drugs (DMARDs) other than MTX, and biologics.

Physical state. The activity of RA cannot be examined by 
a single clinical or laboratory test, and composite indices using 
several clinical and laboratory variables have been proposed. 
Three widely used composite indices are the Disease Activity 

SIGNIFICANCE & INNOVATIONS
• Patients with rheumatoid arthritis (RA) have a high 

incidence of anxiety and depression.
• Pain among patients with RA is influenced by both 

physical state and emotional health, and in addi-
tion, the effect of the physical state on pain is medi-
ated through emotional health.

• Improvement of emotional health in patients with 
RA may partially alleviate the level of pain.

• RA disease activity in patients with anxiety and/or 
depressive symptoms may be overestimated, be-
cause disease activity measures include pain com-
ponents.

Figure  1. Hypothesized model of the effects of physical and 
emotional health on pain.
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Score in 28 joints (DAS28), the Simplified Disease Activity  Index 
(SDAI), and the Clinical Disease Activity Index (CDAI), all of 
which are considered valid tools for evaluating RA disease activ-
ity (1,20). However, these composite indices include subjective 
items, which may obscure accurate measurement of disease 
activity due to modification by emotional factors (4). In this study, 
we aimed to extract purely physical aspects of RA and evaluate 
the physical state independently of emotional factors and pain. 
Therefore, we eliminated subjective components and items as-
sociated with pain from the latent structure for RA physical state. 
We selected observed variables for RA physical state through 
a 3- step process. All 7 components of the 3 validated RA dis-
ease activity measurements (DAS28, SDAI, and CDAI) were ex-
tracted: ESR 1- hour level, serum CRP level, swollen joint count 
(SJC), TJC, patient’s global assessment (PtGA) of disease activ-
ity, evaluator’s global assessment (EGA) of disease activity, and 
the patient’s assessment of general health. Next, we excluded 
TJC, PtGA, EGA, and general health, because TJC is a pain indi-
cator (see Pain section below), PtGA and general health are both 
subjective patient self- evaluations and influenced by emotional 
health (e.g., depression) (4,7), and EGA is a subjective evalu-
ator assessment and is not sensitive to objective RA disease 
outcome or radiographic progression (4). Last, we added matrix 
metalloproteinase 3 (MMP- 3) to the remaining 3 components 
(i.e., ESR, CRP, and SJC) to form a physical state set, because 
MMP- 3 has been reported to directly reflect joint inflammation 
and destruction (23–25). In effect, in our data, the MMP- 3 level 
was correlated with the yearly radiologic progression (change in 
modified total Sharp/van der Heijde score per year) (Spearman’s 
r = 0.12, P < 0.05 [n = 344]). We used MMP- 3 in our analysis 
because of the relatively limited data available on radiologic pro-
gression. Finally, the physical state comprised 4 variables: ESR, 
CRP level, MMP- 3, and SJC. For SJC, we incorporated 68 joints 
rather than the 28 joints used in the DAS28, SDAI, and CDAI to 
make our evaluation as thorough as possible.

Pain. We evaluated pain using 2 aspects: distribution and 
intensity. We used TJC in 68 joints as an indicator of pain distri-
bution, which the ACR recommends to measure disease activity 
in clinical trials (26). Pain intensity was ascertained using a visual 
analog scale (VAS; range 0–100, where 0 = no pain and 100 = the 
worst pain) as a continuous variable. Thus, we used 2 indicators to 
structure the latent variable of pain, TJC, and pain VAS.

Emotional health. We used the Hospital Anxiety and 
 Depression Scale (HADS) to assess anxiety and depression 
(2,7,16,27). The latent trait for emotional health comprised the 
HADS anxiety and depression subscales. The HADS comprises 
14 items (7 items each for anxiety and depression), scored on a 
4- point Likert scale (range 0–3), with total subscale scores rang-
ing from 0 to 21. We chose the most commonly used cutoffs. 
A total subscale score of 0–7 indicated no anxiety/depression, 
8–10 indicated possible anxiety/depression, and 11–21 indicat-
ed probable anxiety/depression (2,16). The validity of the HADS 

has been established with a sensitivity and specificity of approx-
imately 0.80, and internal consistency >0.85 (2).

Statistical analysis. We examined the conceptual model 
(Figure 1) using SEM, a powerful tool that is widely used in soci-
ology, psychology, and other social sciences to analyze complex 
modeling with latent factors. SEM techniques have also been 
used in research with patients with RA. For example, SEM analysis 
revealed that disease activity, mood disturbance, and sleep qual-
ity contributed to fatigue in patients with RA (28). Another SEM 
analysis involving patients with RA showed that self- efficacy for 
pain partially mediated the relationship between disease activity 
and pain (29). However, no previous studies have investigated the 
mediation effect of emotional health on the relationship between 
the physical state and pain in RA, where the physical state is 
defined by purely physical and objective components.

Before the main SEM analysis, we examined correlations of 
indicators constituting the 3 structures (i.e., physical state, emo-
tional health, and pain) using Spearman’s correlation coefficients 
because of their non- normal distribution (indicated by the Shapiro- 
Wilk test). We used robust maximum likelihood estimation in the 
SEM analysis to allow for non- normality distributions. Age and 
sex were included as covariates. Unless otherwise indicated, we 
used the full information maximum likelihood procedure to man-
age missing data. Fit between the conceptual model and the data 
was examined using several fit indices: root mean square error 
of approximation (RMSEA), comparative fit index, Tucker- Lewis 
fit index, and standardized root mean square residual (SRMR). 
Along with model fit procedures, we scrutinized modification indi-
ces to reach the optimal final model. To verify the indirect effect of 
physical state on pain through emotional health, we carried out 
the Sobel test; the 95% confidence interval (95% CI) of the effect 
was obtained from the bias- corrected bootstrap estimation, using 
10,000 samples (30,31).

The Wald test (32) was used to evaluate any difference of 
moderated mediation effect in binary factors, including employ-
ment status, presence/absence of current psychiatric treatment, 
any physical complications (extraarticular manifestations, con-
nective tissue diseases, and respiratory diseases), and RA treat-
ments. SEM analyses were performed using Mplus software, 
version 7.31 for Mac. Other statistical analyses were performed 
using STATA software, version 14.

RESULTS

Demographic characteristics. As shown in Table  1, 
456 (83.5%) of the 548 participants were women, which 
is consistent with previous studies showing approximately 
70–90% of individuals with RA are female (6,8,17). The partic-
ipants’ mean ± SD age was 62.6 ± 13.1 years, and the mean 
± SD disease duration was 14.8 ± 12.0 years. Classification 
by Steinbrocker stage showed that 118 participants (21.6%) 
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Table 1. Participants’ demographic characteristics*

Characteristic Values No.

Age, mean ± SD years 62.6 ± 13.1 546
Women 456 (83.5) 546
Employed (including housework) 410 (74.8) 548
Current psychiatric treatment 25 (4.6) 540
RA treatments 548

MTX 370 (67.5)
DMARDs other than MTX 213 (38.9)
Biologic drugs 216 (39.4)

Stage 546
I 118 (21.6)
II 135 (24.7)
III 101 (18.4)
IV 192 (35.1)

Disease duration from the onset of symptoms, 
mean ± SD years

14.8 ± 12 443

Physical complications 547
Extraarticular manifestations 110 (20.1)
Connective tissue diseases 17 (3.1)
Respiratory diseases 149 (27.2)

EQ- 5D, mean ± SD 7.5 ± 2 548
HADS anxiety, mean ± SD† 4.8 ± 3.7 539

Possible anxiety 56 (10.4)
Probable anxiety 45 (8.3)

HADS depression, mean ± SD‡ 5.8 ± 3.7 537
Possible depression 93 (17.3)
Probable depression 65 (12.1)

ESR 1h, mm/hour 527
Mean ± SD 22.5 ± 18.7
Median (IQR) 16 (9–29)

CRP, mg/dl 515
Mean ± SD 0.38 ± 0.73
Median (IQR) 0.1 (0–0.3)

MMP- 3, ng/ml 528
Mean ± SD 103.5 ± 110.6
Median (IQR) 68.05 (44.5–120.9)

SJC 529
Mean ± SD 1.03 ± 1.87
Median (IQR) 0 (0–1)

TJC 529
Mean ± SD 1.18 ± 2.08
Median (IQR) 0 (0–2)

Pain VAS 547
Mean ± SD 27.8 ± 25.8
Median (IQR) 18 (5–49)

* Values are the number (%) unless indicated otherwise. RA = rheumatoid arthritis; MTX = methotrexate; 
DMARDs = disease- modifying antirheumatic drugs; EQ- 5D = EuroQol 5 domain instrument; HADS = Hospital 
Anxiety and Depression Scale; ESR 1h = erythrocyte sedimentation rate 1- hour level; IQR = interquartile range; 
CRP = C- reactive protein; MMP- 3 = matrix metalloproteinase 3; SJC = swollen joint count; TJC = tender joint 
count; VAS = visual analog scale. 
† Possible anxiety: score of 8–10 on the anxiety subscale of HADS; probable anxiety: score of 11–21 on the 
anxiety subscale of HADS. 
‡ Possible depression, score of 8–10 on the depression subscale of HADS; probable depression, score of 11–21 
on the depression subscale of HADS. 
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were stage I, 135 (24.7%) were stage II, 101 (18.4%) were 
stage III, and 192 (35.1%) were stage IV. The distribution of 
Steinbrocker stages was similar to that of a survey of prevalent 
RA cases in Akita Prefecture, a northern area of Japan (33), 
implying that our sample was representative. The representa-
tiveness of the sample was further supported by the fact that 
complications with RA in the current study were comparable 
with those in other studies (1,8). In our study, 27.2% of partici-
pants (n = 149) had respiratory diseases, 20.1% (n = 110) had 
extraarticular manifestation, and 3.1% (n = 17) had connective 

tissue diseases.
Variables related to the physical state and pain are summa-

rized in Table 1. For emotional factors, the mean ± SD HADS 
anxiety score was 4.8 ± 3.7, median 4, and interquartile range 
(IQR) 2–7; and the mean ± SD HADS depression score was 5.8 
± 3.7, median 5, and IQR 3–8. HADS scores indicated that 56 
patients (10.4%) had possible anxiety and 45 (8.3%) had proba-
ble anxiety, and that 93 (17.3%) had possible depression and 65 
(12.1%) had probable depression.

Correlation analysis. Spearman’s correlation analysis 
showed significant correlations with a medium effect size (r > 0.3) 
(34) among observed variables representing the same latent fac-
tor, except 1 relationship between SJC and ESR 1hour (r = 0.272) 
(Table 2).

SEM. Following scrutiny of modification indices during the 
model fit procedures, the final model included covariance between 
ESR and CRP, CRP and MMP- 3, and SJC and TJC (Figure 2). 
Inclusion of these covariances was clinically justified for 3 rea-
sons. First, ESR and CRP are markers of inflammation and have 
a strong correlation among RA patients (1,23). Second, CRP and 
MMP- 3 reflect radiologic damage and are related to each other in 
the course of RA with/without progression of radiologic damage 
(23). Third, SJC and TJC represent symptomatic (i.e., swollen and 

tender) joint counts, and it is reasonable to assume that they are 
closely related. Figure 2 shows factor loadings for the 3 latent fac-
tors. The fit between the hypothesized model and the data was 
satisfactory (32): RMSEA = 0.069, comparative fit index = 0.917, 
Tucker- Lewis fit index = 0.847, and SRMR = 0.040.

The path coefficient in Figure 2 showed a significant direct 
effect of the physical state on pain (β = 0.54, P < 0.001). Path 
analyses showed that the physical state exerted a significant 
effect on emotional health (β = 0.21, P < 0.05). In turn, emotional 
health had a significant influence on pain (β = 0.29, P < 0.01). 
These results afforded a premise for proceeding to the next step 
of mediation analysis, as suggested by Baron and Kenny (35).

The indirect effect was calculated in the SEM framework 
(Table  3). A significant indirect effect led from the physical 
state through emotional health to pain (delta: β indirect = 0.06, 
P < 0.05 [bias- corrected bootstrap (30) 95% CI 0.021–0.374]). 
This finding indicated that the relationship between the phys-
ical state and pain was partially but significantly mediated by 
emotional health (model 1), with the indirect effect accounting 
for 10.2% of the total effect of the physical state on pain. The 
model yielded an R2 value of 0.428 for the dependent variable 
(pain), indicating that direct and indirect paths accounted for 
43% of the variance of pain. However, this value could not 
be partitioned. Therefore, we computed R2 using estimated 
parameters for the relevant paths. The results indicated that 
the physical state accounted for 28.9% of the variance of pain, 

8.6% of which was attributable to emotional health.
The Wald test (32) was found to be nonsignificant, indicat-

ing that there was no significant difference in the moderated 
indirect effect between groups created by the binary variables 
(employment status, current psychiatric treatment, any physical 
complications, or RA treatments such as MTX, DMARDs other 
than MTX, and biologics) (see Supplementary Table 1, available 
on the Arthritis Care & Research web site at http://onlin elibr ary.
wiley.com/doi/10.1002/acr.23779/ abstract).

Table 2. Correlations between observed indicator variables*

Physical state Pain Emotional health

ESR 1h CRP MMP- 3 SJC TJC VAS Anxiety Depression

ESR 1h 1 – – – – – – –
CRP 0.603† 1 – – – – – –
MMP- 3 0.345† 0.408† 1 – – – – –
SJC 0.272† 0.330† 0.325† 1 – – – –
TJC 0.223† 0.291† 0.272† 0.552† 1 – – –
Pain VAS 0.207† 0.244† 0.290† 0.371† 0.443† 1 – –
Anxiety 0.03 0.061 0.073 0.044 0.112‡ 0.267† 1 –
Depression 0.097‡ 0.102‡ 0.166† 0.061 0.130§ 0.254† 0.526† 1

* ESR 1h = erythrocyte sedimentation rate 1- hour level; CRP = C- reactive protein; MMP- 3 = matrix metalloproteinase 3; SJC = swollen joint 
count; TJC = tender joint count; VAS = visual analog scale. 
† P < 0.001. 
‡ P < 0.05. 
§ P < 0.01. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23779/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23779/abstract
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We used full information maximum likelihood throughout the 
SEM analyses, meaning that all available information was used to 
maximize the estimation of model parameters. This approach is 
appropriate when missing data occur at random or completely at 
random. However, there is a possibility of data not missing at ran-
dom (NMAR). In explicating NMAR, we re- examined the data with 
a listwise deletion method. This approach with complete cases (n 
= 481) revealed virtually identical path coefficients, indicating that 
missing data occurred at random, which refuted any involvement 
of NMAR: physical state to emotional health (β = 0.25, P < 0.05), 
emotional health to pain (β = 0.26, P < 0.01), and physical state 
to pain (βdirect = 0.55, P < 0.01; βindirect = 0.07, P < 0.05). Good 
model fit was retained: RMSEA = 0.066, comparative fit index = 
0.923, Tucker- Lewis fit index = 0.858, and SRMR = 0.038.

DISCUSSION

The SEM analyses of patients with RA showed that the 
physical state significantly affected emotional health. Further-

more, both the physical state and emotional health had significant 
effects on pain. We found that 10.4% of patients with RA had 
possible anxiety and 8.3% had probable anxiety. The reported 
prevalence of anxiety varies across studies. One study using 
UK and Australian data showed a prevalence of 16.7% possible 
and 18.6% probable anxiety (2), while a Japanese study showed 
7.0% probable anxiety among patients with RA (27). In this 
study, 17.3% of patients with RA had possible depression, and 
12.1% had probable depression, which is similar to the results 
of a recent meta- analysis that used identical cutoffs (19.4% with 
possible depression and 14.8% with probable depression) (16).

The significant effect of emotional health on pain found in 
this study is consistent with previous reports (7,9). Longitudi-
nal studies have demonstrated a significant effect of anxiety 
and depression on TJC (an indicator of pain) (7). Another recent 
study showed that depression affects pain severity (9). These 
studies suggest that emotional factors may exacerbate pain in 
patients with RA.

Our finding of a significant influence of emotional health 
on pain may have clinical implications for current RA treat-
ment. According to the ACR guideline (36), treatment choices 
depend on RA disease activity. For example, for an individ-
ual with RA with low disease activity, DMARD monotherapy 
is strongly recommended if the patient is naive to DMARDs. 
For patients with moderate or high disease activity receiving 
DMARD monotherapy, combination therapy or biologic treat-
ment is recommended. Therefore, disease activity plays a key 
role in RA treatment decision- making. In current clinical set-
tings, RA disease activity is evaluated by composite indices 
such as DAS28, SDAI, and CDAI (1,20). However, these com-
posite indices include TJC (an indicator of pain), and thus are 
potentially influenced by emotional health, as this study illus-

Table  3. Direct and indirect effects obtained from structural 
equation modeling*

Std. est. SE P

Direct effect
Physical state → emotional 

health
0.209 0.097 0.032

Emotional health → pain 0.293 0.088 0.001
Physical state → pain 0.538 0.098 <0.001

Indirect effect
Physical state → emotional 

health → pain
0.061 0.028 0.028

* Std. est. = standardized estimate. 

Figure 2. Estimated factor loadings and path coefficients for structural equation modeling, adjusted for age and sex as covariates in the 
model. All paths displayed in the figure are statistically significant. Curved arrows represent covariances. Curved arrows with a dashed line 
denote omission in the covariance between swollen joint count (SJC 68) and tender joint count (TJC 68). The fit between the hypothesized 
model and the data was fairly good: root mean square error of approximation = 0.069 (90% confidence intervals 0.054–0.085), comparative fit 
index = 0.917, Tucker–Lewis fit index = 0.847, and standardized root mean square residual = 0.040. ESR 1h = erythrocyte sedimentation rate 
1- hour level (mm/hour); CRP = C- reactive protein level (mg/dl); MMP- 3 = matrix metalloproteinase 3 (ng/ml); pain VAS = visual analog scale 
for pain; HADS Anxiety = anxiety subscale of the Hospital Anxiety and Depression Scale; HADS Depression = HADS depression subscale.  
* = P < 0.05; ** = P < 0.01; *** = P < 0.001.
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trated. Therefore, assessment of disease activity using these 
measures may be overestimated if an individual has emotional 
problems. If some degree of high disease activity is attributable 
to emotional factors, overtreatment may occur. Consideration 
of emotional factors in evaluating disease activity may avoid 
undue RA treatment, which may, in part, lead to a reduction of 
inflated health care expenditure ascribed to the increased use 
of biologic drugs (1). Assessing true disease activity targeting 
for immunosuppressive therapy is strongly required (5,6).

Our findings suggest that RA treatments targeting emo-
tional factors can ameliorate pain. A meta- analysis of randomized 
controlled trials showed that psychological interventions for RA 
have positive effects on pain as well as on anxiety and depressive 
symptoms (37). Furthermore, antidepressants have been shown 
to relieve pain in individuals with both RA and anxiety/depression 
(38). These studies and our findings suggest that interventions for 
emotional health in individuals with RA may substantively alleviate 
pain, which in turn results in improvement of quality of life (39). 
Therefore, emphasis should be placed on detailed assessment of 
emotional health among individuals with RA.

This study has several limitations. First, there might be 
problems related to the construction of hypothetical models in 
SEM. For example, we did not incorporate the effect of pain 
on emotional health in our theory- driven model, because we 
focused on the effects of the physical state and emotional 
health on pain, as well as the effect of the physical state on 
emotional health. Further research using longitudinal data is 
required to investigate causal relationships between the 3 fac-
tors (i.e., physical state, emotional health, and pain). Second, 
the selection of variables in the hypothetical models had limita-
tions. The estimated effects in this study might be influenced by 
unknown variables, such as social factors (e.g., socioeconomic 
factors, lifestyle, degree of social activities, health behaviors, 
and lack of support from others), although basic characteristics 
such as age and sex were incorporated in the model as covar-
iates. Third, all participants were from the KURAMA cohort 
(20), which comprised outpatients at Kyoto University Hospi-
tal (located in one of the largest cities in Japan). This cohort 
includes patients with RA in clinical remission, which might have 
led to underestimation of the relationship between inflammation 
and pain. Thus, caution is needed in generalizing our findings 
to a broader sample of patients with RA. However, the clinical 
characteristics of participants in this study were similar to those 
described in other international reports (1,5,7,9,16,33). Finally, 
psychiatric evaluation was based on self- reported questionnaire 
responses, which may not objectively reflect the psychological 
state.

In summary, our study indicates that emotional health par-
tially but significantly mediates the relationship between the phys-
ical state and pain in RA, and emotional distress exacerbates 
pain. Although pain is currently included in RA disease activity 
measurement, physicians need to be aware of the  possibility 

of overestimated disease activity due to the inclusion of pain 
components. When ascertaining RA disease activity, emotional 
factors should be considered to circumvent overestimation of 
disease activity and unnecessary, excessive treatment.
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Timing of Abatacept Before Elective Arthroplasty and Risk 
of Postoperative Outcomes
Michael D. George,1  Joshua F. Baker,2  Kevin Winthrop,3 Evo Alemao,4  Lang Chen,5 Sean Connolly,6 
Jesse Y. Hsu,1 Teresa A. Simon,4  Qufei Wu,1 Fenglong Xie,5 Shuo Yang,5 and Jeffrey R. Curtis5

Objective. Guidelines recommend withholding biologic therapies before hip and knee arthroplasty, yet evidence 
to inform optimal timing is limited. The aim of this study was to determine whether withholding abatacept infusions is 
associated with lower risk of adverse postoperative outcomes.

Methods. This retrospective cohort study, which used US Medicare and Truven MarketScan administrative 
data from January 2006 to September 2015, evaluated adults with rheumatoid arthritis who received intravenous  
abatac ept (precisely dated in claims data) within 6 months of elective primary or revision hip or knee arthroplasty. 
Propensity weighted analyses using inverse probability weights compared the risk of 30- day hospitalized infection 
and 1- year prosthetic joint infection (PJI) between patients with different abatacept stop timing (time between last 
infusion and surgery). Secondary analyses evaluated nonurinary hospitalized infections and 30- day readmissions.

Results. After 1,939 surgeries among 1,780 patients, there were 175 hospitalized infections (9.0%), 115 nonuri-
nary hospitalized infections (5.9%), 39 PJIs (2.4/100 person- years), and 114/1,815 30- day readmissions (6.3%). 
There were no significant differences in outcomes with abatacept stop timing <4 weeks (1 dosing interval) versus 4–8 
weeks (hospitalized infection odds ratio [OR] 0.93 [95% confidence interval (95% CI) 0.65–1.34]; nonurinary hospi-
talized infection OR 0.93 [95% CI 0.60–1.44]; PJI hazard ratio 1.29 [95% CI 0.62–2.69]; 30- day readmission OR 1.00 
[95% CI 0.65–1.54]). Similarly, there were no significant differences in outcomes with abatacept stop timing <4 weeks 
versus ≥8 weeks. Glucocorticoid use >7.5 mg/day was associated with greater risk of hospitalized infection (OR 2.19 
[95% CI 1.28–3.77]) and nonurinary hospitalized infection (OR 2.38 [95% CI 1.22–4.64]).

Conclusion. Compared to continuing intravenous abatacept, withholding abatacept for ≥4 weeks (one dosing in-
terval) before surgery was not associated with a lower risk of hospitalized infection, nonurinary hospitalized infection, 
PJI, or 30- day readmission.

INTRODUCTION

Orthopedic surgery, especially hip and knee arthroplasty, 
remains common in patients with rheumatoid arthritis (RA) (1). 
These surgeries can be complicated by both immediate post-
operative infections (e.g., pneumonia, soft tissue infections) and 

by prosthetic joint infections occurring later after surgery (2). 
Patients with RA are at increased risk of postoperative infection, 
with potential contributors including immunosuppression, disease 
activity, and comorbidities (3,4). The optimal approach to manag-
ing immunosuppression before surgery, a modifiable risk factor, 
has been of particular interest.
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Recent guidelines from the American College of Rheumatol-
ogy (ACR) and American Association of Hip and Knee Surgeons 
recommend continuing conventional synthetic disease- modifying 
antirheumatic drugs (csDMARDs), such as methotrexate, through-
out the perioperative period (5). Given minimal data to guide opti-
mal timing of biologic DMARDS (bDMARDs), however, these 
guidelines recommended withholding bDMARDs for one dosing 
interval before surgery (e.g., 4 weeks for intravenous abatacept). 
It remains unknown whether withholding therapy prior to surgery 
reduces risks and, if so, what the optimal timing should be. Our 
previous observational study suggested that withholding inflixi-
mab before surgery was not associated with a reduced risk of 
postoperative infection (6), but it is unclear whether these results 
are applicable to other biologic therapies with different mecha-
nisms of action, dosing intervals, and pharmacodynamics.

In the current study, we combined 2 large administrative data 
sets to evaluate whether the timing of abatacept infusions before 
elective hip or knee arthroplasty was associated with the risk of 
postoperative infection (i.e., determining whether withholding 
intravenous abatacept reduces the risk of postoperative infection). 
We specifically evaluated abatacept infusions, as these can be 
precisely dated in claims data.

PATIENTS AND METHODS

This retrospective cohort study evaluated patients with RA 
undergoing hip or knee arthroplasty using US Medicare claims 
and Truven MarketScan databases from January 1, 2006 to Sep-
tember 30, 2015. Medicare is a public health plan covering more 
than 90% of US adults ages ≥65 (7). Younger individuals with cer-
tain disabilities (e.g., RA) may also be covered. MarketScan is a 
US database including inpatient, outpatient, and pharmacy data 
contributed by large employers, health plans, and government 
and public organizations for more than 143 million individuals (8).

Cohort identification. Included patients were ages 
≥18 years with RA, based on 2 physician office or inpatient 
International Classification of Diseases, Ninth Revision (ICD- 
9) codes (714.xx) at least 7 days apart and use of a DMARD 
(9), who underwent inpatient elective primary or revision hip or 

knee arthroplasty (requiring ICD- 9 and Current Procedural Ter-
minology [CPT] codes for primary surgeries and CPT codes for 
revisions according to validated algorithms [see Supplemen-
tary Table 1, available on the Arthritis Care & Research web 
site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23843/ 
abstract]) (10–13). In order to identify patients receiving stable 
long- term therapy, only those patients who had received intra-
venous abatacept within 6 months of surgery and ≥3 infusions in 
the past year were included (see Supplementary  Figure 1, avail-
able at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23843/  
abstract). We evaluated abatacept infusions and not subcu-
taneous abatacept, because infusions are coded as proce-
dures (Healthcare Common Procedure Coding System codes 
C9230 or J0129) and can be precisely dated in claims data. 
We required continuous enrollment in MarketScan or in Medi-
care Part A, B, and D without enrollment in a Medicare Advan-
tage Plan for ≥1 year prior to surgery (“baseline”) to allow 
uniform assessment of covariates.

In order to accurately assess risk of postoperative infec-
tion, we excluded patients with evidence of possible preex-
isting infection or nonelective surgery, which included those 
who had a diagnosis or treatment for native or prosthetic joint 
infection (PJI) in the year prior to surgery, diagnoses of femur 
fracture, bone or metastatic cancer from the index hospitaliza-
tion, admission through the emergency department or transfer 
from another acute care hospital, surgery after hospital day 3, 
or major surgery in the previous 6 months (see Supplemen-
tary Table 1, available on the Arthritis Care & Research web 
site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23843/ 
abstract). Patients with admission status “emergent” were 
excluded in Medicare (not available in MarketScan). Patients 
with inflammatory bowel disease, psoriatic arthritis, ankylosing 
spondylitis, HIV, or active malignancy in the past year were 
excluded. Patients could contribute multiple surgeries if >6 
months apart. In order to avoid including any possible dupli-
cate observations, we excluded patients in MarketScan with 
derived birth dates within 31 days of any patient in Medicare 
with the same admission date.

Exposure. The exposure of interest was the abatacept 
stop timing, which was the time between the last abatacept 
infusion and surgery (see Supplementary Figure 1, avail-
able at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23843/ 
abstract). Stop timing was categorized in 4- week intervals (<4 
weeks, 4 to <8 weeks, ≥8 weeks) based on the usual dos-
ing interval of intravenous abatacept. Stop timing <4 weeks 
was the reference group, and we evaluated whether stop-
ping abatacept for at least 1 dosing interval (4–8 weeks), or 2 
dosing intervals (≥8 weeks) was associated with a lower risk 
of adverse postoperative outcomes. In a sensitivity analysis, 
we also evaluated abatacept stop timing in 2- week intervals, 
with stop timing of 2–4 weeks as the reference group in this 

SIGNIFICANCE & INNOVATIONS
• Receiving intravenous abatacept within 4 weeks 

(one dosing interval) before elective hip or knee re-
placement was not associated with a greater risk of 
postoperative infection.

• Glucocorticoids were associated with increased risk 
of postoperative infection.

• Withholding abatacept may not improve outcomes, 
particularly if glucocorticoids must be increased to 
treat disease flares.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23843/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23843/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23843/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23843/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23843/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23843/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23843/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23843/abstract
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 analysis because of the small number of patients with stop 
timing <2 weeks.

Outcomes. The 2 prespecified primary outcomes were hos-
pitalized (serious) infection within 30 days and PJI within 1 year 
after surgery. Hospitalized infections were identified based on 
ICD- 9 diagnosis codes from any position of the discharge diag-
noses as previously validated with positive predictive value >80% 
(14,15), including the index hospitalization and any subsequent 
acute care hospitalizations with admission date within 30 days of 
surgery (see Supplementary Table 1, available on the Arthritis Care 
& Research web site at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.23843/ abstract). PJI was identified based on inpatient or out-
patient physician diagnosis (ICD- 9 code 996.66), excluding diag-
noses from the index hospitalization (an exclusion criteria because 
these diagnoses may represent preexisting infections) (16,17). 
Sensitivity analyses assessed more stringent definitions of PJI, 
including the requirement of an inpatient diagnosis or an accom-
panying procedure code within 30 days of PJI diagnosis (i.e., 
arthrotomy, prosthesis removal, central venous catheter insertion, 
spacer, or revision surgery), similar to previously used definitions 
(11) (see Supplementary Table 1, available at http://onlin elibr ary.
wiley.com/doi/10.1002/acr.23843/ abstract).

We evaluated 2 secondary outcomes. Because urinary tract 
infections were expected to represent a high proportion of postop-
erative infections and may at times represent more minor or inci-
dentally discovered infections (e.g., related to a urinary catheter), 
we evaluated an alternate 30- day hospitalized infection outcome 
that ignored urinary tract infections. Additionally, we assessed 30- 
day readmission (a surrogate for complications and an important 
health services outcome) among patients with a discharge dispo-
sition to home, home health care, acute rehabilitation, or a skilled 
nursing facility (not including admissions within 1 day of discharge 
or with primary diagnosis indicating rehabilitation) (18).

Exploratory outcomes included prolonged length of stay  
(a surrogate for postoperative complications) and time to revision 
surgery among patients undergoing primary knee or hip arthro-
plasty. Prolonged length of stay was defined as length of stay 
>90th percentile (empirically derived in the data as >5 days for 
revision surgeries and >4 days for primary surgeries) (19,20). We 
also examined wound complications (21) and rates of specific 
postoperative infections, including pneumonia, septicemia/bac-
teremia, and urinary infection (see Supplementary Table 1, availa-
ble on the Arthritis Care & Research web site at http://onlin elibr ary.
wiley.com/doi/10.1002/acr.23843/ abstract).

Covariates. Covariates measured during the 365- day 
baseline period included demographics, comorbid conditions, 
an adaptation of the Charlson comorbidity index (22), health 
care utilization (outpatient visits, emergency department visits, 
hospitalizations), and hospitalized infections. The number of pre-
vious biologics was assessed with all available data. We also 

evaluated the prescriptions filled for nonsteroidal antiinflamma-
tory drugs, opioids, csDMARDs, and antibiotics in the 90 days 
before surgery. Average glucocorticoid dose in the 90 days prior 
to surgery was calculated based on oral prescriptions for pred-
nisone, prednisolone, and methylprednisolone, using prescribed 
dose in prednisone equivalents and days supply to determine 
each daily dose and truncating prescriptions if a new prescrip-
tion was filled before the prescription end date. Stress dose or 
other intravenous glucocorticoids were not included. Disability 
status, skilled nursing facility residence, and quintiles of median 
household income based on zip code from the American Com-
munity Survey 2009–2013 were available only in Medicare (23). 
Surgeon and hospital volume (Medicare only) were estimated 
using a larger cohort of 55,812 hip or knee arthroplasty proce-
dures among patients with any bDMARD or methotrexate use 
within 6 months of surgery.

Statistical analysis. Associations between abatacept stop 
timing and postoperative outcomes were assessed using logistic 
regression for binary outcomes and cause- specific proportional 
hazards regression for PJI, censoring at the soonest of 1 year, 
end or interruption of enrollment, subsequent hip or knee arthro-
plasty, or September 30, 2015 and treating death as censoring 
(<1% of censoring events) (24). Propensity score–derived inverse 
probability weights were used to balance confounders across 
treatment groups (as described below). Potential heterogeneity in 
associations between exposure and outcome in Medicare versus 
MarketScan was evaluated using data set/exposure interaction 
terms. Log- log plots revealed no violation of proportional hazards.

Propensity scores based on the probability of being in each 
stop timing group were generated using multinomial logistic 
regression models. In the primary analyses, propensity score mod-
els included a data set variable (Medicare versus MarketScan), 
covariates of interest common to both data sets, and a squared 
term for age to account for nonlinearity (6,25,26) (see Supplemen-
tary Table 3, available on the Arthritis Care & Research web site 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23843/ abstract). 
In a sensitivity analysis restricted only to Medicare data, propen-
sity scores were recalculated with additional variables, available 
only in the Medicare data, and analysis was repeated. Propensity 
scores were used to create stabilized inverse probability treatment 
weights (26–28) truncated at the 1st and 99th percentile (29). The 
balance of covariates across treatment categories was assessed 
using standardized mean differences (SMD) compared to the ref-
erence group (stop timing <4 weeks) with SMD ≤0.1 indicating 
good balance (balance before and after weighting for primary 
analyses are shown in Supplementary Table 3 and Supplementary 
Figure 2, available at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.23843/ abstract). In cases of inadequate balance (only present 
in sensitivity analyses evaluating abatacept stop timing in 2- week 
intervals), unbalanced variables were added as covariates to the 
weighted outcome models.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23843/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23843/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23843/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23843/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23843/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23843/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23843/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23843/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23843/abstract
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Table 1. Select patient characteristics by abatacept stop timing*

Abatacept timing Patient total

<4 weeks 
(n = 732)

4 to <8 weeks 
(n = 862)

SMD vs. <4 
weeks†

≥8 weeks 
(n = 345)

SMD vs. <4 
weeks† (n = 1,939)

Medicare cohort 594 (81.1) 670 (77.7) –0.085 273 (79.1) –0.051 1,537 (79.3)
Female 628 (85.8) 741 (86.0) 0.005 303 (87.8) 0.060 1,672 (86.2)
Age, mean ± SD years 67.5 ± 10.0 66.5 ± 10.7 –0.100 67.3 ± 9.7 –0.024 67.0 ± 10.3
Year 2011 

[2009–2013]
2012 

[2010–2013]
0.130 2012 

[2010–2013]
0.112 2012 

[2010–2013]
Surgery type

Primary knee 489 (66.8) 547 (63.5) –0.07 208 (60.3) –0.135‡ 1,244 (64.2)
Primary hip 180 (24.6) 226 (26.2) 0.037 98 (28.4) 0.086 504 (26.0)
Revision knee 32 (4.4) 50 (5.8) 0.065 26 (7.5) 0.134‡ 108 (5.6)
Revision hip 31 (4.2) 39 (4.5) 0.014 13 (3.8) –0.024 83 (4.3)

Average glucocorticoid dose
None 363 (49.6) 445 (51.6) 0.041 163 (47.2) –0.047 971 (50.1)
≤5 mg 218 (29.8) 241 (28.0) –0.040 111 (32.2) 0.052 570 (29.4)
5–10 mg 114 (15.6) 139 (16.1) 0.015 53 (15.4) –0.006 306 (15.8)
>10 mg 37 (5.0) 37 (4.3) –0.036 18 (5.2) 0.007 92 (4.7)

Prior biologics
0 338 (46.2) 375 (43.5) –0.054 135 (39.1) –0.143 848 (43.7)
1 287 (39.2) 365 (42.3) 0.064 151 (43.8) 0.093 803 (41.4)
2 107 (14.6) 122 (14.2) –0.013 59 (17.1) 0.068 288 (14.9)

MTX 338 (46.2) 375 (43.5) 0.003 135 (39.1) –0.187 848 (43.7)
HCQ, SSZ, or LEF 201 (27.5) 222 (25.8) –0.039 94 (27.2) –0.005 517 (26.7)
NSAID past 90 days 256 (35.0) 279 (32.4) –0.055 112 (32.5) –0.053 647 (33.4)
Opioid past 90 days 442 (60.4) 511 (59.3) –0.022 253 (73.3) 0.277 1,206 (62.2)
Charlson morbidity score, 

 median (IQR)
1 (0,3) 1 (0,3) –0.040 1 (0,3) 0.120 1 (0,3)

Diabetes mellitus 140 (19.1) 135 (15.7) –0.091 69 (20.0) 0.022 344 (17.7)
Hypertension 400 (54.6) 459 (53.2) –0.028 209 (60.6) 0.120 1,068 (55.1)
Congestive heart failure 49 (6.7) 52 (6.0) –0.027 24 (7.0) 0.010 125 (6.4)
COPD/asthma 111 (15.2) 113 (13.1) –0.059 50 (14.5) –0.019 274 (14.1)
Chronic kidney disease 40 (5.5) 49 (5.7) 0.010 29 (8.4) 0.116 118 (6.1)
Obesity 87 (11.9) 92 (10.7) –0.038 38 (11.0) –0.027 217 (11.2)
Hospitalizations past year

0 552 (75.4) 641 (74.4) –0.024 223 (64.6) –0.237 1,416 (73.0)
1–2 124 (16.9) 151 (17.5) 0.015 78 (22.6) 0.143 353 (18.2)
≥3 56 (7.7) 70 (8.1) 0.017 44 (12.8) 0.169 170 (8.8)

Hospitalized infection past year 46 (6.3) 63 (7.3) 0.041 30 (8.7) 0.092 139 (7.2)
ED visits past year

0 492 (67.2) 565 (65.5) –0.035 211 (61.2) –0.126 1,268 (65.4)
1 144 (19.7) 203 (23.5) 0.094 77 (22.3) 0.065 424 (21.9)
2–3 73 (10.0) 74 (8.6) –0.048 42 (12.2) 0.07 189 (9.7)
>3 23 (3.1) 20 (2.3) –0.05 15 (4.3) 0.063 58 (3.0)

Antibiotic use past 3 months 374 (51.1) 470 (54.5) 0.069 223 (64.6) 0.277 1,067 (55.0)

* Values are the number (%) unless indicated otherwise. Standardized mean difference (SMD) before inverse probability weighting with 
values >0.1 considered relevant, indicating imbalance between groups. SMD before and after weighting for full set of covariates available 
in Supplementary Table 3. MTX = methotrexate; HCQ = hydroxychloroquine; SSZ = sulfasalazine; LEF = leflunomide; NSAID = nonsteroidal 
antiinflammatory drug; IQR = interquartile range; COPD = chronic obstructive pulmonary disease; ED = emergency department.
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In order to assess our ability to detect important differences 
in our outcomes (i.e., a “positive control”), we performed similar 
inverse probability weighted analyses to evaluate associations 
between glucocorticoid dose (none, ≤7.5 mg, >7.5 mg) and out-
comes in the same cohort, with weights derived from separate 
multinomial logistic regression propensity score models based on 
the probability of being in each glucocorticoid treatment group, 
including the same covariates as well as abatacept stop timing.

Sensitivity analyses. We repeated analyses with Medicare- 
only data and also evaluated 2 alternative definitions of PJI as 
noted above. Additionally, we repeated analyses restricted to pri-
mary joint replacement surgeries only. Finally, we repeated analy-
ses with abatacept stop timing categorized in 2- week intervals.

The data set was created with SAS, version 9.4 and analy-
sis was performed using STATA, version 13.1. The protocol was 
approved by the University of Alabama at Birmingham Institutional 
Review Board. Use of the data was governed by data use agree-
ments from the Centers for Medicare and Medicaid Services and 
Truven MarketScan.

RESULTS

Cohort identification and characteristics. We identified 
3,984 hip or knee arthroplasties in Medicare and 901 in MarketScan 
among patients with RA with an abatacept infusion within 6 months 
before surgery. After applying exclusion criteria, 1,537 Medicare 
(38.6%) and 421 MarketScan (46.7%) surgeries remained (see 

Supplementary Table 2, available on the Arthritis Care & Research 
web site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23843/ 
abstract). We excluded 19 surgeries from the MarketScan cohort 
that were possible duplicates in the 2 data sets, leaving 1,939 sur-
geries among 1,780 patients for final analysis.

Cohort characteristics are shown in Table  1 and Sup-
plementary Table 3, available at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.23843/ abstract. Medicare patients comprised 
79.3% of the cohort, with a mean age of 67.0 years; 86.2% of the 
patients were women and 90.1% of surgeries were primary hip or 
knee arthroplasty. Abatacept stop timing was <4 weeks (within 1 
dosing interval) in 732 patient surgeries (37.8%), 4 to <8 weeks in 
862 (44.5%), and ≥8 weeks in 345 (17.8%). While patients with 
stop timing <4 weeks versus those with 4–8 weeks were sim-
ilar, patients with stop timing ≥8 weeks were less likely to have 
received prior biologic therapy or be treated with methotrexate, 
more likely to be treated with opioids or antibiotics in the past 
3 months, and more likely to have been hospitalized or have an 
emergency department visit in the past year. The interval between 
the 2 most recent abatacept infusions was ≤28 days for the major-
ity of patients in all groups, and was ≥35 days in 15.3% of patients 
with stop timing <4 weeks, 20.5% in those with stop timing of 4–8 

weeks, and 27.0% in those with stop timing of ≥8 weeks.

Primary and secondary outcomes. We identified 
175 hospitalized infections (9.0%) within 30 days of surgery, 
with 101 infections from the index hospitalization (57.7%) 
(Table  2). The most common infections were urinary (103 

Table 2. Unadjusted frequencies of primary and secondary outcomes by abatacept stop timing*

Abatacept 
stop timing No. PYs (for PJI)

Hospitalized 
infection

PJI, no.  
(incidence/ 
100 PYs)

Nonurinary 
hospitalized 
infections†

30- day  
readmission

<4 weeks 732 616 67 (9.1) 13 (2.1) 45 (6.2) 46/697 (6.6)
4 to <8 weeks 862 715 67 (7.8) 18 (2.5) 45 (5.2) 49/805 (6.1)
≥8 weeks 345 283 41 (11.9) 8 (2.8) 25 (7.2) 19/313 (6.1)
Total 1,939 1,614 175 (9.0) 39 (2.4) 115 (5.9) 114/1,815 (6.3)

* Values are the number (%) unless indicated otherwise. Person- years (PYS) shown are for assessment of prosthetic 
joint infection (PJI) within 1 year of surgery. Thirty- day readmission analyses restricted to patients discharged to home, 
home health, skilled nursing facility, or inpatient rehabilitation facility (denominators indicate number of eligible sur-
geries).
† Hospitalized infections excluding urinary tract infections.

Table 3. Frequency of specific postoperative outcomes*

Abatacept 
stop timing No.

Urinary  
infection Pneumonia

Septicemia/
bacteremia

Wound  
complication

<4 weeks 732 38 (5.2) 5 (0.7) 4 (0.6) 9 (1.2)
4 to <8 weeks 862 43 (5.0) 12 (1.4) 2 (0.2) 7 (0.8)
≥8 weeks 345 22 (6.4) 5 (1.4) 1 (0.3) 4 (1.2)
Total 1,939 103 (5.3) 22 (1.1) 7 (0.4) 20 (1.0)

* Values are the number (%) unless indicated otherwise. 
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patients [5.3%]), skin and soft tissue (22 patients [1.1%]), and 
pneumonia (22 patients [1.1%]) (Table  3). Rates of hospital-
ized infection by abatacept stop timing ranged from 7.8% (4–8 
weeks) to 11.9% (≥8 weeks). In propensity weighted analyses 
that controlled for between- group differences, there were no 
significant differences in hospitalized infection for longer aba-
tacept stop timing compared to <4 weeks (4–8 weeks OR 
0.93 [95% CI 0.65–1.34]; ≥8 weeks OR 1.13 [95% CI 0.73–
1.77]) (Table  4, Figure  1). Results were similar in sensitivity 

analyses only  evaluating the Medicare cohort with additional 
variables included in the propensity score (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.23843/ 
abstract) and in analyses only including primary hip or knee 
arthroplasty (see Supplementary Tables 5–6, available at http://

onlin elibr ary.wiley.com/doi/10.1002/acr.23843/ abstract).
There were 39 PJIs within 1 year of surgery (2.4/100 

person- years) with 25 infections (64%) occurring within 90 

Table 4. Association between abatacept stop timing and primary and secondary outcomes from unadjusted and 
inverse probability weighted analyses (shown graphically in Figure 1)*

Hospitalized 
infection PJI, HR (95% CI)

Nonurinary 
hospitalized 

infection
30- day  

readmission

Stop timing, unadj. results
<4 weeks 1 1 1 1
4 to <8 weeks 0.84 (0.59–1.19) 1.18 (0.58–2.41) 0.84 (0.55–1.29) 0.92 (0.61–1.39)
≥8 weeks 1.34 (0.89–2.02) 1.32 (0.55–3.19) 1.19 (0.72–1.98) 0.91 (0.53–1.59)

Stop timing, adj. results†
<4 weeks 1 1 1 1
4 to <8 weeks 0.93 (0.65–1.34) 1.29 (0.62–2.69) 0.93 (0.60–1.44) 1.00 (0.65–1.54)
≥8 weeks 1.13 (0.73–1.77) 1.20 (0.48–3.05) 0.97 (0.57–1.66) 0.82 (0.46–1.47)

* Values are the odds ratio (95% confidence interval [95% CI]) unless indicated otherwise. Odds ratio and hazard 
ratio (HR) from logistic regression and cause- specific hazards regression. PJI = prosthetic joint infection; unadj. = 
unadjusted; adj. = adjusted. 
† Adjusted results from inverse probability weighted analyses. 

Figure 1. Association between abatacept stop timing and postoperative outcomes from inverse probability weighted analyses. Odds ratios 
and hazard ratios from logistic and cause- specific hazards regression analyses weighted with inverse probability weights to account for 
confounders.
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days of surgery (Table 2). Crude incidence of PJI ranged from 
2.1 (<4 weeks) to 2.8/100 person- years (≥8 weeks), with no 
significant difference in PJI in propensity adjusted analyses for 
longer stop timing compared to <4 weeks (4–8 weeks haz-
ard ratio [HR] 1.29 (95% CI 0.62–2.69), ≥8 weeks HR 1.20 
(95% CI 0.48–3.05)] (Table 4, Figure 1). Results were similar 
using 2 alternative definitions of PJI and in sensitivity analyses 
restricted to the Medicare cohort or evaluating only primary 
surgeries (see Supplementary Tables 5–7, available on the 
Arthritis Care & Research web site at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.23843/ abstract).

Nonurinary hospitalized infection occurred after 115 
surgeries (5.9%), and 30- day readmission occurred after 
114/1,815 surgeries (6.3%). There were no significant differ-
ences in either of these outcomes by abatacept stop timing 
(Table 4, Figure 1). Results were similar in analyses limited to 
the Medicare cohort or limited to primary surgeries (see Sup-
plementary Tables 5–6, available at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.23843/ abstract).

Exploratory outcomes. The risk of prolonged length of 
stay was significantly greater in patients with abatacept stop 
timing of 4–8 weeks (OR 1.74 [95% CI 1.17–2.58]) or ≥8 weeks 
(OR 2.26 [95% CI 1.41–3.62]) versus <4 weeks in propensity- 
weighted analyses (Table 5). Among 1,746 primary hip or knee 
arthroplasties with a mean follow- up time of 2.5 years, we iden-
tified 54 revision surgeries (1.2/100 person- years), with no sig-
nificant difference in rates of revision by abatacept stop timing 

(Table 5).
While patients with different abatacept stop timing had 

similar rates of oral glucocorticoid use prior to surgery (50.4%, 
48.4%, and 52.8% for abatacept stop timing <4 weeks, 4–8 
weeks, and ≥8 weeks, respectively), patients with stop timing ≥8 
weeks were the most likely to fill a glucocorticoid prescription in 
the 90 days after surgery (42.5%, 42.0%, 49.6% for abatacept 
stop timing <4 weeks, 4–8 weeks, and ≥8 weeks, respectively; 
P = 0.01 for <8 weeks versus ≥8 weeks). Patients with abatacept 
stop timing ≥8 weeks were more likely to receive opioids before 

surgery (60.4%, 59.3%, 73.3% for stop timing <4 weeks, 4–8 
weeks, and ≥8 weeks, respectively; P < 0.001). These patients 
were also less likely to restart abatacept after surgery (92.9%, 
89.6%, 55.9% for stop timing <4 weeks, 4–8 weeks, and ≥8 
weeks, respectively; P < 0.001).

Abatacept stop timing in 2- week intervals. Precision 
was more limited in sensitivity analyses categorizing abatacept 
stop timing in 2- week intervals. We found that patients with stop 
timing of 2–4 weeks had similar rates of hospitalized infection, 
PJI, nonurinary hospitalized infection, and 30- day readmission 
versus patients with longer stop- timing in propensity- weighted 
analyses (see Supplementary Table 8 and Supplemental Figure 
3, available on the Arthritis Care & Research web site at http://
onlin elibr ary.wiley.com/doi/10.1002/acr.23843/ abstract). Only 
177 patients (9.1% overall) received abatacept within 2 weeks 
of surgery. Although risks of the outcomes were not signif-
icantly different with stop timing <2 weeks versus 2–4 weeks 
in propensity- weighted analyses, patients with abatacept stop 
timing <2 weeks did have numerically greater risk of hospitalized 
infection (OR 1.63 [95% CI 0.91–2.91]), PJI (HR 1.48 [95% CI 
0.45–4.93]), nonurinary hospitalized infection (OR 1.45 [95% CI 
0.70–2.99]), and 30- day readmission (OR 1.23 [95% CI 0.60–
2.51]) versus stop timing of 2–4 weeks (see Supplementary Table 
8 and Supplementary Figure 3, available on the Arthritis Care & 
Research web site at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.23843/ abstract).

Associations between glucocorticoids and 
 outcomes. In propensity- weighted analyses, we found that 
an average glucocorticoid dosage of >7.5 mg/day in the 3 
months prior to surgery versus no glucocorticoids was asso-
ciated with a greater risk of hospitalized infection (OR 2.19 
[95% CI 1.28–3.77]), nonurinary hospitalized infection (OR 
2.38 [95% CI 1.22–4.64]), and a numerically greater risk of PJI 
(HR 2.13 [95% CI 0.78–5.79]), 30- day readmission (OR 1.52 
[95% CI 0.78–2.98]), and prolonged length of stay (OR 1.70 
[95% CI 0.99–2.90]) (see Supplementary Tables 9 and 10 and 

Table 5. Frequency and results of inverse probability weighted analyses for prolonged length of stay and time to revision surgery*

Abatacept 
stop timing No.

Prolonged 
length of stay

Prolonged 
length of stay 
aOR (95% CI)† PYs

Revision, no.  
(incidence/100 

PYs)‡
Revision, aHR 

(95% CI)†

<4 weeks 732 43 (5.9) Ref. 1,753 18 (1.0) Ref.
4 to <8 weeks 862 79 (9.2) 1.74 (1.17–2.58) 1,870 27 (1.4) 1.30 (0.70–2.41)
≥8 weeks 345 45 (13.0) 2.26 (1.41–3.62) 760 9 (1.2) 0.83 (0.35–1.95)
Total 1,939 167 (8.6) N/A 4,382 54 (1.2) N/A

* Values are the number (%) unless indicated otherwise. aOR = adjusted odds ratio; 95% CI = 95% confidence interval; PYs = person- years; 
aHR = adjusted hazard ratio; Ref. = reference; N/A = not applicable. 
† From logistic regression and cause- specific hazards regression with inverse probability weighting. 
‡ Shown for revision analyses, restricted to patients with primary hip or knee arthroplasty and censored if a subsequent hip or knee arthro-
plasty is performed. 
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Supplementary Figure 4, available at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.23843/ abstract).

DISCUSSION

In this study evaluating a cohort of patients with RA treated 
with intravenous abatacept before elective hip or knee arthro-
plasty, we found that patients who received abatacept within 1 
dosing interval (4 weeks) of surgery had similar rates of post-
operative hospitalized infection, prosthetic joint infection, and 
30- day readmission compared to patients with longer stop 
timing. These results suggest that withholding abatacept for 
at least 1 dosing interval prior to surgery (i.e., >4 weeks or 
>8 weeks), while exposing patients to a risk of disease flares, 
may not reduce the risk of short- term hospitalized infection or 
subsequent PJI.

Little data exists to inform how biologic therapies should 
be managed in the perioperative period. Current guidelines 
from the ACR recommend continuing nonbiologic DMARDs 
(such as methotrexate) throughout the perioperative period 
but withholding biologics for 1 dosing interval (i.e., 4 weeks 
for intravenous abatacept), although these recommendations 
are based on limited and indirect data from studies of biolog-
ics in the nonsurgical setting (5). After the publication of these 
guidelines, we evaluated the timing of infliximab before hip or 
knee arthroplasty in a large Medicare cohort and found that 
rates of postoperative infection were similar in patients who 
had received infliximab 8–12 weeks prior to surgery (at least 
1 dosing interval) compared to those with shorter stop timing 
of 4–8 weeks (adjusted OR 0.95 [95% CI 0.62–1.36]) or <4 
weeks (adjusted OR 0.90 [95% CI 0.60–1.34]) (6). At that time, 
however, there was not enough data to evaluate other infusion 
biologic therapies.

The current study provides new data on associations 
between the timing of abatacept before hip and knee arthro-
plasty and postoperative outcomes. In this study, we spe-
cifically evaluated patients receiving intravenous abatacept 
because, unlike with prescription drug data from pharmacy 
claims, the date a patient last received an infusion medication 
can be precisely determined based on the infusion date. Impor-
tantly, we did not compare those being treated with abatacept 
to those who are not being treated with abatacept because 
these patients may be quite different. Rather, we compared 
patients with different abatacept stop timing before surgery. 
In support of this approach, patients who received abatacept 
within 1 dosing interval (4 weeks) of surgery were quite similar 
to those who had abatacept held for at least 1 dosing interval 
(4–8 weeks), even before propensity score adjustment.

We found that patients who received an infusion within 
4 weeks of surgery had similar rates of hospitalized infection, 
PJI, nonurinary hospitalized infection, and 30- day readmis-
sion  compared to those who held therapy for 1 dosing inter-

val (4–8 weeks) or more than 2 dosing intervals (≥8 weeks). 
These results suggest that withholding therapy is not likely to 
substantially improve postoperative outcomes and that any 
differences in infection risk, if they exist, are likely to be small. 
Prolonged withholding of therapy, however, increases the 
risk of disease flares (30), which could potentially interfere with 
rehabilitation or lead to increases in glucocorticoid exposure.

We could not directly assess clinical disease flares in these 
data and were limited in our ability to precisely assess short- term 
changes in glucocorticoid doses, but we did find that patients 
with stop timing ≥8 weeks were more likely to fill a glucocorti-
coid prescription in the 3 months after surgery. Importantly, pre-
vious studies have consistently demonstrated an increased risk 
of adverse postoperative outcomes with glucocorticoids (6,31–
34). In this study as well, an average glucocorticoid dosage of 
>7.5 mg/day (based on oral prescriptions in the 3 months before 
surgery) was associated with greater risk. Higher disease activ-
ity in glucocorticoid- treated patients may contribute to this risk, 
although the patients in this study were healthy enough for elec-
tive surgery.

Interestingly, patients with longer abatacept stop timing of 
4–8 weeks or ≥8 weeks were more likely to have a prolonged 
hospitalization (defined as >90th percentile). While it is tempting to 
think that disease flares may have contributed to slower recover-
ies and longer hospitalizations, this observation could also be the 
result of residual differences in hospital practice or patient char-
acteristics (e.g., abatacept might be held in patients at higher risk 
of complications), which have been shown to strongly influence 
length of stay (20,35).

Our ability to evaluate abatacept stop timing in smaller 
intervals (i.e., 2- week instead of 4- week intervals) was more 
limited, but it should be noted that adverse outcomes, espe-
cially hospitalized infection, were somewhat more common in 
the small group of patients who received abatacept within 2 
weeks before surgery (24% of those who received abatacept 
within 4 weeks). Confidence intervals in this analysis are wide 
and results may be due to chance, but we cannot rule out the 
possibility that receiving an abatacept infusion within 2 weeks 
before surgery is associated with a clinically important increase 
in infection risk.

When applying these results to clinical practice, it may be 
reasonable preoperatively to time intravenous abatacept infusions 
to occur 2–4 weeks prior to surgery. Postoperatively, if the surgical 
site is healing well and treatment is resumed 14 days after surgery 
(as suggested in ACR guidelines) (5), then there will be little to no 
interruption of abatacept.

Several limitations of this study should be considered. Out-
comes were based on claims algorithms, although hospitalized 
infection has previously been validated in other settings, rates 
of infection were similar to expected rates (4,36), and we were 
able to demonstrate differences in the risk of our outcomes 
with  glucocorticoid exposure. Results of PJI analyses were less 
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precise, yet we found no evidence of greater risk with shorter 
aba tacept stop timing. Residual confounding by indication is 
possible, although patient characteristics were quite similar 
even before applying propensity score weighting (especially in 
the <4 week and 4–8 week categories). Some patients with 
longer stop timing could have been tapering treatment or less 
adherent to treatment, but the majority of patients in all groups 
were receiving abatac ept every 4 weeks. Although we did not 
directly measure disease activity, all patients were well enough 
to undergo elective surgery and were stable on biologic ther-
apy. We also included measures of health care utilization as a 
proxy for disease severity. Patients were intentionally evaluated 
on chronic stable therapy with abatacept, and results might not 
apply to patients who have recently started abatacept, particu-
larly because infection risk may be higher soon after biologic 
initiation (37–39). Additionally, it is unclear how the results of this 
study should be applied to subcutaneous abatacept, which was 
excluded because of inability to precisely determine a stop date.

Subcutaneous abatacept has a similar half- life (mean of 14.3 
days) to intravenous abatacept (mean of 13.1 days) (40), but weekly 
instead of monthly dosing. Current ACR guidelines recommend 
withholding subcutaneous abatacept for 1 week before surgery (5).

In conclusion, withholding intravenous abatacept for ≥4 
weeks (1 dosing interval) is not associated with a lower risk 
of postoperative hospitalized infection, PJI, or readmission. 
The questionable benefits of withholding therapy should be 
balanced against the known risks of disease flares, especially 
because glucocorticoids are associated with adverse postop-
erative outcomes.
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Patient Perspectives on Intravenous Biologics for 
Rheumatologic Disease
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Objective. Two surveys were conducted with patients with rheumatologic diseases to evaluate perceptions of 
different routes of administration (intravenous [IV] or subcutaneous [SC]) for biologic therapy.

Methods. In Survey I, patient preferences toward biologic treatment were evaluated at a rheumatology practice in 
Buffalo, New York. In Survey II, Canadian patients enrolled in the BioAdvance patient support program and scheduled 
to receive IV biologic therapy were asked about their opinions of IV treatment.

Results. In Survey I, 243 rheumatology patients participated. Median patient age was 60 years, 76% were female, 
and 44% were naive to treatment with biologic agents. Among biologic- naive patients, the majority (56%) were open 
to either SC or IV treatment; biologic- naive women were more likely than men to express a preference for the route of 
administration. In Survey II, 1,598 patients from the BioAdvance program (including 306 rheumatology patients) com-
pleted the full survey. Among the rheumatology patients, the median age was 49 years, 58% were female, and 61% 
had not previously taken biologics before enrolling in the BioAdvance program. The median rating of IV favorability 
(on a 10- point scale, with higher numbers indicating increased favorability) recalled by rheumatology patients was 5 
prior to their first program infusion, which increased to 9 after multiple treatment infusions.

Conclusion. These survey results indicate that patients with rheumatoid arthritis are generally open to IV  treatment 
and express high satisfaction with IV therapy. Additional patient and provider education may improve shared decision- 
making regarding biologic therapy administration options.

INTRODUCTION

Biologic therapies are the treatment of choice for  moderate- 
to-severe cases of many rheumatologic diseases, including rheu-
matoid arthritis (RA), psoriatic arthritis (PsA), and ankylosing spon-
dylitis (AS), particularly in patients with an inadequate response to 
conventional disease- modifying antirheumatic drugs (DMARDs) 
(1–4). For RA patients with active disease despite conventional 
DMARDs, current recommendations do not specify a treatment 
of choice from among approved anti–tumor necrosis factor (anti- 
TNF) inhibitors (e.g., adalimumab, certolizumab pegol, etan-
ercept, golimumab, or infliximab) or the non- TNF options (e.g., 
abatacept, anakinra, rituximab, sarilumab, tocilizumab, and tofac-

itinib) in some cases (1,2). The choice of biologic therapy for each 
patient is generally based on consideration of patient- related fac-
tors, disease- related factors, the mechanism of action of the pre-
scribed medication, and patient preferences for treatment (5–9).

One of the key factors influencing patient preference for bio-
logic therapy is the route of administration (i.e., intravenous [IV] or 
subcutaneous [SC]) (9–11). Biologics generally exhibit comparable 
efficacy, despite differences in route of administration (12). Thus, 
patients’ and rheumatologists’ preferences for route of adminis-
tration may play a role in driving the choice of biologic treatment; 
however, rheumatologists’ and patients’ perspectives on various 
routes of administration may differ. In 1 study in the US, evaluat-
ing perceptions of biologic therapy among patients with RA and 
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rheumatologists, 53% of patients reported being open to both 
IV infusion and SC injections, while only 41% of rheumatologists 
reported that patients would be open to either route of admin-
istration (10). Approximately 28% of surveyed patients reported 
preferring IV treatment, while the rheumatologists reported that 
only 16% of their patients would prefer IV therapy (10).

Although a general preference for SC biologic therapies has 
been reported among rheumatology patients, among those who 
have experienced IV therapy, there is some evidence that most 
have favorable opinions of the IV route of administration (13–15). In 
a Danish study, IV therapy was preferred by 85% of patients already 
receiving IV treatment (15). In another recent study evaluating the 
characteristics of US patients with inflammatory arthritis (e.g., RA, 
PsA, or AS) who had been receiving IV biologic treatment (n = 100) 
ranging in duration from 0.08 to 16 years, approximately 80% of 
patients reported being very satisfied with their IV infusions (16). In 
that study, patients’ perception of IV therapy improved considerably 
after starting treatment; only 33% of patients reported an extremely 
favorable view of IV therapy prior to treatment, while 71% reported 
an extremely favorable view after receiving therapy. Advantages of 
IV therapy reported by patients included medication administration 
by a health care provider in the infusion setting, as well as having  
regular on-site monitoring of health status and potential side effects. 
In general, patients did not consider the time required for travel to 
infusion centers, infusion durations, or time missed from work or 
school to be major disadvantages of IV therapy.

Two surveys were conducted to further assess trends 
regarding rheumatology patient preferences for SC and IV bio-
logic treatment. The aim of Survey I was to evaluate preferences 
for route of administration of biologics among rheumatology 
patients at a clinical practice in the US, while the aim of Survey 
II was to evaluate perceptions of receiving IV biologic therapy 
among rheumatology patients in a Janssen- sponsored infusion 
clinic and treatment support program  (BioAdvance). Results of 
both surveys are presented here.

PATIENTS AND METHODS

Survey I: In- office patient preferences for biologic 
route of administration in a rheumatology practice. 

 Survey I was a 20- item survey assessing patient preferences 
and adherence to treatment (see Supplementary Appendix 1, 
 available on the Arthritis Care & Research web site at http://onlin 
elibr ary.wiley.com/doi/10.1002/acr.23758/ abstract) and was 
administered to patients seen in a suburban rheumatology prac-
tice in Greater Buffalo, New York from January through March 
2015. The survey was distributed at a single- specialty rheuma-
tology practice consisting of 4 rheumatologists and 4 nurse prac-
titioners at 2 offices. The survey was distributed to patients with 
rheumatic diseases, including RA, PsA, AS, systemic lupus ery-
thematosus, and other diseases. This survey included biologic- 
naive patients as well as patients who were currently or previously 
receiving an IV or SC treatment. Patients completed the survey 
voluntarily in the waiting room prior to their visit. Surveys were 
reported anonymously; patients provided informed consent for 
demographic information to be captured from their chart (based 
on an identifying number) if they did not provide that data in their 
survey.

This survey was approved by the Mercy Hospital of  Buffalo 
Institutional Review Board. Data analyses were performed using 
Excel software with the Data Analysis ToolPak. For demographic 
characteristics, continuous outcomes were summarized using 
descriptive statistics (median, range, mean, and SD), and cat-
egorical outcomes were summarized using percentages. For 
responses to survey questions about patient preference and 
adherence, results were summarized as percentages reporting 
each response. Statistical testing included t- tests and analysis of 
variance. P values less than 0.05 were considered significant.

Survey II: Patient perceptions of IV therapy in 
the BioAdvance treatment support program. During 
an approximately 2.5- month period (May 5 to July 18, 2014), 
nearly 10,000 patients were invited to participate in an online 
survey (Survey II) regarding their experiences with IV infu-
sion and the Janssen- sponsored BioAdvance program (17). 
All invited patients were receiving infliximab treatment at 192 
clinics across Canada and were enrolled in the BioAdvance 
patient support program, which provides support for Canadian 
patients scheduled to receive IV infusions of infliximab, golim-
umab, or ustekinumab for any approved indication (17). The 
BioAdvance program streamlines the care process for both 
the provider and patient, incorporating a prebiologic checklist, 
standard administration protocol for infusion clinic staff, injec-
tion/infusion education, continuous monitoring, and reminder 
calls for patients, while allowing patients to have a flexible 
clinic selection. Written informed consent was provided by all 
participants or their legal guardians (17).

Survey II included a total of 28 questions, including 11 
related to patient characteristics and disease, health sta-
tus, and treatment characteristics, and 17 questions related 
to patient perceptions of their experience prior to and after 
multiple IV administrations in the BioAdvance program (17). 

SIGNIFICANCE & INNOVATIONS
• A general preference for subcutaneous  biologic 

therapies has previously been reported among 
rheumatology patients.

• Results of the current surveys indicate that rheu-
matoid arthritis patients, including biologic-naive 
patients, are generally open to intravenous or sub-
cutaneous treatment.

• Patients receiving intravenous therapy express 
high satisfaction with this route of administration.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23758/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23758/abstract
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The results of the full survey, which largely included patients 
with inflammatory bowel disease (e.g., Crohn’s disease and 
 ulcerative colitis) who were receiving IV treatment in the 
 BioAdvance program, have been published previously (17). In 
the full survey, the majority of patients (75.5%) had received 
≥1 year of infliximab treatment (to be taken every 8 weeks 
after induction doses at 0, 2, and 6 weeks) in the BioAdvance 
program (17). Patients completed the surveys online, and all 
identifying information was removed from the survey results 
(17). This survey was reviewed by an institutional review board. 
Data analyses were performed using SAS software, version 9.2 
(17). For demographic characteristics, continuous outcomes 
were summarized using descriptive statistics (median, range, 
mean, and SD), and categorical outcomes were summarized 
using percentages. For responses to survey questions about 
patient preference and adherence, results were summarized 
as percentages reporting each response.

RESULTS

Survey I. Patients. A total of 243 rheumatology patients 
completed the patient preferences survey. Baseline and demo-
graphic characteristics are shown in Table  1. The majority of 
patients were female (76%), 49% were ages >60 years, 81% 
had a diagnosis of RA, and 44% of the 243 were biologic naive.

Route of administration preference. When biologic- naive 
patients (n = 107) were asked whether they would be open 

to SC biologic therapy to be self- injected every 1 to 2 weeks, 
63% reported being open to some degree: 31% reported 
being somewhat open, 13% were very open, and 18% were 
extremely open. When biologic- naive patients were asked 
whether they would be open to an IV biologic infusion every 
1 to 2 months, 75% reported being at least somewhat open: 
36% somewhat open, 21% very open, and 18% extremely 
open. In all, 56% of biologic- naive patients reported being 
open (i.e., somewhat, very, or extremely) to both SC and IV bi-
ologic therapy. A total of 7% of patients were open to SC treat-
ment only, and 18% of patients were open to IV treatment only. 
Among biologic- naive patients who expressed a preference  
(n = 54), a significantly higher percentage of patients preferred 
IV biologic therapy (65%) compared with SC biologic therapy 
(35%; P < 0.01).

When route of administration preferences were evaluated 
by sex among biologic- naive patients, the proportion of patients 
who did not express a preference was higher among men (64%) 
than among women (43%), although the difference did not reach 
statistical significance (P = 0.10). Among biologic- naive women 
who expressed a preference, a significantly higher percentage 
preferred IV biologic therapy (65%) compared with SC biologic 
therapy (35%; P < 0.01). Among biologic- naive men expressing 
a preference, the percentage who preferred IV biologic therapy 
(63%) did not differ significantly from the percentage who pre-
ferred SC biologic therapy (38%; P = 0.35) (Figure 1A). Among 
all biologic- naive patients (both sexes) who expressed a route of 
administration preference, the proportion who preferred IV therapy 
increased with age, as nearly equal numbers of patients age ≤60 
years endorsed SC and IV routes, while approximately 3.4 times 
as many patients age >60 years preferred IV (Figure 1B).

When route of administration preferences were evaluated 
for patients already receiving biologic therapy (i.e., biologics 
experienced), 50% of patients who were currently receiving SC 
preferred SC therapy, with 33% expressing no preference, while 
58% of patients who were currently receiving IV therapy pre-
ferred IV therapy, with 29% expressing no preference.

In the overall cohort of patients who completed the survey 
and reported a preference, a significantly higher percentage of 
patients with RA preferred IV therapy (62%) compared with SC 
therapy (38%; P = 0.0004). In contrast, among patients with 
PsA, a significantly higher percentage of patients preferred SC 
therapy (82%) compared with IV therapy (18%; P < 0.0001). 
Only 6 patients with AS reported a preference, with 50% prefer-
ring SC therapy and 50% preferring IV infusion.

Adherence with SC therapy was assessed with the fol-
lowing question: “Assuming you are not having surgery and 
do not have an infection, how frequently do you give your-
self your shot exactly as prescribed?” Patients who were not 
currently receiving home- based SC treatment were instructed 
to skip this question; of the 73 patients who did respond, 
most reported taking their shot (injection) exactly as they were 

Table 1. Survey I: patient baseline and demographic characteristics*

Characteristic Values (n = 243)

Age, years
Median (range) 60 (19–92)
Mean ± SD 59.8 ± 12.8
Age group

<40 7
40–60 44
>60 49

Sex
Female 76
Male 24

Disease state†
Rheumatoid arthritis 81
Psoriatic arthritis 13
Ankylosing spondylitis 5

Current medications
Methotrexate 55
Biologics 50

* Values are the percentage, unless indicated otherwise. 
† Patients could report >1 disease state. Percentages do not add 
up to 100%; 5 patients reported having systemic lupus erythema-
tosus only, 6 patients reported having undifferentiated spondy-
loarthropathies, and 34 patients reported multiple diagnoses. 
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Figure  1. Survey I: biologic- naive patient preferences for subcutaneous (SC) or intravenous (IV) biologic therapy among patients who 
expressed a preference by sex (A) and age group (B). Patients who reported that they did not have a preference and would consider either 
option or were unwilling to consider either option were excluded from these analyses. b indicates P < 0.01 versus proportion preferring SC  
biologic therapy; c indicates P = 0.35 versus proportion preferring SC biologic therapy; d indicates P = 0.52 versus proportion preferring SC 
biologic therapy; e indicates P = 0.54 versus proportion preferring SC biologic therapy; f indicates P < 0.01 versus proportion preferring SC 
biologic therapy.
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 supposed to all of the time (58%), or most of the time (41%), 
with only 1 patient (1%) reporting a lack of adherence with SC 
treatment (“I’m somewhat casual about giving myself a shot, 
and I take it primarily when I feel I need it”). When the data 

were analyzed by age, all patients age <40 years (n = 11) and 
>60 years (n = 31) reported adherence with treatment most 
or all of the time; 97% of patients ages 40–60 years (n = 31) 
reported adherence with treatment most or all of the time.

Table 2. Survey II: patient baseline and demographic characteristics*

Characteristic AS (n = 113) PsA (n = 74) RA (n = 119)
Overall rheumatic  
diseases (n = 306)

Age, years
Median (range) 44 (18–69) 49 (23–69) 54 (20–81) 49 (18–81)
Mean ± SD 45.0 ± 11.4 49.0 ± 11.5 51.8 ± 14.0 48.6 ± 12.8
Age group

<40 33 27 24 28
40–60 56 55 47 52
>60 12 18 29 20

Sex
Male 68 35 21 42
Female 32 65 79 58

Health rating†
Median (IQR) 7 (6–9) 7 (6–8) 7 (6–9) 7 (6–9)
Mean ± SD 7.2 ± 1.9 6.8 ± 2.0 6.9 ± 2.3 7.0 ± 2.1
Category

1–4 6 12 14 11
5–6 26 35 15 24
7–8 39 35 44 40
9–10 29 18 27 25

Infliximab treatment, duration‡
0–2 months 5 5 7 6
3–6 months 7 10 4 7
7–11 months 8 7 7 7
1–2 years 13 14 10 12
>2 years 66 64 72 68

No. of prior biologic therapies§

None⁋ 66 42 69 61

1 18 27 16 20
2 12 19 8 12
3 2 10 3 4
>3 3 3 4 3

Employment status
Full- time 49 27 37 39
Part- time 12 15 8 11
Student 3 1 3 2
Retired 12 15 29 19
Long- term disability 20 28 15 20
Unemployed 5 12 8 8

* Values are the percentage, unless indicated otherwise. Percentages may not total 100%, due to rounding. AS = ankylosing spondylitis;  
PsA = psoriatic arthritis; RA = rheumatoid arthritis; IQR = interquartile range. 
† Possible health rating ranged from 0 to 10, with higher scores indicating better health. 
‡ AS: n = 112; PsA: n = 73; RA: n = 118; overall rheumatic diseases: n = 303. 
§ AS: n = 111; PsA: n = 72; RA: n = 116; overall rheumatic diseases: n = 300. 
⁋ Patients had received no prior biologics before initiating intravenous treatment in the BioAdvance program. 
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Survey II. Patients. Of 10,000 invitations, 1,712 respons-
es to Survey II were provided by patients receiving IV therapy 
for any indication from clinics enrolled in the BioAdvance pro-
gram (17). A total of 1,598 patients completed the full survey. 
In all, 306 patients with rheumatic diseases completed the full 
survey (RA: n = 119; AS: n = 113; PsA: n = 74). Nearly all of 
these patients (99%) were receiving IV infliximab after enrolling 
in the  BioAdvance program. Baseline and demographic charac-
teristics for patients with rheumatic diseases who completed full 
surveys are shown in Table 2. Among patients with rheumatic 
diseases, the population with RA was the oldest (median age 
54 years [range 20–81 years]) and had the smallest proportion 
of male patients (21%) (Table 2). The population with AS was the 
youngest (median age 44 years [range 18–69 years]) and had 
the highest proportion of male patients (68%). Fewer than 40% 
of patients with rheumatic diseases were employed full- time, 
19% were retired, and 20% were on disability.

The proportion of patients with rheumatic diseases with a 
health rating of 7 or greater (possible score 0 to 10, with higher 
scores indicating better health) ranged from 53% (for patients 
with PsA) to 71% (for patients with RA) (Table 2). The majority 
of patients (80%) with rheumatic diseases had been receiving 
infliximab treatment for 1 year or more.

Patient perceptions of IV therapy in the BioAdvance treat-
ment program. The proportion of patients with rheumatic dis-
eases who felt that their time commitment to obtain IV biologic 
therapy was highly worthwhile (score of 9 of a possible total 
score of 10) increased after having received multiple IV infu-
sions. Based on recall, 38.2% of patients reported that their 
time commitment to IV biologic therapy was highly worthwhile 
prior to therapy, compared with 66% who rated their time 
commitment as highly worthwhile after multiple IV infusions 
(Figure  2A). Patients with rheumatic diseases who believed 
that the time commitment required for IV therapy was highly 
worthwhile (score of at least 9) typically maintained that be-
lief, while 84% of patients who did not see their time commit-
ment as worthwhile (score of 1 to 6) prior to therapy increased 
their rating by at least 1 point, with 77% of patients increasing 
their rating to 7 or greater, after undergoing IV infusions in the 
 BioAdvance program.

Prior to their first IV infusion, the median patient rating of 
IV favorability (based on recall) was 5 of a possible score of 10 
(with higher numbers indicating increased favorability). After mul-
tiple treatment infusions, the median rating increased to 9 of 
10. The proportion of patients with rheumatic diseases with a 
highly positive impression of IV infusions (score of 9) increased 
after having received multiple IV infusions. Based on recall, 16% 
of patients reported a highly favorable rating for their impression 
of IV therapy in general (score of at least 9) prior to treatment, 
while 57.2% reported a highly favorable rating after multiple IV 
infusions  (Figure 2B). The proportion of patients with rheumatic 
diseases with a highly positive perception (score of at least 9) of 

IV therapy prior to initiating IV treatment mainly remained positive, 
while 94% of patients who had a negative perception (score of 
1 to 6) prior to therapy increased their rating by at least 1 point, 
with 88% of patients increasing their rating to 7 or greater, after 
undergoing infusions in the BioAdvance program. On average, 
patients reported that having a health care practitioner on site at 
the BioAdvance clinic was very important to them (median score 
9 [range 1–9]), based on a Likert scale of 1 (not important at all) 
to 10 (extremely important). Using the same Likert scale, patients 
rated the importance of spending time with other patients in the 
BioAdvance clinic as only moderately important (median score 5 
[range 1–9]).

DISCUSSION

The 2 surveys presented here directly evaluated patient 
preferences regarding mode of administration (SC or IV) for 
biologic treatment among patients with rheumatic diseases in 
the US and Canada. Based on the results of Survey I, most 
biologic- naive patients (56%) were open to either SC or IV 
 biologic therapy. These results were in keeping with findings 
of a previous study evaluating the perceptions of biologic ther-
apy among US patients with RA, which showed that 53% of 
patients were open to either SC or IV therapy (10). In Survey I, 
a higher proportion of biologic- naive patients overall expressed 
a preference for IV therapy than for SC therapy, although 
preferences varied by age, sex, and disease state. Younger 
patients (age <40 years) showed a strong preference for SC 
therapy; however, younger patients with rheumatic diseases 
have previously been shown to be less adherent to SC bio-
logic treatment than older patients (18,19). In general, female 
patients were more likely to state a preference for the route of 
administration of their biologic treatment than male patients, 
suggesting that men were more likely to allow their physician 
to decide the best route of administration. The specific disease 
state also appeared to affect patient preferences for route of 
administration; IV therapy was preferred by a higher proportion 
of patients with RA, while SC therapy was preferred by a higher 
proportion of patients with PsA. In a survey reported recently 
by Gaylis et al (16), patients with inflammatory arthritis reported 
a number of perceived advantages with IV therapy, including 
additional monitoring by health care staff, the immediate avail-
ability of health care resources, less frequent dosing, ease of 
scheduling administrations, and reduced fear of self-injection.

Results of Survey II were also consistent with previous data 
in the literature (16) regarding patients’ acceptance of IV ther-
apy; Canadian patients with rheumatic diseases surveyed gen-
erally reported very favorable perceptions of IV therapy and felt 
that the time commitment to obtain biologic therapy was highly 
worthwhile, and perceptions of IV therapy and the associated time 
commitment improved favorably after receiving multiple infusions 
in the program.
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Figure  2. Survey II: proportion of patients with rheumatic diseases, with their impressions of time commitment required for intravenous 
infusion (A), and intravenous infusions in general (B). a = Scale of 0 to 10, with higher scores indicating a higher rating.
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Results of both surveys reported here indicate that patients 
with inflammatory arthropathies generally have favorable percep-
tions of IV therapy. Based on the authors’ clinical experience, patient 
education and convenience appear to be factors driving the choice 
of treatment modality; biologic- naive patients may be unaware of 
the option of IV biologic therapy or perceive home- based SC bio-
logic therapy as a safer option than IV therapy. In a previous study 
of 500 patients with RA, less than half of patients reported receiving 
information about alternative biologic therapies (specifically, anti- 
TNF agents) from their physicians (20). Thus, patient education 
regarding IV biologics as an option for treatment could represent a 
key unmet need. Results from the previous literature on patient and 
physician preferences for biologic therapy suggest a disconnect in 
patient and physician perceptions (21). Results of the 2 surveys 
reported here, along with the results of previous patient preference 
studies (8–10,15,20–22)  may address this disconnect by provid-
ing physicians with information regarding patients’ attitudes and 
concerns around different rheumatology treatments. This under-
standing of the patient perspective may help guide physicians’ dis-
cussions with their patients about different biologic therapy options.

To facilitate patient- centered, collaborative care of rheuma-
tology patients, the choice of IV versus SC therapy should be 
discussed as part of a shared decision- making process. In Sur-
vey II, most patients, particularly those who had received mul-
tiple infusions, perceived the time commitment required for IV 
therapy as highly worthwhile, which may be related both to the 
effects of consistent biologic treatment and regular contact with 
a health care provider.

As previously noted, there is often a disconnect between 
patient and physician perceptions of IV therapy, with physicians 
presenting a more negative perception of IV therapy than that 
of patients who have been receiving IV therapy (10,21). Bridg-
ing this gap in patient and provider communication to ensure 
that the benefits, as well as risks, of both IV and SC options are 
presented to patients, to allow for a more balanced decision- 
making process, could assist with improving biologic treatment 
adherence and outcomes.

Another key aspect of biologic therapy to be considered is 
adherence to therapy. Adherence to treatments for RA remains 
problematic; in a recent meta- analysis, an overall adherence rate 
of 66% for all evaluated therapeutics (biologics, conventional 
DMARDs, steroids, and nonsteroidal antiinflammatory drugs) was 
reported (23). Adherence to treatment could be more readily mon-
itored for patients receiving IV therapy at an infusion center than 
for those self- administering SC therapy; however, studies of the 
impact of the different routes of administration on adherence are 
generally lacking. In addition to the perceived benefit for potentially 
improving patient adherence to treatment, increased oversight of 
patients by health care providers in an infusion center may allow 
better management of patients’ overall health and the ability to rap-
idly address any potential side effects of treatment. This concept 
is supported by the results of Survey II, in which patients reported 

that having a health care provider on-site at the infusion center was 
important to them. In addition, a recent study by Gaylis et al (16) 
showed that patients believed that medication administration by a 
health care provider in the infusion setting, as well as having regular 
on-site monitoring of health status and potential side effects, were 
key benefits of IV therapy. However, while patients perceived an 
advantage to receiving treatment at an IV center, more research 
will be needed to demonstrate an association with general health 
or rheumatology outcomes.

The findings of the current surveys in patients with rheu-
matic diseases could potentially be applied to other specialties. 
For example, in patients with inflammatory bowel disease, find-
ings regarding patient preference for IV or SC treatment are 
conflicting (24,25). In 1 survey evaluating preferences for route 
of administration of anti- TNFs in 78 patients with Crohn’s dis-
ease, 42% of patients preferred the IV option while 24% pre-
ferred the SC option (25). In a separate survey of 100 patients 
with Crohn’s disease, 64% preferred an SC anti- TNF, while 25% 
preferred an IV anti- TNF (24). These conflicting results suggest 
that patients with inflammatory bowel disease may experience 
similar challenges in treatment decision-making as those identi-
fied for patients with rheumatic diseases, and that broad educa-
tion about IV and SC biologic options could be valuable for this 
patient population as well.

The results of these 2 surveys were subject to certain limi-
tations. Some of the questions in these surveys were based on 
patient recall. Patient preferences for mode of administration may 
have been affected by experiences with prior or current treatments 
for other conditions. In Survey I, the results for the overall cohort 
of rheumatology patients may have been influenced by other 
factors (e.g., sex, disease state). Survey II included only patients 
in the BioAdvance program. Their perceptions may have been 
influenced by multiple different factors specifically related to the 
program, such as interactions with the BioAdvance coordinator 
and participating physicians. Furthermore, there may be systemic 
differences in how health care is administered in Canada that may 
not be applicable in other countries.

Taken together, results of the current surveys indicate that 
rheumatology patients are generally open to IV treatment and 
express high satisfaction with IV therapy. Based on these data 
and the authors’ many years of combined clinical experience, we 
believe that additional patient and provider education may contrib-
ute to an improved shared decision- making process for the patient.
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Adverse Events and Resource Use Before and After  
Treat- to- Target in Rheumatoid Arthritis: A Post Hoc 
Analysis of a Randomized Controlled Trial
Daniel H. Solomon,1 Zhi Yu,1 Jeffrey N. Katz,1 Asaf Bitton,1 Cassandra Corrigan,1 Liana Fraenkel,2  
Leslie R. Harrold,3  Josef S. Smolen,4 Elena Losina,1 and Bing Lu1

Objective. Treat- to- target (TTT) is an accepted paradigm for care of patients with rheumatoid arthritis (RA). 
Because TTT can be associated with more medication switches, concerns arise regarding whether implementing 
TTT may increase adverse events and/or resource use. The aim of this study was to examine adverse events and 
resource use during the preintervention and intervention periods of the TTT intervention trial.

Methods. We used data from 6 practices enrolled in an 18- month cluster- randomized controlled trial to compare 
adverse events and resource use before (months 1–9) and during (months 10–18) a TTT intervention. The outcomes 
of interest, adverse events and resource use, were based on medical record review of all rheumatology visits for RA 
patients before and during the intervention.

Results. We examined records for 321 patients before the intervention and 315 during the intervention. An 
adverse event was recorded in 10.2% of visits before the intervention and 8.8% of visits during the intervention  
(P = 0.41). Biologic disease- modifying antirheumatic drugs were taken by 53.6% of patients before the intervention and 
49.8% of patients during the intervention (P = 0.73). Rheumatology visits were more frequent before the intervention 
(mean ± SD 4.0 ± 1.4) than during the intervention (mean ± SD 3.6 ± 1.2; P = 0.02). More visits were accompanied 
by monitoring laboratory tests before the intervention (90.0%) compared with during the intervention (52.7%;  
P < 0.001). A greater percentage of visits before the intervention included diagnostic imaging (15.4%) versus during 
the intervention (8.9%; P < 0.001).

Conclusion. We observed similar rates of adverse events before and during the implementation of TTT for RA. 
Rheumatology visits, use of laboratory monitoring, and diagnostic imaging did not increase during the TTT  intervention.

INTRODUCTION

Treat- to- target (TTT) has become a widely endorsed par-
adigm for treatment of rheumatoid arthritis (RA). This approach 
involves the provider and patient setting a target disease activity, 
measurement of disease activity at each visit, and adjustment of 
treatments until target disease activity is met. Shared decision- 
making is used both to set the target and to determine treatments 
(1). We worked with 11 rheumatology practice sites in the US in a  

cluster- randomized controlled trial to test a learning collaborative 
intervention for improving implementation of TTT (2). During the 
trial, we measured the implementation of TTT using a standardized 
medical record review, and each component was noted as present 
or absent and the percent of components at each visit was aver-
aged. The intervention increased TTT implementation from a base-
line of 11% to 57% after the 9- month learning collaborative (3). A 
very similar level of improvement was seen in a second phase of the 
work among the sites originally randomized to wait- list control (4).
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In other clinical areas, the implementation of a TTT paradigm 
has been associated with an increase in adverse events. One trial that 
tested a TTT intervention for diabetes mellitus showed an increased 
risk of hypoglycemia and death when using a target glycosylated 
hemoglobin level (HbA1C) (5). While some hypertension trials have 
shown improvements in clinical outcomes when targeting a goal for 
blood pressure, a large meta- analysis demonstrated an increased 
risk of severe hypotension when targeting blood pressure (6–8). One 
medical society recently recommended a less aggressive target 
threshold for HbA1C (9). There are also concerns that implementing 
a TTT paradigm might increase resource use. We conducted a post 
hoc analysis of the TTT intervention trial to examine adverse events 
and resource use during the preintervention and intervention periods 
of the trial.

MATERIALS AND METHODS

Study design. The current analyses examined 6 rheuma-
tology sites that were part of a cluster- randomized controlled 

trial (the Treat- to- Target in RA: Collaboration to Improve Adop-
tion and Adherence [TRACTION] trial) testing a learning collab-
orative to improve implementation of TTT (Figure 1 shows the 
overall study design). Details of the learning collaborative have 
been previously described (see Supplementary Appendix 1,  
available on the Arthritis Care & Research web site at  
http://onl in el ibr ary.wi ley.com/doi/10.1002/acr.23755/ 
abstract) (2). Briefly, the learning collaborative expert faculty  
provided guidance to teams through learning sessions. Teams 
worked on process improvement through tests of small 
changes in their practice. They subsequently evaluated these 
changes and adopted those that worked. Tests of change were 
conducted over the course of several- day cycles. The faculty 
reviewed results and provided feedback. Teams focused on 
routine metrics collected across all sites and attempted to 
spread successful interventions to the broader provider group. 
Implementing TTT required a modified RA treatment discussion 
for some providers and a change in documentation. Providers 
worked with patients to choose a disease target, typically low 
disease activity or remission. The practices were required to 
select a measure and then use it routinely at all visits. Pro-
viders were asked to respond to the disease activity measure 
when the target had not been reached. This response required 
adjustment of treatment or documentation of why no changes 
were made. The learning collaborative also involved learning 
sessions; the first was a 1- day face- to- face meeting. Subse-
quent learning sessions were conducted via webinar, approxi-
mately once per month. All team members from each site were 
expected to attend these calls, but this goal was not always 

SIGNIFICANCE & INNOVATIONS
• Among 6 rheumatology practices enrolled in a pro-

spective randomized trial, we observed no increase 
in adverse events when the sites implemented 
treat-to-target for rheumatoid arthritis.

• No increase was observed in health care resource 
use when implementing treat-to-target for rheu-
matoid arthritis.

Figure 1. Design of the TRACTION trial. Phase I was the cluster- randomized controlled clinical trial comparing the learning collaborative 
intervention with a wait- list control group. Phase II provided the learning collaborative intervention to the phase I control group while the phase I 
intervention group was observed. The current article compares the same 6 control sites during phase I to phase II (outlined with the black box), 
with respect to adverse events and resource utilization.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23755/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23755/abstract
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possible. All learning sessions were recorded and made avail-
able on the web- based collaborative tool.

For the current analyses, we used data from before and 
during the intervention from these sites (3). The original trial 
comprised two 9- month periods: during the first 9 months, 
the 6 sites were in the wait- list control group (before inter-
vention) and during the second 9 months, they received the 
intervention. We used these 2 periods to examine adverse 
events and resource use before and during TTT implementa-
tion. The appropriate institutional review boards approved all 
study activities.

Study population. Each site chose at least 30 patients 
with RA seen during the periods of interest, 3 months prior to 
intervention and the last 3 months of the intervention (a period of 
3 months was chosen as the sampling frame since most patients 
with RA will have ≥1 visit every 3 months). The intervention for 
these 6 sites occurred during 9 months, from November 2015 to 
July 2016. The patients were chosen randomly from these two 
3- month periods. The sites were all rheumatology practices from 
across the US. They all had at least 2 rheumatology providers 
and 2 sites included nonphysician providers. Four sites had an 
academic affiliation.

Outcomes: adverse events and resource use. We 
examined all visits for the selected patients during the 2 study 
periods described above, assessing for possible medication- 
related adverse events and resource use. Adverse events of 
interest included rashes, oral ulcers or mouth pain, alopecia, 
infections requiring antibiotics, liver toxicity as manifested by 
abnormal liver function tests (above the upper limits of normal) 
and/or abnormal liver imaging, cytopenias as manifested by 
complete blood counts below the lower limits of normal, renal 
insufficiency defined as a 50% decrease in creatinine clearance, 
a new cancer diagnosis, gastrointestinal symptoms (e.g., nau-
sea, vomiting, diarrhea, unexplained weight loss/gain, abdom-
inal pain, or dyspepsia), and other miscellaneous side effects. 
Three trained research assistants reviewed all the medical 
records using a standardized data abstraction form.

The same set of visits was assessed for resource use. 
We inspected visit notes, laboratory records, prescription lists, 
and imaging data for the following categories: prescription 
of biologic and nonbiologic disease- modifying antirheumatic 
drugs (DMARDs); orders and completion of monitoring lab-
oratory tests, such as complete blood counts, liver function 
tests, serum creatinine, erythrocyte sedimentation rate, and  
C- reactive protein level; and orders and completion of diagnos-
tic imaging, such as plain radiographs, computed tomography 
scans, magnetic resonance imaging, or dual energy radiograph 
absorptiometry. Most sites did not do routine joint ultrasounds, 
and these were not included as part of the diagnostic imaging 
assessment. Each aspect of the data analyzed was determined 

as absent or present, based on a medical record review by 
trained study staff (interrater κ = 94% [95% confidence interval 
(95% CI) 90–99]), and intrarater reliability κ = 98% (95% CI  
95–99).

Statistical analysis. To compare adverse events across 
periods, we assessed the following metrics: the percent of visits 
during the period with any of the above adverse events, the per-
cent of patients with any of the above adverse events, and the 
mean number of any of the above adverse events per patient. 
We also calculated similar metrics for resource use, including the 
percent of visits with each resource used, the percent of patients 
with each resource used, and the mean number of resources 
used per patient.

Table  1. Characteristics of the patients before and during the 
treat- to- target intervention*

Before 
(n = 321)

During 
(n = 315) P

Age, mean ± SD years 59.7 ± 4.3 61.0 ± 13.5 0.28
BMI, mean ± SD  

kg/m2†
30.1 ± 7.5 30.0 ± 8.1 0.90

Female 250 (77.9) 260 (82.5) 0.14
RA duration, years† 0.47

<2 22 (16.1) 19 (11.3) –
2–5 39 (28.5) 52 (31.0) –
6–10 30 (21.9) 31 (18.5) –
>10 46 (33.6) 66 (39.3) –

Serologic status† 0.94
Positive 193 (76.3) 180 (76.6) –
Negative 60 (23.7) 55 (23.4) –

Use of synthetic 
DMARDs

248 (77.3) 248 (78.7) 0.65

Use of biologic 
DMARDs

131 (40.8) 122 (38.7) 0.59

Comorbidity index, 
mean ± SD

1.33 ± 0.6 1.31 ± 0.7 0.62

Joint erosion 0.86
Yes 109 (53.4) 103 (52.6) –
No 95 (46.6) 93 (47.5) –

Total medications 0.14
0 0 (0.0) 0 (0.0) –
1–5 42 (13.1) 26 (8.3) –
6–10 104 (32.4) 105 (33.2) –
>10 175 (54.5) 184 (58.4) –

* Values are the number (%) unless indicated otherwise. Some 
percentages are larger because of missing data. BMI = body mass 
index; RA = rheumatoid arthritis; DMARDs = disease- modifying an-
tirheumatic drugs. 
† Data were missing for the following variables: age (n = 64), BMI 
(n = 150), RA duration (n = 331), serologic status (n = 148), and joint 
erosions (n = 236). 
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The samples of patients at each site across the 2 peri-
ods were different. We described and compared the baseline 
characteristics of patients during the 3 months prior to the 
 control period and the 3 months prior to the intervention using 
2 sample t- tests, chi- square tests, or nonparametric tests 
when applicable. The metrics for adverse events and resource 
use were then compared across the 2 periods. Due to the hier-
archical structure of data, we used generalized linear mixed 
models (GLMMs) to adjust for site effect and within- provider 
correlation. GLMMs for binary, Poisson, or negative binomial 
outcomes were used based on distributions of adverse events 
and resource use in the analysis. All analyses were performed 
using SAS software, version 9.4.

RESULTS

We examined records for 321 patients included in the 
assessment for the 9 months before the intervention and 315 
patients during the 9 months of the intervention; these numbers 
included 1,284 visits before and 1,134 visits during the interven-
tion (Table 1). Patients were similar in all respects across the 2 
periods: mean ± SD age 60 ± 14 years, 81% female, and 76% 
seropositive. There was a similar proportion of patients using 
biologic DMARDs in the period before the intervention (40.8%) 
compared with during the intervention (38.7%) (P = 0.59). The 
percentage with joint erosions was also similar: 53.4% before 
and 52.6% during the intervention (P = 0.86).

Adverse events were similar across periods under 
consideration (Table  2). Any adverse event was recorded in 
10.2% of visits before the intervention and 8.8% during the 
intervention (adjusted P = 0.41). The percent of patients with 
an abnormal liver function test was slightly greater in the period 
before the intervention (0.8%) than during the intervention 
(0.3%) (adjusted P = 0.12). Mucocutaneous adverse events 
(alopecia, oral ulcers, or any rash) were also slightly more 
common in the period before the intervention (1.7%) than 
during the intervention (0.8%) (adjusted P = 0.07). The percent 
of patients who experienced an infection trended higher during 
the intervention (12.1%) compared with before the intervention 
(9.4%; adjusted P = 0.18). Gastrointestinal symptoms were 
experienced by a similar percentage of patients in both periods: 
2.2% before and 2.2% during the intervention (adjusted  

P = 0.79).
Finally, we compared resource use across the 2 periods 

(Table 2). Biologic DMARDs were taken by 53.6% of patients 
before the intervention and 49.8% during the intervention (P 
= 0.73). Rheumatology visits were more frequent before the 
intervention (mean ± SD 4.0 ± 1.4) than during the intervention 
(mean ± SD 3.6 ± 1.2; P = 0.02). More visits were accom-
panied by monitoring laboratory tests before the intervention 
(90.0%) compared with during the intervention (52.7%; P < 

0.001). A greater percentage of visits before the intervention 
included diagnostic imaging (15.4%) versus during the inter-
vention (8.9%; P < 0.001).

DISCUSSION

Ample evidence supports TTT as an effective paradigm 
for managing RA (10). While there appear to be opportunities 
for enhancing the use of TTT in rheumatology practice (11,12), 
understanding the potential for excess adverse events and 
resource use is required to optimize implementation. Using 
data from a recently completed randomized controlled trial, we 
examined adverse event rates and resource use in 6 rheuma-
tology practices prior to, and during, implementation of TTT. 
We did not observe clinically important or statistically significant 
increases in adverse events during the intervention. We saw no 
increase in the use of biologic DMARDs, laboratory monitoring, 
diagnostic imaging, or overall rheumatology visits during the 
intervention.

The lack of an increase in adverse events should provide 
some reassurance to providers and patients. Treating to target 
in other chronic disease areas, such as diabetes mellitus and 
hypertension, has been associated with excess adverse events 
(5,6,8). Our results are consistent with other trials of TTT that did 
not observe an increase in drug toxicity (10).

Resource use differed across time periods, but appeared to 
be slightly reduced during the TTT intervention. Possibly, using a 
more systematic TTT approach reduced the need for the use of 
the resources we measured. We believe that the important result 
is that no increase in resource use was observed. However, the 
slight improvement in disease activity that we observed during 
TTT was possibly associated with a reduced need for resources. 
This finding may also have been based on chance, because of a 
relatively small sample size or some degree of misclassification 
that differed across time periods, producing a biased result; this 
possibility seems unlikely.

We acknowledge several strengths and limitations. The 
fact that the same 6 sites were examined before and  during 
the TTT intervention limits the possible confounding bias. 
However, secular trends during the 18 months of the study 
period could have impacted the results. Further, 6 rheumatol-
ogy practices may not be representative of national trends. A 
standardized review of medical records was performed cen-
trally to reduce interobserver variability, but medical records 
may not perfectly represent all adverse events and resources 
used during the 2 periods studied. A larger sample size may 
have yielded a statistically significant increase in infections.

In conclusion, we did not observe an increase in overall 
adverse events or resource use associated with TTT. Prior work 
demonstrates the clinical benefits of TTT, which may translate 
into a reduction in resource use. But most importantly, patients 
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treated with a TTT approach do not appear to be at risk of 
increased adverse events.
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Table 2. Adverse events before and during the treat- to- target intervention*

Before During P†
Difference, % 

(95% CI)

Any adverse event‡
Visits 10.2 8.8 0.41 −1.4 (−3.7, 1.0)
Patients 29.6 25.7 0.45 −3.9 (−10.8, 3.1)
No. per patient, mean 0.43 0.35 0.18 −0.1 (−0.2, 0.1)

Abnormal liver function tests
Visits 0.8 0.3 0.12 −0.5 (−1.1, 0.1)
Patients 2.8 1.0 0.11 −1.8 (−4.0, 0.3)
No. per patient, mean 0.03 0.01 0.08 −0.02 (−0.1, 0.1)

Rash/oral ulcers/alopecia
Visits 1.7 0.8 0.07 −0.9 (−1.7, 0.1)
Patients 5.9 2.9 0.07 −3.0 (−6.2, 0.1)
No. per patient, mean 0.07 0.03 0.04 −0.04 (−0.1, 0.00)

Infections
Visits 2.7 3.8 0.07 1.1 (−0.3, 2.6)
Patients 9.4 12.1 0.18 2.7 (−2.1, 7.5)
No. per patient, mean 0.11 0.14 0.13 0.03 (0.0, 0.1)

Gastrointestinal symptoms
Visits 2.2 2.2 0.79 0.0 (−1.2, 1.2)
Patients 6.5 7.9 0.37 1.4 (−2.6, 5.4)
No. per patient, mean 0.09 0.08 0.96 0.01 (−0.1, 0.1)

Rheumatology visits
No. per patient, mean ± SD 4.0 ± 1.4 3.6 ± 1.2 0.02 −0.4 (−0.6, −0.2)

Biologic DMARDs used
Percent of visits 46.5 42.5 0.76 −3.9 (−7.9, 0.0)
Percent of patients 53.6 49.8 0.73 −3.7 (−11.5, 4.0)

Monitoring laboratory tests§
Patients 90.0 52.7 <0.001 −37 (−44, −31)
No. per patient, mean ± SD 10.6 ± 6.3 5.1 ± 6.3 <0.001 −5.5 (−6.5, −4.5)

Diagnostic imaging§
Visits 15.4 8.9 0.005 −6.5 (−9.7, −3.2)
Patients 38.6 12.4 <0.001 −26 (−33, −20)
No. per patient, mean ± SD 1.0 ± 2.0 0.3 ± 1.3 <0.001 −0.7 (−1.0, −0.4)

* Values are the percentage unless indicated otherwise. 95% CI = 95% confidence interval; DMARDs = disease- 
modifying antirheumatic drugs. 
† P values from generalized linear mixed models adjusted for site effect and within provider clustering. 
‡ Rashes, oral ulcers, alopecia, infections requiring antibiotics, liver toxicity as manifested by abnormal liver function 
tests and/or abnormal liver imaging, cytopenias as manifested by complete blood counts below the lower limits of 
normal, renal insufficiency defined as a 50% decrease in creatinine clearance, cancer, and gastrointestinal symptoms 
(e.g., nausea, vomiting, diarrhea, unexplained weight loss/gain, abdominal pain, or dyspepsia). 
§ Monitoring laboratory tests included complete blood count, liver function tests, serum creatinine, and acute phase 
reactants. Diagnostic imaging included dual x- ray absorptiometry, plain radiographs, computed tomography scans, 
and magnetic resonance imaging. We did not calculate the percent of visits with laboratory tests because many tests 
took place between visits. 
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Risk for Herpes Zoster in Tofacitinib-Treated Rheumatoid 
Arthritis Patients With and Without Concomitant 
Methotrexate and Glucocorticoids
Jeffrey R. Curtis,1  Fenglong Xie,1 Shuo Yang,1 Sasha Bernatsky,2 Lang Chen,1 Huifeng Yun,1 and 
Kevin Winthrop3

Objective. Increased incidence of herpes zoster (HZ) has been observed with JAK inhibitors such as tofacitinib. 
However, whether concomitant methotrexate (MTX) and/or glucocorticoids confer additional (additive or multiplica-
tive) risk is unclear. We evaluated HZ risk in tofacitinib users with and without MTX and glucocorticoids.

Methods. Within MarketScan and Medicare data (2011–2016), we identified all patients with rheumatologist- 
diagnosed rheumatoid arthritis initiating treatment with tofacitinib (index date); demographics and baseline covar-
iates were evaluated in the year prior to the index date. HZ was ascertained using International Classification of 
Diseases, Ninth Revision or Tenth Revision codes with antiviral drug use (±7 days). Multivariable Cox regression was 
used to evaluate hazard ratios (HRs) for HZ in tofacitinib users with and without current concomitant MTX and gluco-
corticoids, controlling for baseline covariates.

Results. We studied 8,030 new tofacitinib users (83.3% women). The mean ± SD age was 60.3 ± 12.6 years. HZ 
incidence in tofacitinib users was numerically lowest in the absence of glucocorticoids (3.4 per 100 patient- years with 
MTX; 3.7 per 100 patient- years without MTX). An approximately 2- fold increased incidence of HZ was observed for 
tofacitinib users receiving either glucocorticoids alone (6.0 per 100 patient- years) or both MTX plus glucocorticoids 
(6.5 per 100 patient- years). The adjusted HR for HZ in tofacitinib users was unchanged (HR 0.99 [95% confidence 
interval (95% CI) 0.64–1.54]) when given only with MTX, but was increased (HR 1.96 [95% CI 1.33–2.88]) for tofaci-
tinib plus glucocorticoids. Older age and female sex were also risk factors, while prior vaccination was associated 
with a strong trend for lower risk.

Conclusion. In tofacitinib users, HZ occurred at a rate of approximately 4% per year and was further doubled 
with glucocorticoid exposure. Concomitant MTX did not confer additional risk. Zoster vaccination may decrease risk.

INTRODUCTION

JAK inhibitors have proven effective for the treatment of 
rheumatoid arthritis (RA) (1). Two JAK inhibitor therapies (tofa
citinib, baricitinib) are currently approved for use in RA and other 
conditions (e.g., tofacitinib for ulcerative colitis). The infection risk 
associated with these therapies is comparable to other biologics 
and targeted therapies commonly used for RA, with the excep
tion of herpes zoster (HZ), for which risk is increased approx

imately 2 fold to 3 fold (2,3). Results from the large tofacitinib 
RA clinical trial program have suggested the possibility that HZ 
risk might not be increased if tofacitinib is taken without gluco
corticoids, and if used as monotherapy (i.e., without methotrex
ate [MTX] or other disease modifying antirheumatic drugs). For 
example, at a monotherapy dosage of 5 mg twice daily, the rate 
of HZ with tofacitinib was 0.6 per 100 person years, appreciably 
lower than the overall HZ rate of 4.0 per 100 across the tofa
citinib trial program (4). However, this finding was based on only 
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2 cases occurring in 361 person years, resulting in uncertainty 
regarding HZ risk for patients receiving tofacitinib monotherapy.

Unresolved questions in JAK inhibitor users include the 
practical challenges around the potentially mitigating effects of 
zoster vaccination (5,6) and uncertainty regarding the impor
tance of other HZ related risk factors (e.g. age, zoster vac
cination). In light of these evidence gaps, we evaluated HZ 
risk in tofacitinib users, according to whether patients received 
concomitant glucocorticoids, MTX, both, or neither, in a real 
world US RA population.

PATIENTS AND METHODS

Cohort eligibility and study design. RA patients were 
identified in both Medicare and MarketScan (2011–2016 for 
both) based on International Classification of Diseases, Ninth 
Revision or Tenth Revision diagnosis codes from rheumatol
ogists. RA patients initiating treatment with tofacitinib for the 
first time (based on no prior use in the data set) were identified, 
and the date of first use was defined as the index date. Con
tinuous insurance coverage in the 12 months prior to the index 
date was required for all individuals. Patients with diagnosis 
codes for HIV, malignancy, zoster, and prescriptions of antivi
ral drugs for zoster prior to initiation were excluded. Patients 
with diagnosis codes for inflammatory bowel disease, psoriatic 
arthritis, psoriasis, and ankylosing spondylitis in the baseline 
year were also excluded.

Exposures of interest. MTX and glucocorticoid treat
ment concomitant to tofacitinib use (before and after initiation) 
were evaluated in a time varying manner and updated for each 
person day of observation. All patients were required to continue 
taking tofacitinib to continue under observation, and the 4 expo

sure groups of interest were concomitant MTX without oral glu
cocorticoids, MTX with oral glucocorticoids, oral glucocorticoids 
without MTX, and neither glucocorticoids nor MTX. A 30 day 
extension to exposure was added to all 3 exposures (tofacitinib, 
glucocorticoid, and MTX), and follow up time was censored if 
patients discontinued tofacitinib (see below).

Outcome. The study outcome was HZ diagnosis by a phy
sician with initiation of antiviral drug treatment (acyclovir, vala
cyclovir, famciclovir) within 7 days. The positive predictive value 
of this approach for HZ case finding was approximately 98%, 
based on large validation studies that compared this strategy to 
medical record review and clinical adjudication (7).

Covariates. Based on clinical interest and prior HZ literature, 
we identified covariates potentially associated with zoster, includ
ing demographic factors (age, sex, race/ethnicity [available only 
in Medicare data]), zoster vaccination (with the live virus vaccine, 
the only form used in the calendar years in which the analysis 
was conducted), comorbidities (Table  1), comorbidity indices, 
and measures of health care utilization, including physician visits 
and hospitalization. These potentially confounding factors were 
assessed in the 12 month baseline period prior to the index date. 
During the ascertainment period, selected covariates (e.g., zos
ter vaccination) were assessed in the 12 month baseline period 
plus all available prior data, if more than 12 months of data were 
available.

Statistical analysis. Descriptive statistics were used to 
characterize baseline covariates according to exposure groups. 
Cox proportional hazards models were used to estimate adjusted 
hazard ratios (HRs), controlling for age, sex, live zoster vaccination, 
and other potential confounders. Clinically important factors that 
were statistically significant (P values less than 0.05) after multivari
able adjustment were retained in the model. Separate results were 
initially stratified by data source (Medicare versus MarketScan) 
and conditional on similarity, combined together in a single analy
sis. The University Institutional Review Board approved the study, 
and use of the data was governed by data use agreements from 
the Center for Medicare and Medicaid Services and IBM Watson 
Health. All analyses were conducted in SAS software, version 9.4.

RESULTS

After satisfying inclusion and exclusion criteria (Figure  1), 
8,030 unique patients with RA contributed 5,811 person years 
to the analysis. There were a total of 5,369 patients enrolled in 
Medicare available for analysis, and 2,661 in MarketScan. Char
acteristics of patients according to concomitant MTX and gluco
corticoid exposure are shown in Table 1. Although demographics 
varied slightly by exposure, there were few clinically meaningful 
differences. The mean age was approximately 60 years, and 

SIGNIFICANCE & INNOVATIONS
• Although tofacitinib has been demonstrated to in-

crease risk for herpes zoster (HZ) in rheumatoid ar-
thritis (RA), the incremental effect of concomitant 
methotrexate and glucocorticoid use is controversial.

• Using real-world data from large US health plans, 
we found that the rate of HZ in new tofacitinib us-
ers in the absence of glucocorticoid treatment was 
3–4 per 100 person-years. This rate is roughly dou-
ble the rate of HZ in patients with RA exposed to 
anti–tumor necrosis factor agents.

• Concomitant glucocorticoid but not methotrexate 
use further doubled the risk of HZ in tofacitinib users.

• Younger age, male sex, and vaccination with the 
live virus zoster vaccine were associated with a low-
er risk for HZ, which may suggest a role for newer 
vaccination strategies in patients with RA who are 
at risk.
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80% of participants were women. Comorbidities were mostly 
wellbalanced across exposure groups, although chronic pul
monary disease was more prevalent in glucocorticoid exposed 

individuals. Baseline leflunomide treatment was less common 
in MTX exposed individuals, and bisphosphonates were more 
commonly prescribed for glucocorticoid exposed individuals. 

Table 1. Baseline characteristics of tofacitinib patients according to background methotrexate and glucocorticoid use*

Characteristic No MTX, no GC With MTX, no GC No MTX, with GC With MTX, with GC

No. of person- years: MarketScan/Medicare 691/1,295 283/508 404/952 191/426
Age, mean ± SD years 60.5 ± 12.3 60.3 ± 12.2 60.6 ± 12.2 60.4 ± 12.3
Female 84.4 81.3 81.2 80.1
Race

White 43.3 41.2 47.5 46.2
African American 5.9 7.4 7.7 8.3
Other/unknown† 50.8 51.4 44.8 45.5

Comorbidities
Chronic pulmonary disease 22.1 15.7 26.2 19.0
Myocardial infarction 3.1 1.0 5.6 2.7
Coronary heart disease 12.4 9.6 14.5 11.5
Peripheral vascular disorder 5.1 5.3 6.1 5.4
Cerebrovascular disease 4.9 4.9 4.4 5.5
Peptic ulcer disease 1.1 0.8 1.1 0.9
Mild liver disease 0.6 0.3 0.8 0.1
DM without complication 18.8 17.8 18.4 17.0
DM with complication 6.1 4.5 4.4 3.2
Renal disease 6.9 3.5 7.2 5.3
Charlson comorbidity index, mean ± SD‡ 0.92 ± 1.32 0.69 ± 1.14 0.99 ± 1.35 0.79 ± 1.16

Baseline medication
Prednisone- equivalent daily dose, median (IQR) NA NA 6.7 (5.0–10.0) 5.0 (5.0–10.0)
Hydroxychloroquine 22.7 22.7 24.1 22.9
Sulfasalazine 9.3 10.5 10.5 9.8
Leflunomide 26.6 8.3 29.6 9.4
NSAIDs 53.1 53.9 49.5 53.4
Narcotics 68.3 63.3 78.4 74.2
Bisphosphonates 9.3 9.8 14.9 16.6
Proton- pump inhibitor 41.3 38.2 46.3 47.7
Statin 37.8 38.2 35.3 36.3
Other lipid lowering drugs 6.8 5.4 6.3 5.9

Visit
Emergency room 33.9 26.1 42.1 35.6
Nursing home 3.6 3.1 5.0 5.2
Any hospitalization 19.2 16.5 25.1 21.7
No. of ambulatory visits

<5 13.7 17.0 11.1 12.8
6–10 31.2 31.1 28.6 31.2
>10 55.1 51.9 60.3 56.0

Herpes zoster vaccination§ 9.0 9.8 7.5 9.1

* Values are the percentage unless indicated otherwise. Data are shown according to the person- time distribution of the 4 time- varying 
exposure groups described in the column headers, assessed after the start of follow- up. MTX = methotrexate; GC = glucocorticoids;  
DM = diabetes mellitus; IQR = interquartile range; NA = not applicable; NSAIDs = nonsteroidal antiinflammatory drugs. 
† Race data are not available within MarketScan data, and so all patients represented in this data source were included in this row. 
‡ Ignoring rheumatoid arthritis in the Charlson score. 
§ With live virus vaccine, using 12- month baseline and all preceding data. 
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In all 4 exposure groups, prior vaccination with the live zoster 
 vaccine was low (<10%).

A total of 222 cases of HZ were observed (n = 156 Medi
care, n = 66 MarketScan). Results stratified by data set were 
similar (data not shown) and were pooled to produce the inci
dence rates and HRs shown in Figure  2. In tofacitinib users 
exposed to concomitant glucocorticoids but not to MTX, the 
crude incidence rate was 6.0 (95% confidence interval [95% CI] 
4.9–7.5) per 100 patient years, which was similar to the rate 
with concomitant exposure to both glucocorticoids and MTX 
(6.5 per 100 patient years). The corresponding crude rate asso
ciated with tofacitinib alone was 3.4 (95% CI 2.9–4.6) per 100 
patient years, which was similar to the rate in tofacitinib users 
who were exposed to MTX but not glucocorticoids (3.7 per 100 
patient years).

After multivariable adjustment, using tofacitinib monotherapy 
as the reference, exposure to glucocorticoids approximately dou
bled the HR, but there was no clear increased risk associated with 
MTX. Older age was a risk factor (adjusted HR 1.11 [95% CI 1.06–
1.18]). Both female sex (adjusted HR 1.43 [95% CI 0.97–2.12]) 

and the live zoster vaccine (adjusted HR 0.60 [ 95% CI 0.34–1.05]) 
trended toward significance. No other zoster related factors were 
significant, after adjusting for these 3 covariates, and these were 
the only factors (among all listed in Table 1) that were included in 
the final multivariable model.

DISCUSSION

In this large cohort of patients with RA, we found that the 
absolute rates of HZ associated with tofacitinib in the absence of 
glucocorticoid or MTX exposure were 3.4–3.7 per 100 person 
years. Prior literature has shown that incidence rates of HZ asso
ciated with biologic therapy generally range from 1.7–2.7 per 100 
patient years (3,8), in RA cohorts where one third to two thirds of 
patients receive concomitant glucocorticoids. The HZ rate with 
tofacitinib is approximately double (adjusted HR 2.01 [95% CI 
1.40–2.88], from a previously published direct comparison [3]) that 
of patients with RA receiving tumor necrosis factor (TNF) inhibitors 
or non–TNF inhibitor biologics. In the present analysis, where all 

Figure 1. Cohort selection of rheumatoid arthritis (RA) patients initiating tofacitinib, after applying inclusion and exclusion criteria. Data reported 
as number of patients in Medicare/MarketScan.

Excluded due to <365 observable days
in baseline period

Excluded due to age <18 years

Excluded due to not meeting RA definition

Excluded due to other autoimmune 
disease in baseline

Excluded due to diagnosis or 
treatment for zoster in baseline

Excluded due to prior diagnosis for
malignancy or HIV

Initiations of 
tofacitinib

Medicare / Market 
Scan

N=15,405 / 9,248

6,714 / 2,432

8,691 / 6,816

8,691 / 6,792

6,931 / 3,191

7,604 / 3,410

6,304 / 2,903

0 / 24

1,087 / 3,382

673 / 219

627 / 288

935 / 242

Final cohort
5,369 / 2,661
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patients with RA were receiving tofacitinib, concomitant glucocor
ticoid use further doubled HZ risk (incidence rates 6.0–6.5 per 100 
patient years; adjusted HR 1.96 [95% CI 1.33–2.88]), and there 
was no incremental risk associated with concomitant MTX use.

Our results add to the growing body of literature sur
rounding the risk for HZ associated with JAK inhibition and 
other risk factors in patients with RA. Although data from the 
tofacitinib clinical trial program suggested that tofacitinib might 
not elevate zoster risk in the absence of concomitant gluco
corticoid and/or MTX exposure, the absolute rates of HZ in 
our real world data set mirror the rate of 4.0 events per 100 
patient years from the tofacitinib trial program and its long 
term extension (2,4). The effect of glucocorticoid exposure in 
the tofacitinib treated patients in this study (a 1.96 fold rel
ative increase) was quite similar to the corresponding effect 
in patients with RA receiving conventional synthetic disease 
modifying antirheumatic drugs or biologic therapies (relative 
risk 1.4–2.4) (3,8). The effect of advancing age was a signifi
cant risk factor, as was sex. Indeed, prior HZ literature in RA 
has shown age to be a much stronger zoster risk factor than 
we observed (9), consistent with the interpretation that JAK 
inhibitor use may somewhat dominate other zoster risk fac
tors. Female sex has been associated with higher HZ rates 
(possibly related to differences in susceptibility to viruses or in 
vaccination responses), and more pain complications, possi
bly driven by an estrogen sensitive pain mechanism.

We saw a strong trend for decreased risk related to vacci
nation with the live agent (Zostavax [Merck]); the concern with 
this form of vaccination is that any live vaccination is potentially 
dangerous in patients receiving potent immunosuppression. 

An ongoing randomized controlled trial of the live virus vaccine 
in patients with RA and other autoimmune and inflammatory 
conditions (e.g., psoriasis, psoriatic arthritis) receiving anti TNF 
therapy is being undertaken (https ://clini caltr ials.gov/ct2/show/
NCT02 538341), with no safety signals identified in >500 patients 
randomized to date. However, this trial is not enrolling patients 
receiving JAK inhibitor therapy. A new adjuvant based HZ vaccine 
(Shingrix [GlaxoSmithKline]) has recently become available and 
could be given even to JAK inhibitor users, although it has not 
been tested in RA or in patients with other autoimmune conditions 
receiving immunosuppressive or immunomodulatory therapies. 
The risks for disease flare, and potentially problematic tolerability 
related to a relatively high incidence of grade 3 (severe) systemic 
reactogenicity, may limit enthusiasm until specific data in an RA 
population are available. Efforts to maximize zoster vaccination 
uptake are critical once these 2 open questions with this new vac
cine have been resolved.

Strengths of our study include a large sample of 8,030 
patients with RA and the characterization of exposure at a person 
day level, which accounts for short term variation in adherence 
and medication use. Limitations of our study include use of 
administrative health plan data without medical record confirma
tion of HZ cases. Our approach for HZ case ascertainment has 
been shown to have extremely high validity, with a PPV of 98% (7). 
We required concomitant antiviral treatment to satisfy our zoster 
case definition, consistent with the approach used in the validation 
study for our zoster reactivation case definition. This requirement 
may have somewhat decreased the absolute HZ incidence rate 
in our cohort. However, we preferred erring on the side of spec
ificity rather than sensitivity for our case definition. We excluded 

Figure 2. Association of glucocorticoid (GC) and methotrexate (MTX) use with herpes zoster among patients with rheumatoid arthritis treated 
with tofacitinib. Incidence rates expressed per 100 patient years. † 95% confidence interval in parentheses.

https://clinicaltrials.gov/ct2/show/NCT02538341
https://clinicaltrials.gov/ct2/show/NCT02538341
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patients with risk factors that would put them at unique risk for HZ 
reactivation (e.g., malignancy, HIV), and we had a relatively short 
follow up time available (given that tofacitinib was approved in the 
US in late 2012).

As another potential limitation, we did not have clinical infor
mation on RA severity and related variables; however, prior evalu
ations of HZ in RA registry data have identified few strong HZ risk 
factors except for age, sex, comorbidities, and  treatment with RA 
medication (all of which were available in the data source used in 
this study). Clinical factors not available in this data source, such 
as functional status, duration of RA, and RA disease activity, 
have not been shown to confound the association between RA 
treatments and HZ reactivation (10). Additionally, we classified 
glucocorticoid and MTX exposure as time varying and updated 
it for each person day of observation. We did not quantify MTX 
and glucocorticoid dose; previous work has examined the dose 
of both medications in tofacitinib treated patients, and the dose 
of neither medication had a clear association with HZ incidence. 
We recognize that this finding was possibly a statistical power 
issue, or a misclassification of glucocorticoid dose that in the 
tofacitinib trial program was well characterized at baseline but 
may not have been systematically updated, if patients changed 
dose in the long term extension (4). Except for our main medi
cation exposures that were time varying, we controlled only for 
baseline factors, recognizing that time varying factors (e.g., dis
ease activity) might be influential. However, adjusting for factors 
that change after the start of follow up can result in the important 
problem of over adjustment and inappropriately controlling for 
causal intermediates (11), and is generally avoided. We note that 
zoster vaccination was assessed in the baseline period, which 
had a minimum of 12 months, but used more antecedent data if 
they were available. However, left censoring may have misclassi
fied the use of the zoster vaccination prior to this period of time, 
although based on very limited uptake in rheumatic disease pop
ulations through 2011 (12), this under ascertainment was likely 
small and would not be expected to vary by exposure group.

In conclusion, in the absence of glucocorticoids or MTX, 
we observed an incidence rate for HZ in tofacitinib users of 
almost 4% per year; the use of glucocorticoids approximately 
doubled that risk. Female sex and older age were other non
modifiable risk factors. Given the strong trend for a protective 
role for vaccination, this strategy should be considered in all 
at risk patients without contraindications. However, enthusi
asm for use of this vaccine may be somewhat tempered until 
data are available to support the safety and tolerability of the 
new zoster vaccine in patients who have autoimmune con
ditions like RA and who may be at risk for flare related to the 
potent adjuvant.
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Outpatient Engagement and Predicted Risk of Suicide 
Attempts in Fibromyalgia
Lindsey C. McKernan,  Matthew C. Lenert , Leslie J. Crofford , and Colin G. Walsh

Objective. Patients with fibromyalgia (FM) are 10 times more likely to die by suicide than the general population. 
The purpose of this study was to externally validate published models predicting suicidal ideation and suicide at-
tempts in patients with FM and to identify interpretable risk and protective factors for suicidality unique to FM.

Methods. This was a case–control study of large- scale electronic health record data collected from 1998 to 2017, 
identifying FM cases with validated Phenotype KnowledgeBase criteria. Model performance was measured through 
discrimination, including the receiver operating area under the curve (AUC), sensitivity, and specificity, and through 
calibration, including calibration plots. Risk factors were selected by L1 penalized regression with bootstrapping for 
both outcomes. Secondary utilization analyses converted time- based billing codes to equivalent minutes to estimate 
face- to- face provider contact.

Results. We identified 8,879 patients with FM, with 34 known suicide attempts and 96 documented cases of sui-
cidal ideation. External validity was good for both suicidal ideation (AUC 0.80) and attempts (AUC 0.82) with excellent 
calibration. Risk factors specific to suicidal ideation included polysomatic symptoms such as fatigue (odds ratio [OR] 
1.29 [95% confidence interval (95% CI) 1.25–1.32]), dizziness (OR 1.25 [95% CI 1.22–1.28]), and weakness (OR 1.17 
[95% CI 1.15–1.19]). Risk factors specific to suicide attempt included obesity (OR 1.18 [95% CI 1.10–1.27]) and drug 
dependence (OR 1.15 [95% CI 1.12–1.18]). Per utilization analyses, those patients with FM and no suicidal ideation 
spent 3.5 times more time in follow- up annually, and those without documented suicide attempts spent more than 40 
times more time face- to- face with providers annually.

Conclusion. This is the first study to successfully apply machine learning to reliably detect suicidality in patients 
with FM, identifying novel risk factors for suicidality and highlighting outpatient engagement as a protective factor 
against suicide.

INTRODUCTION

Every day, 120 people die from suicide in the US (1,2). At a 
minimum, the presence of chronic pain doubles the suicide risk 
(3), and evidence suggests that specific pain disorders, such as 
fibromyalgia (FM) further elevate suicide risk (4,5). FM is charac-
terized by the presence of widespread pain with cognitive dys-
function, fatigue, and sleep difficulty (6). Collectively, patients with 
FM are up to 10.5 times more at risk of death from suicide than 
the general population (7), and 3.3 times more at risk than other 
chronic pain patients (8). Similarly, patients with FM have high 

rates of suicidal ideation, thoughts, and behaviors (SITBs), includ-
ing suicidal ideation (33–48%), ideation with active intent (6–8%) 
(9,10), and nonfatal suicide attempts by poisoning (17%) (9). The 
risk factors for SITBs in patients with FM are difficult to study pro-
spectively because of underreporting worldwide (11), stigma (12), 
or lack of health care access (12). Moreover, SITBs in patients 
with FM may be misclassified as accidental deaths (8) (e.g., car 
accidents) if they are reported at all (11).

A recent comprehensive review indicated that the presence of 
chronic pain alone, regardless of demographics, pain severity, or 
mental health, doubles suicide risk. Further, this review suggested 
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that general demographic risk factors for suicide (e.g., sex, age, 
marital status, education level) may not translate to chronic pain 
populations, and that other modifiable factors specific to pain may 
increase the suicide risk (3). Very little, and conflicting, information 
exists detailing risk factors for suicidality in FM patients, in part 
because of reliance on small, prospective cohorts as the mainstay 
of study in this domain. In FM populations specifically, risk factors 
identified thus far include pain severity (5,8,13,14), widespread 
pain (15), disease severity (7), younger age (8), depression/anx-
iety (9,10,16), sleep dysfunction (4,9), and mood disorder (17). A 
point of debate is the relative contribution of pain severity versus 
psychiatric comorbidity to suicidality in patients with FM. Initial 
differing findings may suggest that the presence of psychiatric 
comorbidity does not fully explain the increased risk of suicide in 
patients with FM and may only apply to some patients, and that 
both pain- specific and general risk factors for elevated suicide risk 
need to be considered when examining suicide risk in patients 
with FM (18). Limitations of existing research include generalizabil-
ity, small sample sizes, self- reported symptoms and diagnoses, 
low response rates, or inability to assess individuals over time. 
Similar to other conditions, risk factors for suicidal ideation and 
suicidal attempts may differ (19). The preponderance of studies 
occur in tertiary specialty clinic settings and may not reflect set-
tings in which large quantities of health care are delivered, such as 
primary care. Last, population characteristics that are common in 
patients with FM and known to elevate suicide risk, such as post- 
traumatic stress (20) and the presence of multiple pain conditions 
(17), have yet to be investigated.

One path to study SITBs remains large- scale retrospec-
tive analyses of clinical electronic health record (EHR) data, 
including predictive modeling. For example, we have validated 
predictive models of suicide attempt risk in a broad, hetero-
geneous population of adults (21) and adolescents (22) at a 
large academic medical center. Generalized models like these 
may be personalized to high- risk populations (e.g., FM) to pre-
dict risk before harm occurs and to identify risk and protec-
tive factors specific to these groups. Research to date has yet 

to assess risk factors for SITBs concurrently or longitudinally 
in routinely collected EHR data in patients with FM. Whether 
these general algorithms will accurately identify risk in FM, or 
whether the resultant risk patterns differ in patients with FM 
compared to other groups, is unknown. Such risk patterns, 
once quantified, may suggest targets of clinical intervention.

Studies of clinical EHR data are well suited to address these 
knowledge gaps. Moreover, they also present opportunities to 
develop clinical tools to identify and prevent SITBs using these 
same data. To bridge accurate risk identification with inter-
pretable, actionable intervention, identifying who is at risk and 
considering why risk profiles look as they do is paramount. We 
hypothesize that in translating existing models of suicide risk to 
an FM population, novel predictors specific to this cohort will 
need to be considered. Existing evidence shows that general 
risk factors for suicide do not always translate to chronic pain 
populations (3), and that pain subpopulations may have different 
risk factors for suicidality and need to be studied separately to 
enhance prevention efforts (18).

Coupling literature and domain knowledge of SITBs in 
patients with FM with validated machine learning algorithms of 
suicide attempt risk (21), the purpose of this investigation was 
to assess the external validity of published models in predicting 
suicidal ideation and attempts in FM and to use novel analyses 
to identify interpretable risk profiles unique to FM. These latter 
findings will inform prevention strategies directly.

MATERIALS AND METHODS

Clinical predictive modeling/clinical phenotyping 
data collection (adapted from Walsh et  al 2017 [21]). 
Clinical data were collected from the EHR at Vanderbilt Univer-
sity Medical Center (VUMC) using the de- identified clinical data 
repository known as the Synthetic Derivative (23). This repository 
includes clinical data such as diagnoses, demographics, clinical 
text, laboratory values, and other information collected during 20 
years at VUMC on >2.8 million individuals, with rich data avail-
able on >1 million patient lives.

Model development of the general suicide attempt risk 
algorithm has been previously described (21). Briefly, candidate 
charts were identified using self- injury International Classification 
of Diseases, Ninth Revision codes (E95x.xx) for adults in the Syn-
thetic Derivative and labeled by multiple experts to establish a 
reliable gold standard. These 3,250 cases of suicide attempt were 
compared to a control cohort of 12,695 adults drawn from the 
general population of VUMC. These charts were identified from 
a minimum of 3 visits in the medical center and patients age >18 
years. This cohort defined the published algorithm reported pre-
viously with an internal validation C statistic as high as 0.92 to 
predict a suicide attempt in 7 days. The original algorithm was 
designed to predict a suicide attempt. In this investigation, we 
sought to extend its reach to predict both  suicidal ideation without 

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

to successfully apply machine learning to suicidali-
ty in fibromyalgia, identifying novel risk factors for 
both suicidal ideation and suicide attempts.

• Risk factors for suicidal ideation included polyso-
matic symptoms such as fatigue, dizziness, and 
weakness.

• Risk factors for suicide attempt include drug de-
pendence and obesity.

• Fibromyalgia patients without documented suici-
dality spent up to 40× more time with providers 
annually, highlighting the importance of outpatient 
engagement as a protective factor against suicide.
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an attempt as well as a suicide attempt in an FM cohort with no 
additional model training or updating.

External validation data collection for this study. 
We defined the FM cohort through a validated phenotype publicly 
available in Phenotype KnowledgeBase (PheKB) (24). The pheno-
type uses a combination of diagnostic codes and text phrases to 
identify cases of true FM. We applied this phenotype to the VUMC 
population and selected only those meeting PheKB criteria for FM 
and with ≥3 visits to VUMC during a period of ≥6 months.

To ensure true external validity testing on the FM cohort, 
we returned to the initial modeling experiment and removed any 
patients in the FM cohort from the general model algorithm train-
ing set. The general algorithm was then refitted and internally val-
idated after assurance that there were no patients in common in 
the general cohort.

FM- specific feature selection. We combined domain 
knowledge and existing research to inform feature selection in 
an FM- specific model of SITBs. First, we conducted a review of 
existing literature to extrapolate known risk factors (features), and 
with informatics coauthors (MCL and CGW), incorporated those 
features not in the existing model as new risk factors. Second, we 
used clinical expertise from authors who had direct experience 
working with FM and SITBs (LCM and LJC) to include additional 
features derived from patient- provider interactions not accounted 
for in previous research or the existing algorithm. Briefly, we 
added model features using regular expressions from notes and 
diagnostic codes relevant to FM. These features included post-
traumatic stress, trauma exposure, violence exposure, abuse 
exposure (sexual and nonsexual), sleep dysfunction, marijuana 
use, abdominal pain, and polysomatic symptoms. Supplementary 
Appendix 1, available on the Arthritis Care & Research web site 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23748/ abstract, 
shows a table of novel features added to the model, their basis, 
and specific codes used to derive them.

Data preprocessing and missing data handling. 
Clinical data were preprocessed as previously reported and as 
described in Supplementary Appendix 1, available at http://onlin 
elibr ary.wiley.com/doi/10.1002/acr.23748/ abstract, to support 
external validity testing and replication here. Missing data were 
rare because the variables measured as counts (diagnoses, 
medications, and visits) were imputed to zeroes if not present. 
Zip codes were missing in 7.5% of charts and race was miss-
ing in 0.05% of charts. Multiple imputation was used to impute 
missing values in those instances (25).

External validity testing of the general algorithm 
on the FM cohort. Data on the FM cohort were prepro-
cessed identically to the internal validation sample and included 
2 outcomes and multiple time points of prediction: suicidal 

ideation and attempts at 30 days from the last clinical encoun-
ter. The general suicide attempt algorithm was then applied to 
these data to obtain a posterior probability of suicide attempt 
risk. This predicted probability was used to validate both sui-
cidal ideation and suicide attempt outcomes in this cohort. 
External validity testing not only included testing an algorithm 
on a new set of input data but also testing its generalizabil-
ity to predict different outcomes. For example, the Charlson 
Comorbidity Index, a common risk score originally validated 
to assess mortality risk, has been used in a panoply of new 
predictive tasks, such as hospital readmission risk. We would 
not clinically equate suicidal ideation and behaviors such as 
suicide attempts, but we hypothesized that some shared risk 
factors between ideation and attempts suggest that an algo-
rithm designed to predict suicide attempts specifically could 
also be generalized to predict suicidal ideation.

Recalibration in external validation. The general 
model development cohort was enriched to a ratio of 4 controls 
for every case, in order to optimize model performance. Because 
outcome prevalence in FM (approximately 1%) was different than 
that in the enriched, internal development set (approximately 
25%), recalibration of external predictions was performed using 
logistic calibration as we have used in other predictive domains 
(26). This method passes the predictions through a logit function 
trained on the prevalence in the new setting, in this case the FM 
cohorts. The resultant predictions are subsequently calibrated 
properly to indicate that a 40% risk of an outcome correlates 
with 4 of 10 similar individuals in the new setting actually having 
that outcome. This latter example is the definition of good cali-
bration, whether or not predictions reflect real outcome rates.

Development and validation of the novel  explanatory 
FM suicide risk algorithm. We used the bootstrapped L- 1 
penalized regression (BoLASSO algorithm [27]) with 2 levels of 
bootstrapping to gain insight into which factors may have the most 
influence on suicide risk for FM patients. Briefly, L- 1 penalized 
regression (LASSO algorithm) is well accepted for its ability to select 
a small number of important predictors across complex data. The 
BoLASSO enhances this technique with resampling to yield a set 
of influential predictors and an ability to obtain interpretable test 
statistics for those same predictors. We conservatively tuned the 
BoLASSO to select only those features that were chosen in 80% of 
bootstraps. Full details can be reviewed in Supplementary Appen-
dix 1, available on the Arthritis Care & Research web site at http://
onlin elibr ary.wiley.com/doi/10.1002/acr.23748/ abstract.

Performance evaluation and utilization analyses. 
Performance was measured through discrimination, including the 
receiver operating area under the curve (AUC), sensitivity/recall, 
specificity, and precision and also through calibration metrics, 
including calibration plots, calibration slope/intercept, and scoring 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23748/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23748/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23748/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23748/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23748/abstract
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rules. With preliminary results identifying differential health care uti-
lization as a protective factor of SITBs, we conducted a secondary 
analysis of health care encounters in study cohorts. We counted 
evaluation and management Current Procedural Terminology 
(CPT) codes, 99211–99215, health and behavior codes, 96150–
96154, and outpatient psychiatry CPT codes, 90791–90792, 
90832–90840, 90846–90849, and 90853, for each study cohort. 
We linked evaluation and management codes to equivalent min-
utes in time- based billing to estimate time spent in follow- up.

RESULTS

Using the validated PheKB definition of FM (24), we iden-
tified 14,430 patients from January 1998 to November 2017 
with the phenotype. After censoring only those patients with 

≥3 visits during a 6- month period, there were 8,879 patients 
with 34 known attempts, 0.4% outcome prevalence, and 96 
documented cases of suicidal ideation, 1.1% outcome preva-
lence. The baseline characteristics of these cohorts are shown 

in Table 1.

External validation of the published model. The 
general suicide attempt prediction model predicted both sui-
cidal ideation and suicide attempts in a novel FM cohort, with 
good discrimination. The AUCs were 0.82 for suicide attempts 
and 0.8 for suicidal ideation (Figure 1). Sensitivity and specific-
ity varied, based on the threshold of case positivity, and ranged 
from 0.01 to 1 for specificity for both outcomes, from 0 to 1 for 
 sensitivity for attempts, and from 0 to 0.99 for ideation. Precision 
and recall/sensitivity were also assessed, and precision was low 

Table 1. Baseline patient characteristics*

Characteristic

Suicide attempts Suicidal ideation

Cases 
(n = 34)

Controls 
(n = 8,845)

Cases 
(n = 96)

Controls 
(n = 8,788)

Sex
Male 3 (9) 805 (9) 15 (16) 796 (9)
Female 31 (91) 8,040 (90) 81 (84) 7,992 (91)

Race
White 30 (88) 7,768 (88) 86 (90) 7,719 (88)
African American 4 (12) 796 (9) 10 (10) 788 (9)
Asian 0 (0) 141 (1) 0 (0) 42 (0.5)
Alaskan/Native American 0 (0) 0 (0) 0 (0) 20 (0.2)
Declined to respond 0 (0) 0 (0) 0 (0) 140 (1)
Unknown/not recorded 0 (0) 140 (1) 0 (0) 79 (0.8)

Age, median ± SD years 45 ± 9.0 57 ± 14.2 50 ± 13.7 57 ± 14.1
Utilization mix in preceding year

Outpatient visits, mean (%) 7.1 (73) 14.6 (66) 23.3 (60) 14.5 (65)
Inpatient visits, mean (%) 5.8 (62) 1.3 (84) 10.7 (72) 1.2 (84)

Comorbidity mix
ADD with hyperactivity 0 (0) 149 (1.7) 10 (10) 466 (5)
Post- traumatic stress disorder 6 (18) 525 (6) 31 (32) 498 (6)
Oppositional defiant disorder 0 (0) 3 (0.03) 0 (0) 2 (0.02)
Generalized anxiety disorder 3 (9) 679 (8) 13 (14) 633 (7)
Asthma 8 (24) 1,693 (19) 25 (26) 1,676 (19)
Episodic mood disorder 3 (9) 446 (5) 96 (100) 431 (5)
Bipolar 6 (18) 522 (6) 35 (36) 496 (6)
Schizophrenia 1 (3) 91 (1) 8 (8) 82 (1)
Congestive heart failure 1 (3) 643 (7) 12 (13) 639 (7)
Diabetes mellitus 0 (0) 84 (1) 2 (2) 80 (1)
COPD 1 (3) 467 (5) 11 (11) 464 (5)
Malignancy 0 (0) 89 (1) 0 (0) 89 (1)
Liver disease 0 (0) 29 (0.3) 0 (0) 29 (0.3)

* Values are the number (%) unless indicated otherwise. ADD = attention deficit disorder; COPD = chronic obstructive pul-
monary disease. 
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for both outcomes, given the extreme case imbalance in this 
context. Maximum precision was 0.08 for attempts and 0.14 for 
suicidal ideation (Figure 2 shows precision- recall curves).

Calibration is an important metric to illustrate whether pre-
dicted probabilities reflect true prevalence in a population. The 
externally valid predictions demonstrated excellent calibration 
performance after recalibration to the outcome prevalence in 
the novel FM cohort. Risk concentration is the proportion of 
cases of ideation or attempts by binned quantile of risk. The 
proportions of cases of suicidal ideation by predicted bin of 
risk are shown in Figure  3 and indicate that the majority of 

cases of ideation fall into the highest predicted bins of risk, as 
anticipated.

Risk factors of suicidal ideation and suicide 
attempt in FM. The BoLASSO algorithm selected both risk 
and protective factors for both outcomes. Risk factors are 
summarized by category in Table 2. The risk categories for sui-
cidal ideation included polysomatic symptoms (fatigue odds 
ratio [OR] 1.29 [95% confidence interval (95% CI) 1.25–1.32], 
dizziness OR 1.25 [95% CI 1.22–1.28], and weakness OR 
1.17 [95% CI 1.15–1.19]), and serious and persistent mental 

Figure 1. External validity discrimination performance: receiver operating characteristic curves.

Suicide Attempt

Suicidal Ideation

Figure 2. Precision- recall curves.
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illness (e.g., bipolar disorder not otherwise specified OR 1.18 
[95% CI 1.17–1.20] and inpatient utilization OR 1.5 [95% CI 
1.46–1.53]). Concomitant categories for suicide attempt were 
drug dependence (e.g., cocaine dependence) OR 1.18 (95% 
CI 1.1–1.27), obesity (body mass index 50–59) OR 1.15 (95% 
CI 1.12–1.18), mental illness (e.g., recurrent depression with 
psychosis) OR 1.12 (95% CI 1.07–1.18), and inpatient utiliza-

tion OR 1.32 (95% CI 1.27–1.36).
We note that commonly held risk factors such as post- 

traumatic stress disorder, histories of sexual abuse and trauma, 
and medications like benzodiazepines were all included as 
potential predictors of SITBs. However, because of the conser-
vatism of our approach to only report those predictors selected 
>80% of the time, they were not finally selected in the models 
summarized here.

Utilization analysis. We tallied minutes spent in outpa-
tient follow- up in the cohorts in our study and determined that 
for suicidal ideation, those patients with FM who did not have 
suicidal ideation spent 3.5× more time in follow- up per year than 
those with documented suicidal ideation. This ratio was even 
more pronounced for suicide attempters. Individuals with FM 
who did not have documented suicide attempts spent more 
than 40× more time with outpatient providers than those with 
documented attempts. We then assessed psychiatry and men-
tal health behavior and intervention codes (CPT codes 90791, 
90846, and 96150–96154) and determined that, while these 
were small proportions of the overall study cohort (0.1–2%), 
none of the patients with these encounters had a documented 
suicide attempt. Notably, the majority of mental health behav-
ior and intervention codes were billed for those patients with 
ideation but none with subsequent attempts. These data may 
suggest a straightforward albeit nontrivial prevention strategy, 
enabled by predictive models that suggest patients for whom 
outpatient engagement should be established.

DISCUSSION

This study is the first to our knowledge to apply machine 
learning to suicidality in FM in the context of clinical domain 
expertise to obtain interpretable patterns of risk. We demon-
strated that generalizable predictive models of SITB risk per-
form well in predicting SITBs (attempts: AUC approximately 
0.82, maximum precision 0.08; ideation: AUC 0.80, maximum 
precision 0.14). Notably, the initial algorithm validated exter-
nally across a novel cohort and for 2 different outcomes with 
no further model refitting. In other words, a model predicting 
suicide attempts alone performed well to predict both suicidal 
ideation and suicide attempts.

Adding disease- specific risk factors in a rigorous statistical 
experimental design, the BoLASSO, highlighted different risk pat-
terns for suicidal ideation versus suicide attempts in FM. Both ide-
ation and attempt risk were conferred by younger age, serious 
and persistent mental illness, comorbid medical illness, and fre-
quent inpatient admission. Polysomatic symptoms (e.g., fatigue, 
dizziness, and weakness) typified risk of suicidal ideation, while 
drug dependence and comorbid obesity increased the risk of sui-
cide attempt. Of note, we did not have the capability to capture 
pain severity or duration in this context, though doing so remains 
a consideration for future work.

This analysis suggests that unique profiles of suicide risk 
exist in FM. In our sample, profiles of suicide risk in FM com-
bine those risks indicated in previous investigations in the general 
population (i.e., obesity, younger age, frequent inpatient admis-
sion, severe and persistent mental illness), in chronic pain (illicit 
drug use, comorbid health conditions), and in FM (mood disor-
der) with novel risk factors identified in this study (polysomatic 
symptoms, including fatigue, dizziness, and weakness). Further-
more, our investigation shows that patterns of suicide risk differ 
for suicidal ideation and suicide attempt in FM, prompting further 
investigation.

Figure 3. Proportions of cases of ideation by predicted bin of risk.
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Notably, frequent outpatient utilization (clinic follow- up) and 
increased rates of outpatient prescriptions for both mental and 
medical illnesses served as protective factors in both groups. 
 Additionally, preventive medications and vaccinations, typical of 

longitudinal outpatient engagement, lowered the risks of SITBs in 
FM. Subsequent utilization analyses showed a dramatic difference 
in follow- up time (up to 40× increased time spent with providers 
in follow- up for the low- risk group compared to those with SITBs) 

Table 2. Risk factors for attempts and suicidal ideation, thoughts, and behaviors*

Factor source
Suicide 

attempts
Suicidal 
ideation Examples

Comorbidity
Antiinfective drugs Medication list 1.16–1.20 – Ciprofloxacin, gentamycin
Thiazolidinedione Medication list 1.12–1.15 – Pioglitazone
Non- nucleoside reverse transcriptase Medication list 1.11–1.14 – Etravirine
Selective estrogen receptor modulator Medication list 1.05–1.11 – Raloxifene
Antiepileptic drugs, hydantoin derivatives Medication list 1.01–1.06 – Phenytoin, fosphenytoin
Atrial flutter ICD- 10 diagnosis – 1.11–1.15 ICD- 9: 427.32
Obstructive chronic bronchitis without  

exacerbation
ICD- 10 diagnosis – 1.09–1.13 ICD- 9: e.g., 491.21–491.22

Diabetic retinopathy ICD- 10 diagnosis – 1.08–1.14 ICD- 9: e.g., 362.01
Chemotherapy, pyrimidine analogs Medication list – 1.08–1.11 Gemcitabine, fluorouracil, 

cytarabine
Ulcer of lower extremity ICD- 10 diagnosis – 1.05–1.14 ICD- 9: 707.10
Ulcer of ankle ICD- 10 diagnosis – 1.05–1.11 ICD- 9: 707.13
History of septic shock ICD- 10 diagnosis – 1.04–1.12 ICD- 9: 785.52
Diabetes mellitus w/other specified  

manifestations, type I 
ICD- 10 diagnosis – 1.04–1.11 ICD- 9: 250.81

Immune thrombocytopenic purpura ICD- 10 diagnosis – 1.03–1.14 ICD- 9: 287.31
Blood clots, AC DVT/embolism in lower 

extremities
ICD- 10 diagnosis – 1.03–1.07 ICD- 9: 453.41

Cerebral embolism with infarction ICD- 10 diagnosis – 1.01–1.09 ICD- 9: 434.91
Hypersensitivity angiitis ICD- 10 diagnosis – 1.01–1.09 ICD- 9: 446.20

Cocaine dependence, unspecified ICD- 10 diagnosis 1.10–1.27 – ICD- 9: 304.20
Inpatient visits within the past year Visit count 1.27–1.36 1.46–1.53 –
Mental illness

Borderline personality disorder ICD- 10 diagnosis 1.16–1.20 – ICD- 9: 301.83
Indole derivatives (antipsychotic drugs) ICD- 10 diagnosis 1.10–1.15 – Clomipramine, imipramine
Recurrent depression, w/psychotic features ICD- 10 diagnosis 1.07–1.18 – ICD- 9: e.g., 296.31, 296.16
Bipolar disorder, not otherwise specified ICD- 10 diagnosis – 1.17–1.20 ICD- 9: e.g., 296.80
Bipolar I disorder, manic w/psychotic  

features
ICD- 10 diagnosis – 1.13–1.17 ICD- 9: e.g., 296.43–296.44

Monoamine oxidase inhibitors ICD- 10 diagnosis – 1.04–1.06 Tranylcypromine, 
phenelzine

Obesity
Body mass index 50.0–59.9, kg/m2 ICD- 10 diagnosis 1.12–1.18 – –
Morbid obesity ICD- 10 diagnosis 1.01–1.12 – –

Polysomatic symptoms
Fatigue ICD- 10 diagnosis – 1.25–1.32 ICD- 9: 780.7; ICD- 10: R53%
Dizziness ICD- 10 diagnosis – 1.22–1.28 ICD- 9: 780.4, 438.85; ICD- 10: 

R42%
Weakness ICD- 10 diagnosis – 1.15–1.19 ICD- 9: 728.87; ICD- 10: 

M62.81

* Values are the 95% confidence interval of the odds ratio unless indicated otherwise. ICD- 10 = International Classification of Diseases, Tenth 
Revision; ICD- 9 = International Classification of Diseases, Ninth Revision; AC = acute; DVT = deep vein thrombosis. 



McKERNAN ET AL1262       |

across outpatient settings, including primary care, medical spe-
cialty, and mental health clinics. There was a concomitant increase 
in the use of outpatient resources like health and behavioral inter-
ventions in the low- risk cohort. Outpatient health and behavior 
codes were more likely to occur for those with suicidal ideation 
without evidence of subsequent attempts, potentially indicating a 
preventive effect of health and behavior intervention in this high- risk 
cohort. These findings suggest that further research in patterns of 
outpatient engagement with respect to suicidality may be indicated.

This work extends existing research by quantifying, char-
acterizing, and predicting SITB risk in a population, using clinical 
data science for the first time. Our study confirms and builds upon 
known risk factors of SITBs in FM based on both literature review 
and clinical expertise. Building on existing research, we also high-
light actionable foci of risk management strategies (e.g., poly-
somatic symptoms, pharmacologic therapies) and the buffering 
effect of outpatient engagement to lower predicted risk.

Strengths of our study include using validated models applied 
to a valid phenotype of FM in a large EHR cohort. The models 
were designed to scale to any clinical setting with EHR data, facil-
itating external validation in this study. Applying these methods to 
a large academic medical center allowed us to sample patients 
at all points of care, assessing both known general and disease- 
specific risk factors concurrently. In addition to reviewing inves-
tigations to date, we combined expertise in machine learning, 
rheumatology, and psychology to identify additional patient char-
acteristics to clinically inform risk prediction and interpret results.

These findings should be interpreted in light of study limita-
tions. We relied on a single major academic medical center for 
study data. Our overall sample size was relatively small; however, 
this size is reasonable given the low base- rate phenomenon of 
SITBs in FM (in our cohort, approximately 0.4%). External validity 
results of this investigation are encouraging, but studies of repro-
ducibility and generalizability in new settings are important steps 
of future work. In working with EHR data, there is always a risk 
of misclassification. Our reliance on the suicidal ideation codes 
is typical of this literature, but codes are an imperfect surrogate 
for true SITBs. Suicidal ideation remains at risk of underreporting. 
We report a 1.1% prevalence of documented suicidal ideation in 
this cohort. Under- documentation occurs from multiple potential 
sources, including patient hesitancy to report symptoms, lack of 
provider inquiry, and billing workflows failing to document diag-
nostic codes even if the latter 2 have occurred. Other studies in 
FM that were reliant on patient self- report have been associated 
with higher rates. Future analyses should address whether these 
differences in prevalence result from differences in self- report com-
pared to retrospective EHR analyses, underreporting, incomplete 
documentation, or innate differences in our cohort compared to 
those in other health systems or countries. An existing limitation of 
replicable machine learning methods is the reliance on structured 
data within the health record to assess for patient characteris-
tics that inform outcomes. While this reliance permits replicability/ 

reproducibility and the potential for larger- scale investigations 
across networks, nuance can be lost in additional risk factors that 
may exist in unstructured data, such as the text of patient notes 
(versus a diagnostic code, for example). Experts are addressing 
this limitation by processing clinical text through natural language 
(28), which remains a future direction for this work.

While our current efforts focus on identifying risk, the ulti-
mate goal is to translate these findings into actionable methods 
in clinical settings to enhance suicide prevention. A clear signal 
from this investigation is the importance of simply maintain-
ing outpatient contacts over time to reduce the risk of SITBs. 
Predictive models like ours may play a role in identifying those 
patients who are both at risk of SITBs and who have been 
lost to follow- up. Enhancing outpatient continuity with at- risk 
patients is an active area of prevention in military and civilian 
settings and in diverse diseases (22,29,30). The gold standard 
for pain treatment is multimodal therapy, including psychologic 
approaches to pain management (31). Cognitive behavioral 
therapy in particular has been shown to improve outcomes 
in FM by improving mood, pain- related disability, and pain 
severity at follow- up (32). Given our findings that outpatient 
engagement of any type, including mental health engagement, 
may attenuate the risk of suicide attempt in those with suicidal 
ideation, we suggest a connection to mental health resources 
such as cognitive- behavioral therapy for FM patients with sui-
cidal ideation, to enhance outpatient engagement and pro-
vider connection. Providers have expressed helplessness and 
frustration with being unable to intervene in complex situations 
for patients with FM (33). This work shows that the contact 
itself may have intrinsic benefits that decrease the likelihood of 
suicidality in this population.
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How Do Health Literacy, Numeric Competencies, and 
Patient Activation Relate to Transition Readiness in 
Adolescents and Young Adults With Rheumatic Diseases?
Samuel M. Lazaroff,1 Alexa Meara,1 Mary Kate Tompkins,1 Ellen Peters,1 and Stacy P. Ardoin2

Objective. To evaluate how demographics, health literacy, numeracy, and patient activation are related to transi-
tion readiness in adolescent and young adult (AYA) patients and to describe how parent/guardian (PG) performance 
on these metrics predicts AYA patients’ transition readiness.

Methods. In this single center, cross- sectional study, consecutive English- speaking AYA patients ages 17–21 
years and PGs were recruited from outpatient rheumatology clinics. Participants completed the following self- 
reported instruments: demographic questionnaire, Short Test of Fundamental Health Literacy, Objective Numeracy 
Scale, Subjective Numeracy Scale, Symbolic- number mapping, Patient Activation Measure, and Transition Readi-
ness Assessment Questionnaire (TRAQ; AYA patients only).

Results. Ninety- one AYA patients participated in the study, of whom 64 of 91 (70%) had juvenile idiopathic arthri-
tis, and 54 PGs. Mean ± SD TRAQ score was 4.0 ± 0.65, correlating with “I am starting to do this” stage of change. 
Most participants (98%) had adequate health literacy. Multivariable regression analysis showed that AYA patients of 
female sex, older age, and higher patient activation significantly predicted higher TRAQ scores (P < 0.05). No PG 
characteristics were linked to higher AYA patient TRAQ scores.

Conclusions. Transition readiness in AYA patients as measured by TRAQ is associated with female sex, older 
age, and higher patient activation. Though sex and age are nonmodifiable, interventions to boost patient activation 
represent a promising opportunity to improve transition readiness and outcomes.

INTRODUCTION

Since the mid- 1980s, leaders in the fields of pediatrics and 
adolescent, internal, and family medicine have emphasized the 
need to study and improve the chronic condition transition process, 
defined as the “purposeful, planned movement of adolescents and 
young adults with chronic physical and medical conditions from 
child- centered to adult- oriented health- care systems” (1). Three 
decades later, our knowledge on the subject remains incomplete, 
with insufficient quantitative data on the factors that contribute to 
successful transition in order to inform best practices and improve 
outcomes (2). Knowledge gaps in transition from pediatric to adult 
care include understanding the relationships among patient and 
parent health literacy, numeracy, patient activation, and transition 

readiness. These skills are vital in provider- patient communication 
and health care system navigation.

Health literacy is the “capacity to obtain, process, and under-
stand basic health information and services needed to make 
appropriate health decisions” (3). Poor health literacy is linked to 
medication non- adherence, poor appointment keeping, poorer 
health knowledge, and poorer self- management of medical con-
ditions in several disease states (3,4). Likewise, lower numeracy, 
“the ability to use and understand numbers in daily life,” in the 
medical setting is associated with higher rates of comorbidities, 
unrealistic expectations for treatment options, and poorer disease 
control (5,6). Both health literacy and numeracy are key to com-
prehending health care information, but a study by Hibbard and 
colleagues demonstrated that comprehension alone is insufficient 
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for patients to make informed choices (7). Patient activation (tak-
ing an active role in managing one’s own health and health care) 
is an additional measure of patients’ abilities to weigh choices 
and make health care decisions. Increases in patient activation 
are associated with increased engagement in healthier lifestyle 
behaviors and fewer hospital visits (7).

However, the transition process involves not only adolescent 
and young adult (AYA) patients but also their parents/guardians 
(PGs), with control over health care decisions gradually transferred 
from PGs to the AYA patient. Health literacy, numeracy, patient 
activation, and transition readiness have been studied in adoles-
cent patients, but relationships between AYA patients and PGs 
in the setting of transition remain understudied (3,4,7,8). A study 
by Chisolm et al demonstrated the prevalence of health literate 
congruent parent- child dyads (i.e., both parent and patient have 
adequate health literacy) and incongruent dyads within a low 
socio economic (SES) population, suggesting the need for provid-
ers to consider both the abilities of the patient as well as their PG in 
health care navigation. Notably, 23% of teens with sub- adequate 
health literacy also had a PG with poor health literacy (9), and 
low parental numeracy has been linked to over-  and under- weight 
children (10).

Focusing on pediatric rheumatology, a study by Bingham 
et al (2) showed that older patient age, younger PG age, having 
a family member with a similar disease, longer disease duration, 
having other comorbidities, and having had a summer job corre-
lated with increased self- reported autonomy in accessing medical 
care. These findings highlight important personal characteristics 
that may contribute to successful transition in AYA patients. The 
goal of this study was to evaluate the association of AYA and PG 
health literacy, numeracy, and patient activation with AYA transi-
tion readiness in a cohort of AYA patients with chronic rheumatic 
conditions.

MATERIALS AND METHODS

In this single center, cross- sectional study, consecutive AYA 
patients and 1 PG of each AYA patient were recruited from the 
outpatient rheumatology clinic from May to August of 2016; AYA 
patient inclusion criteria included those who were ages 17–21, 

English- proficient, and capable of completing the question-
naires. Participants ages ≥18 years provided verbal consent 
to participate; those younger than 18 provided verbal assent. 
The Nationwide Children’s Hospital Institutional Review Board 
approved the protocol in regard to ethics.

Data collection. AYA patients completed demographic 
questionnaires and the instruments on paper (described below). 
When possible, PGs completed all measures except the Tran-
sition Readiness Assessment Questionnaire (TRAQ). PGs were 
instructed to assess themselves on the measures, not the AYA 
patient. Data collected on paper were entered into a secure 
database for analysis. No personal health information was col-
lected or recorded.

Measures. Demographics. All participants provided demo-
graphic information including sex, race, ethnicity, marital status, 
insurance coverage, employment status, household income, 
and education. Patients also reported their rheumatologic diag-
nosis and month/year of diagnosis.

Health literacy. Health literacy was assessed using the 
Short Test of Fundamental Health Literacy (sTOFHLA), a 36- 
item assessment designed to measure reading comprehen-
sion (11). Continuous sTOFHLA scores were used in analyses. 
Scores in the range 0–16 are defined as inadequate health 
literacy, 17–22 as marginal, and 23–36 as adequate. This test 
contains 2 English passages written at 4th grade and 10th 
grade reading levels and has been widely validated across dis-
ease states (11).

Transition Readiness Assessment Questionnaire (TRAQ). 
The TRAQ (version 5.0), a 20- item survey that measures profi-
ciency in 5 domains (including managing medications, appoint-
ment keeping, tracking health issues, talking with providers, and 
managing daily activities), was used to measure the readiness of 
AYA patients to transition to adult providers. Each item is scored 
on a scale of 1 (“No, I do not know how”) to 5 (“Yes, I always 
do this when I need”), based upon the stages of change mod-
el. Item scores were averaged to produce an overall score (12). 
The TRAQ can be used for any chronic medical condition and 
has been validated or studied in populations including healthy 
individuals and patients with cystic fibrosis, congenital heart dis-
ease, sickle cell disease, and those with rheumatologic, gastro-
enterologic, and endocrinous disorders (12,13–15). The TRAQ 
has been utilized as a key measure in interventional and tran-
sition observational studies (13–15). To date, the TRAQ is the 
most extensively validated disease- neutral transition readiness 
assessment tool.

Objective Numeracy Scale (ONS). The ONS includes 8 
math questions that are focused primarily on percentages and 
proportions. The number of correct questions is the total score, 
with questions left blank scored as incorrect. Possible scores 
range from 0 to 8; higher scores indicate higher levels of numeric 

SIGNIFICANCE & INNOVATIONS
• Female sex, older age, and higher patient activa-

tion scores predicted transition readiness in ado-
lescent/young adult patients, as measured by the 
Transition Readiness Assessment Questionnaire.

• Parent competencies and adolescent/young adult 
health literacy and numeracy scores did not predict 
transition readiness.

• Interventions shown to increase patient activation 
may improve transition readiness.
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ability. This tool was developed to have a broader range of diffi-
culty relative to other tests available to researchers (16).

Subjective Numeracy Scale (SNS). The SNS is an 
8- question survey assessing self- perceptions of math abilities 
that relate positively to objective numeracy scores (17). Patients 
rate themselves from 1 to 6 on each of 8 items, and an average 
is computed. Patients with high overall scores believe they have 
high math capabilities and generally prefer to use numbers in-
stead of words. Higher SNS scores have been related to greater 
confidence and perseverance in decision tasks (17).

Symbolic- number Mapping (SMap). The SMap is a 
22- question assessment associated with improved ability to dis-
criminate and remember numbers (18). Participants are told to 
“please draw a ‘hatch mark’ or little vertical up- and- down line 
to indicate how big is the number shown” on a scale from 0 to 
1,000. On each page, participants place a number on the num-
ber line as instructed. As per previously published methods, this 
measure was reverse scored (i.e., scores closer to 0 represent 
more exact mapping) on a log scale based on the mean absolute 
differences between participants’ answers and the target num-
ber (18). More exact symbolic- numbering mapping is thought to 
be related to the development of more proficient objective math 
skills (17).

Patient Activation Measure (PAM). The 13- question PAM 
has been used to predict outcomes, including healthy behaviors, 
chronic self- management, maintaining a health/blood pressure 
diary, controlling chronic illness, and health care costs (8). The 
PAM has been studied and validated in adults and adolescents; 
questions assess preventive and health- oriented behaviors, self- 
management, and health information seeking. Each question is 
scored on a 4- point scale (1 = disagree strongly, 2 = disagree, 
3 = agree, 4 = agree strongly), which are then translated into a 
0–100 score. Higher scores represent increased activation.

Data analysis. Descriptive statistics were performed. Uni-
variate analysis was performed to identify relations between TRAQ 
scores and AYA and PG demographic characteristics and other 
survey scores. Variables with P values < 0.05 in univariate analy-
sis were included in multivariate modeling. Using TRAQ scores as 
the dependent variable, multivariate linear regression models were 
conducted using backwards, stepwise logistic regression. P val-
ues less than 0.05 were considered significant. The multivariable 
analyses did not control for education because education exerts a 
causal influence on numeric ability.

RESULTS

Ninety- one AYA patients and 54 PGs completed the 
study. Demographic data and performance on survey instru-
ments are summarized in Table 1. The mean ± SD age of AYA 
respondents was 19 ± 1.3 years. Most patients in this cohort 
were female (80%), white (78.6%), and had completed some 

college/technical school (66.7%), with an additional 26.1% in 
12th grade. All annual household income levels were repre-
sented, with the plurality (21.5%) in the $100,000–150,000 
range. Among PGs, the mean ± SD age was 48 ± 7.9 years 
and 87% were female. The majority of PGs were white (88.5%) 
and had completed college or technical school (>60%). All lev-
els of SES were represented in PGs, with $100,000–$150,000 

being the most common response (26%).
The majority of AYA patients in this cohort (64 of 91) saw 

a rheumatologist for juvenile idiopathic arthritis (JIA). Four 

Table 1. Baseline characteristics and survey results for transitioning 
adolescent/young adults and their parents/guardians*

AYA 
(n = 91)

PG 
(n = 54)

Age, mean ± SD years 19 ± 1.3 48 ± 7.9
Women 72 (80) 45 (87)
Race

White 70 (78.6) 46 (88.5)
African American 11 (12.4) 3 (5.8)
Other 8 (9.0) 3 (5.8)

Education
10th grade 1 (1.5) 0
11th grade 4 (5.8) 0
12th grade 18 (26.1) 9 (16.7)
Some college/tech school 46 (66.7) 12 (22.2)
Graduated college/tech 

school
0 20 (37.0)

Graduate degree 0 13 (24.1)
Annual household income

<$25,000 12 (18.5) 2 (4.0)
$25,000–$49,999 11 (16.9) 9 (18.0)
$50,000–$74,999 9 (13.6) 10 (20.0)
$75,000–$99,999 7 (10.8) 8 (16.0)
$100,000–$150,000 14 (21.5) 13 (26.0)
>$150,000 12 (18.5) 8 (16.0)

TRAQ score, mean ± SD† 4.0 ± 0.67 –
sTOFHLA score, mean ± SD‡ 34.1 ± 3.5 34.7 ± 1.7
PAM, mean ± SD§ 64.8 ± 17.6 68.0 ± 12.8
SNS, mean ± SD¶ 3.8 ± 1.1 4.0 ± 1.0
ONS, mean ± SD# 3.7 ± 1.7 3.8 ± 1.7
SMAP, mean ± SD** −0.87 ± 0.2 −0.85 ± 0.2

* Values are the number (%) of adolescent/young adults (AYAs) and 
their parents/guardians (PGs) unless indicated otherwise. TRAQ = 
Transition Readiness Assessment Questionnaire; sTOFHLA = Short 
Test of Fundamental Health Literacy in Adults; PAM = Patient Acti-
vation Measure; SNS = Subjective Numeracy Scale; ONS = Objective 
Numeracy Scale; SMAP = Symbolic Number Mapping. 
† Possible range 1–5. 
‡ Possible range 0–36. 
§ Possible range 0–100. 
¶ Possible range 1–6. 
# Possible range 0–8. 
** Possible range –2.14 to 0. 
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patients had lupus, 4 had mixed connective tissue disease, 
2 had juvenile dermatomyositis, and the remainder had other 
conditions, including psoriasis, Behçet’s disease, and sclero-
derma.

The mean ± AYA patient TRAQ score was 4.0 ± 0.67, 
which reflects an “I am starting to do this” stage of change 
(12). Most AYA patients (98%) and all PGs had adequate 
health literacy, as defined by sTOFHLA scores ≥22. Broad 
concordance existed between AYA patients and PGs on the 
numeracy measures; average scores of 3.8 and 4.0 (on the 
1–6 scale), respectively, were recorded on the SNS. The aver-
age score of AYA patients on the ONS was 3.7 and was 3.8 
for PGs (out of 8 possible). On the SMap, the average score 
of AYA patients was –0.87 and –0.85 for PGs. Similarly, the 
average AYA patient score on the PAM was 64.8, (on a 0–100 
scale) signifying “Agree” with items such as, “When all is said 
and done, I am the person who is responsible for taking care 
of my health” and “I understand my health problems and what 
causes them,” which is a level 3 score on the PAM (55.2–
72.4), indicative of beginning to engage in recommended 
health behaviors (7,15). The corresponding average score of 
PGs was 68.0.

In AYA patients, female sex (P = 0.01), older age (P = 
0.0004), and higher PAM scores (P < 0.0001) were related 
to higher transition readiness (TRAQ score) in multivariate 
regression (Table 2). Results in Table 2 indicated that, for every 
year increase in age, TRAQ scores increased by 0.17 units. 

Table 2 standardized regression results indicated that patient 
activation was the strongest predictor of AYA patient TRAQ 
scores, relative to age and sex. Specifically, 1 SD increase in 
PAM corresponded to a 0.40 SD increase in AYA patient TRAQ 
scores. Other variables, including scores on the sTOFHLA 
and numeracy measures as well as demographic data, were 
not predictive of TRAQ scores in AYA patients. In separate 
model ing, PG health literacy, numeric competency, and patient 
activation were not independently associated with AYA TRAQ 
scores (see Table 3). Higher PG sTOFHLA scores were mar-
ginally associated with higher AYA TRAQ scores (P = 0.06). 
Specifically, 1 SD increase in PG health literacy corresponded 

with a 0.26 SD increase in AYA patient TRAQ scores.

DISCUSSION

To our knowledge, this study is the first to attempt to 
quantitatively examine transition readiness in the context of 
AYA and PG health literacy, numeracy, and patient activa-
tion. We have shown that AYA patient activation, older age, 
and female sex predicted higher performance on the TRAQ, 
whereas other AYA patient characteristics, PG demographics, 
and other responses did not relate to AYA patient transition 
readiness in this cohort. The present study also represents 
the first known study to use the PAM in a pediatric popula-
tion. Although the measured PG competencies were not sig-
nificantly associated with AYA transition readiness, certainly 

Table 2. Final model of predictors of AYA TRAQ scores from AYA surveys*

Variable† B coefficient‡ b coefficient§ SE¶ t value# P**

Intercept 0.00 −0.47 0.86 −0.55 0.58
AYA PAM 0.40 0.02 0.003 4.60 <0.0001
AYA age 0.33 0.17 0.05 3.72 0.0004
AYA female 0.22 0.37 0.15 2.49 0.01

* AYA = adolescent/young adult; SE = standard error; PAM = Patient Activation Measure. 
† R2 = 0.38.
‡ Coeffient variable = 13.6.
§ Root mean square error = 0.55.
¶ Transition Readiness Assessment Questionnaire (TRAQ) score (mean) = 4.03 
# F value = 16.93.
** P < 0.0001.

Table 3. Final model of predictors of AYA TRAQ scores from PG surveys*

Variable† B coefficient‡ b coefficient§ SE¶ t# P**

Intercept 0.00 −0.05 2.06 −0.02 0.98
PG sTOFHLA 0.26 0.11 0.06 1.90 0.06

* AYA = adolescent/young adult; PG = parent/guardian; SE = standard error; sTOFHLA = Short 
Test of Functional Health Literacy in Adults. 
† R2 = 0.07.
‡ Coeffient variable = 18.68.
§ Root mean square = 0.72.
¶ Transition Readiness Assessment Questionnaire (TRAQ) score (mean) = 3.86.
# F = 3.60.
** P = 0.06.
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PGs importantly influence AYA beliefs, values, behaviors, and 
illness experience in many ways that these instruments do not 
measure.

The association between the PAM and the TRAQ is not 
surprising because these 2 validated instruments include similar 
domains. For example, 1 item on the PAM is “I am confident that 
I can tell a doctor my concerns, even when he or she does not 
ask”(7). Similarly, TRAQ asks “Do you tell the doctor or nurse what 
you are feeling?”(12). The strong concordance between these 2 
measures is thus reassuring and provides validity to the TRAQ 
instrument in light of the extensive clinical validation of the PAM 
(7,8). Higher PAM scores have been linked to improved health 
behaviors, including seeking preventative care (e.g., cancer 
screenings, immunizations), healthy eating, exercising regularly, 
and avoiding smoking. In chronic disease states, highly activated 
patients have been shown to have better chronic disease control 
and long- term outcomes, as well as decreased utilization of inpa-
tient and emergency department services and lower health care 
costs (8).

Importantly, various interventions are effective in increas-
ing adult patient activation. In a study by Hibbard and Greene, 
these interventions are broadly classified into the following 3 
groups: skill development, problem solving, and peer support; 
changing the social environment; and tailoring support to the 
person’s activation level (8). Skill- based interventions may be 
community based and rely on teaching patients about specific 
aspects of disease management, as well as how to commu-
nicate effectively with their providers. Often such a program 
is combined with tailored care, wherein providers use the 
patient’s PAM score to dictate priorities in care and set real-
istic goals (i.e., smaller steps and more frequent follow- up for 
less- activated patients). Along these lines, some health care 
systems have turned to using the PAM as a “vital sign” to be 
checked regularly to aid clinical decision- making (8). Similar 
interventions targeted toward transitioning AYA patients can 
likely improve transition readiness. Using patient activation as 
a vital sign could help providers to identify patients at increased 
risk of poor transition outcomes. Further study and use of the 
PAM in the setting of transition is recommended.

With respect to the associations between older age and 
female sex on TRAQ scores in AYA patients, these trends sup-
port the published developmental literature for adolescents and 
existing transition literature. Older age and being female are 
associated with increased self- reported autonomy in pediatric 
patients, likely allowing those patients to engage more fully in 
their own medical care (2).

As hypothesized, health literacy and numeracy were not 
linked to improved TRAQ performance. Nearly every participant in 
our cohort had adequate health literacy as defined by sTOFHLA 
≥23 (11). Our population was largely female, white, and of higher 
SES and the majority of AYA patients had JIA. Additional study 
is warranted in other populations in which differences in health 

literacy are greater and/or could play a more important role in dif-
ferentiating those with high and low transition readiness. Indeed, 
additional data on the roles of health literacy and numeracy could 
provide actionable guidance for providers on the most effective 
forms of communication to present health- related information to 
AYA patients during the transition process, though population- 
specific effects may exist as noted above.

Our study has several limitations. This small cohort that was 
enrolled at a single center was racially homogenous and skewed 
toward white AYA patients (and PGs) who lived in high-income 
households and were well- educated. Data on education and 
household income were missing for a substantial number of 
patients. The cohort’s composition may reflect selection bias. 
Some potential enrollees (both AYA patients and PGs) refused 
participation when informed that the surveys included completing 
math problems and a reading test. Thus, numeracy and health 
literacy scores may be inflated; AYA patients who struggle in math 
or reading may have been more likely to refuse participation, pos-
sibly corresponding to AYA patients of lower education levels and/
or SES. It is not possible to know whether patient refusal affected 
the sex or racial makeup of the cohort. Our limited ability to enroll 
PG participants (whether because of their refusal or because the 
AYA patient was unaccompanied to their medical appointment) 
restricted statistical power to examine correlations between PG 
and AYA patient characteristics. Finally, our small study used the 
TRAQ as a measure of transition readiness. Though clinically val-
idated and widely used as a marker of transition readiness, the 
TRAQ serves as an imperfect surrogate marker compared to lon-
gitudinal data on the actual transition outcomes of these patients. 
It is our hope that larger, multicenter studies will follow up to exam-
ine the validity of our findings (and expand upon them) in more 
diverse populations, particularly concerning the role of PGs in the 
transition process.

In conclusion, this study has shown that AYA patient acti-
vation, older age, and female sex predict higher TRAQ perfor-
mance in AYA patients with chronic rheumatologic diseases. In 
this cohort, no demonstrated association existed between PG 
demographics or survey performance with AYA patient TRAQ 
score. Our results identify patient activation as an important 
modifiable factor in the transition process. Improving patient 
activation in AYA through targeted interventions represents an 
opportunity to greatly decrease the morbidity and mortality 
associated with prolonged transition.
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Incidence, Clinical Manifestations, and Severity of Juvenile 
Idiopathic Arthritis Among Maori and Pacific Island 
Children
Anthony Concannon,1 Peter Reed,2 and Genevieve Ostring3

Objective. To describe the incidence, demographics, diagnostic clinical manifestations, and severity of juvenile 
idiopathic arthritis (JIA) in Maori and Pacific Island children compared to European children.

Methods. A chart review was conducted of all children with JIA seen by Auckland pediatric and rheumatology 
services between the years 2000 and 2015. Demographic data and diagnostic clinical manifestations, including poor 
prognostic features, were collated. The incidence, diagnostic, clinical manifestations, and severity of JIA were deter-
mined and compared between ethnic groups, in particular Maori, Pacific Island, and European children.

Results. The overall incidence in a New Zealand cohort of children with JIA was 5.1/100,000 children per year, 
which was significantly higher among European children (7.2/100,000 children per year) compared to all other ethnic 
groups. Poor prognostic features at diagnosis were present in 36% of children with JIA, with significantly more Maori 
and Pacific Island children presenting with poor prognostic features compared to European children (58% versus 
27%; P = 0.0001). Maori and Pacific Island children had significantly more poor prognostic features per child associ-
ated with JIA (1.10 versus 0.37; P < 0.0001) and in oligoarticular and polyarticular JIA (1.28 versus 0.40; P < 0.0001), 
which was independent of socioeconomic status. Significant features included cervical involvement (25% versus 9%; 
P = 0.03), erosive changes (22% versus 8%; P = 0.05), joint space narrowing (13% versus 2%; P = 0.02), and positive 
rheumatoid factor polyarticular disease (47% versus 14%; P = 0.01).

Conclusion. Maori and Pacific Island children were more likely to present with poor prognostic features at diag-
nosis, although the incidence of JIA was demonstrated to be significantly higher among European children compared 
to all ethnic groups.

INTRODUCTION

Demographic and clinical manifestations of juvenile idiopathic 
arthritis (JIA) are well established in European and North American 
populations (1), where the reported incidence ranges between 1.6 
and 23 per 100,000 children. The incidence and prevalence of JIA 
and other rheumatologic diseases such as juvenile systemic lupus 
erythematous (SLE) have been shown to be higher in indigenous 
populations (2). An increased understanding of the genomics of 
rheumatologic conditions would suggest that at least some of this 
dissimilarity is due to ethnic and genetic variation (3).

The Maori are the indigenous population of New Zealand, 
with nearly one quarter (n = 52,000 [24%]) of all Maori chil-
dren and nearly two- thirds (n = 63,000 [65%]) of Pacific Island 

children in New Zealand residing within the Auckland region. 
Juvenile SLE has been shown to convey a worse prognosis 
among Maori and Pacific Island children when compared to 
European children (4). Although a previous study determined 
the incidence of juvenile rheumatoid arthritis among Auckland 
children (1971–1980) to be 3.1/100,000 per year (n = 55), 
there was no recognizable influence of race on the course of 
the disease (5). Since then, there have been changes in the 
nomenclature, including the categorization of subtypes and 
delineation of poor prognostic features (6). The aim of this 
study was to establish the current ethnic incidence and deter-
mine the prognostic features at diagnosis of JIA among Maori 
and Pacific Island children and compare these to their Euro-
pean counterparts.
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PATIENTS AND METHODS

The public health care system in New Zealand is subsidized 
by the government, with all children able to access heavily subsi-
dized or free primary care through their general practitioner and 
free access to emergency care. The estimated pediatric pop-
ulation (ages 0–15 years) was 121,000 in Counties Manukau 
(serviced by Kidz First Hospital), 82,000 in Auckland Central (ser-
viced by Starship Hospital), and 114,000 in Waitemata (serviced 
by Waitakere Hospital) (317,000 in total). Of these populations, 
an estimated 51% (62,000) of children in Counties Manukau, 
29% (24,000) in Auckland Central, and 25% (29,000) in Wait-
emata are of Maori or Pacific Island ethnicity (36% in total) (7). 
In Auckland, children with JIA were almost exclusively treated 
by the Starship Hospital rheumatology service until the estab-
lishment of a national service in 2006, and integrated pediatric 
rheumatologist–led services at Waitakere Hospital in 2010 and 
Kidz First Hospital rheumatology services in 2012. During the 
period of the study, a single pediatric rheumatologist provided 
a private service within the Auckland region and had a policy of 
referring all children with JIA to the Starship Hospital pediatric 
rheumatology service for review.

A chart review was conducted of all children <16 years of 
age who had been diagnosed with JIA within Counties Manukau 
and Auckland and Waitemata counties by the associated district 
health boards between January 2000 and December 2015. Ethi-
cal approval for this study was obtained from all hospitals involved.

Within New Zealand, all individuals are assigned a national 
unique identifier to public health care services at the time of first 
presentation of disease, which is linked to all subsequent health 
care encounters and obtained clinical information. Patient encoun-
ters at all 3 district health boards are assigned a clinical code at 
the time of discharge linked to the national unique identifier, which 
is stored electronically in each hospital database. Children were 
identified with the Counties Manukau and Auckland and Wait-
emata county databases using the key words “juvenile idiopathic 
arthritis,” “juvenile chronic arthritis,” “juvenile rheumatoid arthritis,” 
“juvenile arthritis,” and “arthritis.” This method captured all children 
seen in the inpatient, emergency, and day- stay units. In addition, 
all outpatient encounters at Starship Hospital and local Kidz First 

Hospital and Waitemata Hospital outpatient databases were man-
ually reviewed, reducing the potential for selection bias by severity.

Children were included if they met the International League 
Against Rheumatism diagnostic criteria and were classified 
as having oligoarticular, polyarticular (rheumatoid factor [RF] 
positive or negative), systemic, psoriatic, or enthesitis- related 
arthritis (ERA) (8). There were no children with undifferentiated 
JIA. Arthritis was defined as joint swelling or effusion, or ≥2 
joints of limited range of motion, tenderness or pain on motion, 
or warmth. Demographic data (age, sex, and ethnicity) and the 
number and type of joints involved were determined within 1 
month of diagnosis. Ethnicity was recorded at the time of the 
initial patient encounter within the public system at all 3 district 
health boards. Ethnicity was derived and assigned based on 
the ethnic background that each child’s family declared at the 
time of initial presentation to public health care services, with 
combination ethnicities allocated to a single ethnicity based 
on the Ministry of Health ethnicity “prioritization” standards (9). 
The Maori have an official status as the indigenous people of 
New Zealand but also share a Polynesian ancestry. Conse-
quently, the results for Maori are presented both separately 
and in combination with other Pacific Island children.

RF and the presence of anti–cyclic citrullinated peptide 
(anti- CCP) antibodies at any time were recorded. Baseline imag-
ing (radiograph and/or magnetic resonance imaging) that was 
obtained within 6 months of diagnosis was reviewed, including 
the presence of joint space narrowing, synovitis, and erosions. 
This information was used to determine poor prognostic features 
at diagnosis for children with oligoarticular or polyarticular JIA, 
sacroiliitis, and systemic arthritis, as outlined by the American 
College of Rheumatology (6). This data included arthritis of the 
hip or cervical spine, arthritis of the ankle or wrist, marked or 
prolonged inflammatory marker elevation, radiographic dam-
age (erosions or joint space narrowing), positive RF or anti- CCP, 
6- month duration of significant active systemic disease (fever, 
elevated inflammatory marker levels), or treatment of systemic 
JIA with systemic corticosteroids.

Incidence denominators were estimated from the New Zea-
land census results of 2001, 2006, and 2013, and by simple 
linear interpolation for the non- census years. Count data were 
collated for 5-year age intervals for ages 0–14 years, with age 15 
estimated as 20% of the age 15–19 years group. Ethnicity data 
were derived from “detailed single and combination” data (7) and 
“Ethnic group (single and combination) by age group and sex, for 
the census usually resident population count, 2001, 2006, and 
2013”  data, with combination ethnicities allocated to a single 
ethnicity in the same manner as patient ethnicity. Middle East-
ern, Latin American, and African (MELAA) persons were not sep-
arated from “other” in the 2000 census, and a large number of 
Europeans were classified as “other” in 2006 (“New Zealander” 
was a popular response in 2006) (10). Therefore, to maintain 
consistency over the years, European ethnicity was combined 

SIGNIFICANCE & INNOVATIONS
• The incidence of juvenile idioipathic arthritis (JIA) in 

New Zealand is 5.1/100,000 children per year.
• Poor prognostic features at JIA diagnosis are sig-

nificantly more common among Maori and Pacif-
ic Island children, independent of socioeconomic 
 status.

• JIA is significantly more common in New Zealand 
European children (7.2/100,000) compared to all 
other ethnicities, including Maori or Pacific Island 
children (2.7/100,000).
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with “other” and MELAA for the incidence calculations. In 2013, 
“other” and MELAA groupings comprised only 1% and 2% of 
the pediatric population, respectively. Nevertheless, persons in 
the European/MELAA/”other” category are predominantly Euro-
pean.

Patient socioeconomic status (SES) was measured using 
the New Zealand Deprivation (NZDep) Indices of 2001, 2006, 
and 2013 (11). NZDep is an area- based index of deprivation 
based on national census variables (e.g., income, house own-
ership, and qualifications) and calculated for geographic units 
(mesh blocks) containing ~100 people (12). The index is divided 
nationally into deciles, where decile 10 represents the great-
est deprivation (the lowest SES). Patient home addresses at 
the time of diagnosis were allocated an NZDep decile from the 
time- appropriate index, using the StatsNZ Geographic Data Ser-
vice web- based geo mapping tools for 2001, 2006, and 2013 
(13–15). For this study, the NZDep deciles were combined into 
3 groups of high (1–3), mid (4–7), and low (8–10) SES catego-
ries and analyzed as a categorical variable. Data analyses were 
undertaken using JMP, version 13 (SAS) and StatsDirect, ver-
sion 3 software. Incidence 95% confidence intervals (95% CI) 
and comparisons were undertaken using Poisson distribution–
based methods. For statistical analyses, we combined Maori 
and Pacific Island patients, and compared them to European 
patients. Age at diagnosis and number of poor prognostic fea-
tures were compared using the t- test. The proportions of patient 
subgroups were compared using Fisher’s exact test and calcu-
lation of odds ratios (ORs) with 95% CIs. SES was incorporated 
as a covariable with patient ethnicity in order to investigate the 
effect of ethnicity (independent of SES) on disease subtype 
and poor prognosis factors, using multivariable logistic or least 
squares–regression as appropriate.

RESULTS

A total of 248 children were diagnosed with JIA with an over-
all incidence of 5.1/100,000 children per year. There was a signif-
icantly higher annual incidence of JIA among European/MELAA 
(7.2/100,000) children compared with Maori (3.3/100,000), 

Pacific Island (2.1/100,000), Maori or Pacific Island (2.7/100,000), 
and Asian (4.4/100,000) children (Table 1). The Pacific Island chil-
dren were Tongan (n = 9), Samoan (n = 7), Niuean (n = 3), and 
 unspecified Pacific (n = 1). The European/MELAA group were 97% 
European (n = 157), with the remainder Middle Eastern (n = 1) and 
African (n = 4). The Asian children within the study were predomi-
nantly Indian (n = 22) and Chinese (n = 8), and the remainder were 
Japanese (n = 1), Korean (n = 1), Filipino (n = 1), and unspecified 
Asian (n = 5). The average age at diagnosis was 8.9 years, with 
a female predominance (61%) (Table 2). SES is highly associated 
with ethnicity in New Zealand (9), and this was reflected in the 
findings of the present study, with European children being sig-
nificantly less likely to be of low SES (10%) compared to Maori or 
Pacific Island children (69%) (Table 2). The frequency of oligoar-
ticular JIA among children of Maori or Pacific Island ethnicity was 
lower than European children (31% versus 53%; OR 0.4 [95% CI 
0.2–0.8]), although the difference was not statistically significant 
after adjusting for SES (OR 0.5 [95% CI 0.2–1.2]).

The frequency of polyarticular disease among children 
with JIA who are of Maori or Pacific Island ethnicity was higher 
than among European children, although not significantly (35% 
versus 24%; OR 1.8 [95% CI 0.9–3.6]) (Table 2), and the dif-
ference was similar after adjusting for SES (OR 1.5 [95% CI 
0.6–3.6]). The frequency of RF positive polyarticular disease 
among children with JIA who are of Maori or Pacific Island eth-
nicity was also higher than among European children (17% ver-
sus 3%; OR 6.1 [95% CI 1.9–20]) (Table 2), and the difference 
remained significant after adjusting for SES (OR 5.1 [95% CI 
1.2–22]). ERA, systemic, and psoriatic JIA and were the least 
common subtypes. ERA was present in 15% of children with 
JIA, with no significant ethnic difference (Table 2) or SES effect. 
The frequency of systemic JIA among children with JIA who 
are of Maori or Pacific Island ethnicity was higher than that 
among European children (17% versus 6%; OR 2.9 [95% CI 
1.1–7.9]) (Table  2), although the difference was substantially 
weaker after adjusting for SES (OR 1.6 [95% CI 0.4–5.7]). Pso-
riatic arthritis was present in 3% of children with JIA in our 
cohort, with no significant ethnic difference (Table  2) or SES 
effect.

Table 1. Ethnic incidence of JIA in Auckland, New Zealand, 2000–2015

Ethnicity No. (%) Cases/ year
Incidence (per 100,000  

persons/year) 95% CI
Rate 
ratio P

European* 162 (65) 10.1 7.2 6.2–8.4 Ref. –
Maori 28 (11) 1.8 3.3 2.2–4.8 0.45 <0.0001
Pacific Island 20 (8) 1.3 2.1 1.3–3.3 0.29 <0.0001
Maori or Pacific Island 48 (19) 3.0 2.7 2.0–3.6 0.37 <0.0001
Asian 38 (15) 2.4 4.4 3.1–6.1 0.61 0.006
Total 248 15.5 5.1 4.5–5.7 – –

* Includes 5 patients who are Middle Eastern or African (see Patients and Methods). JIA = juvenile idiopathic arthritis; 
95% CI = 95% confidence interval; Ref = reference. 
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Poor prognostic features at diagnosis were present in 36% 
of children with JIA, including 65% (42 of 65) of children with 
polyarticular disease and 24% (28 of 117) of children with oli-
goarticular disease. The frequency of poor prognostic features 
among Maori or Pacific Island children with JIA was higher than 
among European children (58% versus 27%; OR 3.7 [95% CI 
1.9–7.3]) (Table 2), and the difference was not largely reduced 
after adjusting for SES (OR 3.1 [95% CI 1.4–7.2]). The majority 
of children with systemic JIA (90%) presented with poor prog-
nostic features with no significant ethnic differences, while a 
single Maori child with ERA presented with erosive sacroiliitis 
(Table 2). A total of 132 poor prognostic features were pres-
ent, with an average of 0.53 per child. Maori or Pacific Island 
children with JIA (1.10 versus 0.37) (Table 2), including those 
with oligoarticular or polyarticular disease (1.28 versus 0.40), 
presented with significantly more poor prognostic features per 
child compared to European children. The effect of ethnicity 
was essentially unchanged when adjusted for SES. These 
included cervical spine involvement (25% versus 9%), erosive 
disease (22% versus 8%), joint space narrowing (13% versus 
2%), and RF positive polyarticular disease (47% versus 14%) 
(Table 3).

DISCUSSION

While the overall incidence (5.1/100,000) and incidence of 
the varying subtypes of JIA in children in New Zealand were sim-
ilar to rates in Europe and North America (16), there were signif-
icant ethnic differences of incidence, subtype, and prognostic 
features at presentation.

The incidence of JIA and the oligoarticular subtype was sig-
nificantly higher among European children compared to Maori or 
Pacific Island children. This study confirmed the anecdotal suspi-
cion that, despite this difference, Maori and Pacific Island children 
exhibit significantly more poor prognostic features at diagnosis. 
Maori and Pacific Island children were also more likely to present 
with RF polyarticular disease, radiographic changes (erosions and 
joint space narrowing), and cervical involvement associated with 
oligoarticular or polyarticular disease.

Previous studies have shown that early aggressive manage-
ment of polyarticular JIA results in achievement of clinically inac-
tive disease by a substantial proportion of patients (17). It is also 
well recognized that Maori and Pacific Island individuals may 
have difficulty with access to medical care (18) that may lead 
to a delay in diagnosis, which accounts for some of the  ethnic 

Table 2. Demographics, subtype, and poor prognostic features at diagnosis of patients with JIA*

Demographics
Total 

(n = 248)
Asian 

(n = 38)
Maori 

(n = 28)

Pacific 
Island 

(n = 20)
European 
(n = 157)

Maori or Pacific Island 
vs. European, OR  

(95% CI); P

Age at diagnosis, mean ± SD years 8.9 ± 5 9.0 ± 4 9.2 ± 5 10.6 ± 4 8.6 ± 5 N/A; 0.13
Female 152 (61) 21 (55) 21 (75) 14 (70) 93 (59) 1.9 (0.9–3.8); 0.09
Socioeconomic status

High 98 (40) 11 (29) 3 (11) 1 (5) 82 (52) Ref.
Mid 95 (38) 22 (58) 8 (29) 3 (15) 59 (38) 3.8 (1.2–13); 0.03
Low 55 (22) 5 (13) 17 (61) 16 (80) 16 (10) 42 (13–136); <0.0001

ILAR diagnostic criteria
Oligoarticular 117 (47) 16 (42) 10 (36) 5 (25) 83 (53) 0.4 (0.2–0.8); 0.01
Polyarticular 65 (26) 11 (29) 11 (39) 6 (30) 37 (24) 1.8 (0.9–3.6); 0.13
ERA 38 (15) 7 (18) 2 (7) 3 (15) 25 (16) 0.6 (0.2–1.7); 0.48
Systemic JIA 20 (8) 2 (5) 4 (14) 4 (20) 10 (6) 2.9 (1.1–7.9); 0.04
Psoriatic arthritis 8 (3) 2 (5) 1 (4) 2 (10) 2 (1) 5.2 (0.8–32); 0.09
Polyarticular (RF+) 17 (7) 4 (11) 4 (14) 4 (20) 5 (3) 6.1 (1.9–20); 0.003

No. children w/poor prognostic features
Total 89 (36) 17 (45) 18 (64) 10 (50) 43 (27) 3.7 (1.9–7.3); 0.0001
Oligoarticular (n = 117) 28 (24) 7 (44) 5 (50) 1 (20) 14 (17) 3.3 (1.0–11); 0.07
Polyarticular (n = 65) 42 (65) 8 (73) 8 (73) 5 (83) 21 (57) 2.5 (0.6–12); 0.23
Systemic JIA (n = 20) 18 (90) 2 (100) 4 (100) 4 (100) 8 (80) N/A; 0.48
Sacroiliitis (n = 9) 1 (11) 0 (0) 1 (100) 0 (0) 0 (0) N/A; 0.25

No. poor prognostic features 132 21 (16) 32 (24) 21 (16) 58 (44)
No. poor prognostic features per child,  

mean ± SD
0.53 ± 0.9 0.55 ± 0.7 1.14 ± 1.1 1.05 ± 1.3 0.37 ± 0.7 <0.0001

* Values are the number (%) unless indicated otherwise. JIA = juvenile idiopathic arthritis; OR = odds ratio; 95% CI = 95% confidence interval; 
N/A = not applicable; Ref. = reference; ILAR = International League of Associations for Rheumatology; ERA = enthesitis- related arthritis; RF+ =  
rheumatoid factor positive.  
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differences. Maori and Pacific Island children in New Zealand 
also have a high incidence of osteomyelitis (19) and rheumatic 
fever (20). While it is possible that a presumed diagnosis with 
osteomyelitis, septic arthritis, or acute rheumatic fever may delay 
JIA diagnosis, more information is required to establish ethnic- 
specific diagnostic delay and further delineate the mechanisms 
of delay.

Maori and Pacific Island children face barriers of health care 
access, including socioeconomic factors, which may contribute 
to both a lower incidence and higher severity of disease at JIA 
diagnosis. The differences demonstrated between European 
and Maori and Pacific Island children with poor prognostic fea-
tures at JIA diagnosis were, however, still significant when cor-
rected for social deprivation, which demonstrates an ethnicity 
effect independent of SES. Therefore, other ethnic- specific fac-
tors, including genetic variability, may contribute to prognostic 
features at JIA diagnosis.

Multiple risk loci for JIA have been identified by candi-
date gene approaches and genetic studies; however, there are 
many complicating factors when searching for casual variants. 
Recently whole- genome sequencing has found new genetic 
variations and identified epigenetic landscapes surrounding the 
genetic mutations that may provide information regarding JIA 
disease mechanism (21).

There were a number of limitations to this study, including 
its retrospective nature and potential confounders. This study 
may have underestimated the incidence and prevalence of 
JIA, which is likely much higher if reviewed on a population- 

wide basis. Although almost all pediatric care is provided 
in the public hospitals in New Zealand, it is possible that a 
small number of young people with JIA may have been seen 
exclusively in private practice. However, an accessible public 
service combined with a single national private clinician who 
referred all patients with JIA to the public service significantly 
limits the number of children with JIA who may not have 
been captured by this review. Auckland, although ethnically 
diverse, does not have the highest ratio of Maori population 
compared to other parts of New Zealand such as Gisborne, 
where almost 50% of the population is Maori. Therefore, it is 
possible that our study may have underestimated some of 
the differences between Maori and European children.

In summary, we have established the current overall and 
ethnic incidence of JIA in a New Zealand cohort. We estab-
lished ethnic differences regarding poor prognostic features at 
presentation between European and Maori and Pacific Island 
children. While environmental factors play a role in these differ-
ences, genetic comparisons are particularly important espe-
cially among individual ethnic groups. Future studies targeting 
the genetic basis for the disease may provide further important 
information.
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Table 3. Oligoarticular/polyarticular JIA and poor prognostic features at diagnosis*

Total Asian Maori Pacific European

Maori or Pacific vs. 
European, OR  

(95% CI); P

Total 109/132 (83) 19/109 (17) 25/109 (23) 16/109 (15) 48/109 (45) –
Hip† 18/182 (10) 3/27 (11) 3/21 (14) 3/11 (27) 8/120 (7) 3.2 (1.0–10); 0.08
Cervical spine† 23/182 (13) 4/27 (15) 6/21 (29) 2/11 (18) 11/120 (9) 3.3 (1.2–9.1); 0.03
Erosion† 18/182 (10) 1/27 (4) 4/21 (19) 3/11 (27) 10/120 (8) 3.1 (1.1–8.9); 0.05
Joint space narrowing† 8/182 (4) 2/27 (7) 3/21 (14) 1/11 (9) 2/120 (2) 8.4 (1.5–48); 0.02
Ankle, marked or prolonged 

inflammatory marker 
elevation‡

10/117 (9) 2/16 (13) 2/10 (20) 0/5 (0) 6/83 (7) 2.0 (0.4–11); 0.60

Wrist, marked or prolonged 
inflammatory marker 
elevation‡

2/117 (2) 0/16 (0) 1/10 (10) 0/5 (0) 1/83 (1) 5.9 (0.3–99); 0.28

RF+ § 17/65 (26) 4/11 (36) 4/11 (36) 4/6 (67) 5/37 (14) 5.7 (1.2–27); 0.01
Anti- CCP positive§ 13/65 (20) 3/11 (27) 2/11 (18) 3/6 (50) 5/37 (14) 2.7 (0.5–14); 0.26
Average no. poor prognostic 

features/child, mean ± SD
0.60 ± 0.9 0.70 ± 0.8 1.19 ± 1.2 1.45 ± 1.6 0.40 ± 0.7 <0.0001

* Values are the number of patients with oligoarticular and polyarticular juvenile idiopathic arthritis (JIA) with poor prognosis feature divided 
by the applicable number or patients (%), unless indicated otherwise. OR = odds ratio; 95% CI = 95% confidence interval; RF+ = rheumatoid 
factor positive; Anti- CCP = anti–cyclic citrullinated peptide. 
† Oligoarticular and polyarticular JIA. 
‡ Oligoarticular JIA. 
§ Polyarticular JIA. 
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Left Ventricular Systolic Myocardial Function in Ankylosing 
Spondylitis
Helga Midtbø,1 Anne G. Semb,2 Knut Matre,3 Silvia Rollefstad,2 Inger J. Berg,2 and Eva Gerdts3

Objective. Subclinical left ventricular (LV) myocardial dysfunction is associated with an increased risk of 
 cardiovascular disease (CVD), but it is not known whether subclinical LV myocardial dysfunction is present in patients 
with ankylosing spondylitis (AS) independent of CVD risk factors.

Methods. Conventional and speckle tracking echocardiography were performed in 106 patients with AS (mean ± 
SD age 48 ± 12 years; 59% men) and 106 matched controls (mean ± SD age 51 ± 12 years; 59% men). LV systolic 
myocardial function was assessed by peak systolic global longitudinal strain (GLS).

Results. CVD risk factors were similarly distributed in patients with AS and controls, but more controls received 
statin therapy (P = 0.05). GLS was significantly lower in patients with AS compared to controls (mean ± SD −17.7 ± 
2.5% versus −18.4 ± 2.3%; P = 0.03). In univariable linear regression analyses in the total study population, lower 
GLS was associated with having AS, male sex, higher body mass index, higher LV mass index, and lower LV ejection 
fraction (all P < 0.05). Having AS retained an independent association with lower GLS when adjusted for these fac-
tors in multivariable analyses (β = 0.16, P = 0.02). In patients with AS, lower GLS was independently associated with 
larger aortic root diameter in multivariable analyses (β = 0.24, P = 0.02), while no association with AS disease activity, 
 disease duration, or use of antirheumatic medication was observed.

Conclusion. Patients with AS had lower GLS compared with controls, independent of confounders. In AS 
 patients, lower GLS was associated with larger aortic root diameter. Prospective studies should test whether lower 
GLS  contributes to the observed higher CVD risk in patients with AS.

INTRODUCTION

Ankylosing spondylitis (AS) is an inflammatory joint disease 
primarily affecting the sacroiliac joints and the spine. Cardiac 
involvement in AS has been known for a long time, in particular 
alterations of the aortic root geometry and aortic valve dysfunc-
tion (1–3). As in other inflammatory joint diseases, there is an 
increased risk of premature atherosclerosis in AS (4,5). However, 
the risk of myocardial infarction has been shown to be only one- 
half as high in AS patients compared to that observed in patients 
with rheumatoid arthritis (RA) (4,6). Cardiovascular disease (CVD) 
risk factors, such as hypertension, diabetes mellitus, and meta-
bolic syndrome, are prevalent in patients with AS (7,8) and have 
been suggested to largely explain the increased risk of CVD in 
such patients (6). However, it is well known that the presence of 
subclinical cardiac dysfunction such as left ventricular (LV) myocar-
dial dysfunction, as measured by global longitudinal strain (GLS), 

 predicts increased CVD risk independent of risk factors in unse-
lected cardiac  populations (9,10). Furthermore, GLS has been 
shown to outperform traditional measures of LV systolic function 
(e.g., ejection fraction) in the prediction of all- cause mortality and 
of a composite of CVD mortality, heart failure hospitalization, and 
malignant arrhythmias (9,10). Low GLS has also been shown to 
predict CVD events such as myocardial infarction, ischemic stroke, 
and CVD- related death in a population- based cohort (11). Assess-
ment of GLS in clinical practice is now recommended by guidelines 
(12), since detection of low GLS is associated with increased CVD 
mortality and morbidity, irrespective of a normal ejection fraction 
and prevalent traditional CVD risk factors (11).

A recent study in patients with AS demonstrated that 
increased disease severity assessed by the modified Stoke 
Ankylosing Spondylitis Spine Score was associated with 
reduced GLS (13). However, important confounders of reduced 
GLS, such as hypertension and LV hypertrophy, were uncom-
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mon in this Chinese study population, which is suggestive of the 
need for additional studies. The aim of the present substudy was 
to provide further information on presence and confounders of 
subclinical LV systolic myocardial function measured by GLS in 
patients with AS.

MATERIALS AND METHODS

Study population. Patients with AS were recruited from 
an established cohort at the Department of Rheumatology of 
 Diakonhjemmet Hospital in Oslo, Norway, as previously described 
(14–16). All patients were diagnosed according to the modified 
New York criteria (17). A total of 257 patients were invited, and the 
response rate was 62% (159 patients). For the present substudy, 17 
patients were excluded due to established CVD (defined as previous 
cardiac surgery or intervention, angina pectoris, myocardial infarc-
tion, cerebral infarction, transitory ischemic attack, or intermittent 
claudication), and an additional 36 patients were excluded because 
of insufficient quality of the echocardiographic images for speckle 
tracking echocardiography (STE) to be performed. Thus, a total of 
106 patients with AS were eligible for the present STE substudy.

Control subjects. Statistics Norway randomly selected 
control subjects stratified for age, sex, and residential area to 
the patients with AS. The only exclusion criterion was having 
an inflammatory joint disease. The response rate was 40% 
among the invited control subjects (329 invited, 132 agreed 
to participate). Among these, 6 patients with established CVD 
were excluded, and an additional 20 were excluded because of 
insufficient echocardiographic quality for performance of STE, 
leaving 106 control subjects eligible for the present substudy.

All participants signed informed consent in accordance with 
the Declaration of Helsinki. The study protocol was approved by 
the South- Eastern Norwegian Regional Committee for Medical 
and Health Research Ethics.

AS disease characteristics. The disease duration was 
defined from the onset of symptoms, as recommended (18). 
AS disease activity was assessed by the Ankylosing Spondyli-

tis Disease Activity Score using the C- reactive protein (ASDAS- 
CRP) level (19), and the Bath Ankylosing Disease Activity Index 
 (BASDAI) (20). Functional limitation was assessed by the Bath 
Ankylosing Spondylitis Functional Index (BASFI) (21), and HLA–
B27 status was obtained from medical records.

Assessment of CVD risk factors. Participant medical 
history, smoking status, and current medication were collected 
on a standardized questionnaire. Quality assurance of the infor-
mation was provided by the consultant cardiologist (AGS) during 
the outpatient consultation.

Brachial blood pressure was measured using an Omron 
M7 apparatus. As recommended in the joint European Soci-
ety of Hypertension/European Society of Cardiology guidelines 
for management of hypertension, the average of the last 2 
measurements was reported as the clinic blood pressure (22). 
Hypertension was defined as a history of hypertension, use of 
antihypertensive medication, or elevated blood pressure (office 
systolic blood pressure ≥140 mm Hg and/or office diastolic 
blood pressure ≥90 mm Hg).

Obesity was defined as a body mass index ≥30 kg/m2. Met-
abolic syndrome was defined according to The American Heart 
Association/National Heart, Lung, and Blood Institute criteria 
(23), if at least 3 of 5 criteria were present, including waist cir-
cumference ≥88 cm in women and ≥102 cm in men, triglycer-
ides >150 mg/dl, high- density lipoprotein (HDL) cholesterol <50 
mg/dl in women and <40 mg/dl in men, systolic blood pres-
sure ≥130 mm Hg and/or diastolic blood pressure ≥85 mm Hg 
and/or treatment with antihypertensives, fasting blood glucose  
>100 mg/dl and/or antidiabetic treatment. Hypercholesterolemia 
was defined as low- density lipoprotein (LDL) cholesterol ≥190 
mg/dl or statin treatment (24).

Laboratory measurements. Triglycerides, HDL choles-
terol, and CRP levels were analyzed in fasting blood samples 
with a Cobas 6000 machine (Roche Diagnostics). LDL choles-
terol was calculated using the Friedewald formula (25).

Echocardiography. Standardized transthoracic echo-
cardiography was performed at the Preventive Cardio- 
Rheuma clinic in the Department of Rheumatology at 
Diakonhjemmet Hospital in 2008–2010 using a Vivid 7 ultra-
sound scanner (General Electric). All echocardiograms were 
stored digitally and transferred for expert analysis at the Echo-
cardiography Core Laboratory at the University of Bergen,  
Bergen, Norway. Images were analyzed offline on dedicated 
workstations equipped with Image Arena software, version 
4.4 (TomTec Imaging Systems). The digitally stored echo-
cardiograms were all analyzed by the same reader (HM) and 
later proofread by the same highly experienced reader (EG). 
Readers were blinded to the presence or absence of AS. 
Conventional quantitative echocardiography was performed 

SIGNIFICANCE & INNOVATIONS
• Patients with ankylosing spondylitis (AS) had  lower 

left ventricular (LV) systolic myocardial function 
compared to controls, independent of cardiovascu-
lar risk factors. 

• Lower LV systolic myocardial function was associ-
ated with a larger aortic root diameter in patients 
with AS, but not with disease activity, disease dura-
tion, or treatment with antirheumatic medications.

• The results of the present substudy may help ex-
plain the increased risk of cardiovascular disease in 
 patients with AS.
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in accordance with the joint guidelines from the European 
Association of Cardiovascular Imaging and American Society 
of Echocardiography (12). LV mass was indexed for height in 
the allometric power of 2.7 (height2.7) (26). Aortic root diam-
eter was measured as inner diameter in end- diastole at the 
sinus of Valsalva (27). LV systolic function was estimated by 
ejection fraction using biplane Simpson’s method. Diastolic 
function was evaluated by the ratio of early transmitral–filling 
rate: late–filling rate (A), and pulsed Doppler tissue imaging at 
the septal mitral annulus in 4- chamber view for calculation of 
the ratio between early transmitral–filling rate and early septal 
mitral annulus velocity (eʹ, E/eʹ ratio) (28).

LV systolic myocardial function was analyzed by STE 
with EchoPAC BT113 software (Vingmed ultrasound, General 
Electric) and automated function imaging. Since the patients/
controls with known CVD or regional wall motion abnormal-
ities were excluded, longitudinal strain from the 4- chamber 
and apical long- axis view was considered representative for 

the whole LV (29). The cardiac cycle with the best image qual-
ity was selected for the analyses. End- systole was defined by 
aortic valve closure visualized in the apical long- axis view. The 
endocardial border was traced automatically, and the region 
of interest was adjusted to include the entire LV myocardium, 
but avoid the pericardium. The software then automatically 
tracked the movement of speckles from frame to frame. Qual-
ity of tracking was assessed visually and if the tracking was 
poor, the segment with poor tracking was excluded. Peak 
systolic longitudinal strain was reported in the 4- chamber and 
apical long- axis view, and the average value was reported as 
GLS. GLS measures LV deformation during systole. GLS is a 
negative percentage value, since the LV length shortens dur-
ing contraction in the apical views. Therefore, less negative 
GLS indicates lower LV systolic myocardial function (29).

All STE measurements were performed in 2017 by the 
same researcher (HM). Intraobserver variability was assessed in 
30 randomly selected patients by repeated measurements on 

Table 1. Clinical characteristics and CVD risk factors in the study populations*

AS patients 
(n = 106)

Controls 
(n = 106) P

Age, mean ± SD years 48.0 ± 12.2 51.1 ± 11.5 0.06
Men 63 (59) 63 (59) 1.0
CVD risk factors

Hypertension 32 (30) 38 (36) 0.38
Current smoking 17 (16) 24 (23) 0.22
Diabetes mellitus 4 (4) 2 (2) 0.41
BMI, mean ± SD kg/m2 24.7 ± 3.2 25.1 ± 3.5 0.41
Obesity 5 (5) 11 (10) 0.12
Metabolic syndrome 11 (12) 10 (10) 0.67
Hypercholesterolemia 8 (8) 14 (13) 0.25
CRP, median (IQR) mg/liter 3.0 (1.0, 8.5) 1.0 (1.0, 2.0) <0.001

Medication
Antihypertensive 18 (17) 16 (15) 0.71
Statin therapy 3 (3) 10 (9) 0.05
Prednisolone 9 (9) 2 (2) 0.03
DMARDs 16 (15) 0 (0) <0.001
NSAIDs 69 (65) 14 (13) <0.001
TNF inhibitor 21 (20) 0 (0) <0.001

AS- specific characteristics
Disease duration, mean ± SD years 22 ± 11 NA NA
HLA–B27 positive 83 (93) NA NA
ASDAS, mean ± SD 2.2 ± 1.0 NA NA
BASDAI score, mean ± SD 3.6 ± 1.9 NA NA
BASFI score, mean ± SD 2.3 ± 2.1 NA NA

* Values are the number (%) unless indicated otherwise. CVD = cardiovascular disease; AS = 
ankylosing spondylitis; BMI = body mass index; CRP = C- reactive protein; IQR = interquartile 
range; DMARDs = disease- modifying antirheumatic drugs; NSAIDs = nonsteroidal antiinflamma-
tory drugs; TNF = tumor necrosis factor; NA = not applicable; ASDAS = Ankylosing Spondylitis 
Disease Activity Score; BASDAI = Bath Ankylosing Disease Activity Index; BASFI = Bath Ankylosing 
Spondylitis Functional Index. 
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the same cine loop as the original measurements. Mean ± SD 
frame rate was 76 ± 7 frames/second.

Statistical analysis. The statistical analyses were per-
formed using IBM SPSS statistics, version 23.0. Continuous 
data are expressed as the mean ± SD for normally distributed 
variables, and median and interquartile range for non- normally 
distributed variables. Categorical variables are presented as 
percentages and numbers. CRP level was non- normally dis-
tributed, and was therefore log transformed before compari-
son. Group comparisons were done using the chi- square test 
or Student’s 2- sample t- test, as appropriate. Univariable asso-
ciations of GLS were assessed with linear regression models, 
and results were reported as standardized beta coefficients 
and P values. Multivariable linear regression analyses were run 
with an enter method and collinearity tools, and results were 
reported as multiple R2 for the models, and standardized beta 
coefficients and P values for the individual variables. Repro-
ducibility of GLS measurement was assessed by the intraclass 
correlation coefficient. Two- tailed P values less than 0.05 were 
considered significant.

RESULTS

Clinical characteristics and CVD risk factors. The CVD 
risk factor burden was equally distributed between patients with 
AS and controls, but more controls received statin therapy (P = 
0.05) (Table 1). Hypertension was the most prevalent CVD risk fac-
tor and was present in 30% of patients with AS and 36% of con-

trol subjects (P = 0.38) (Table 1). As expected, CRP levels were 
higher in patients with AS than controls (Table 1). Disease  duration 
was long, at an average of 22 years in the patients with AS. Mean 
disease activity was moderate to high based on the mean ± SD 
ASDAS and BASDAI scores, and the functional capacity was 

good based on the mean ± SD BASFI score (Table 1).

LV myocardial function. Echocardiographic characteris-
tics of patients with AS and controls are shown in Table 2. Nota-
bly, the prevalence of valvular regurgitation was similar between 
groups, and none of the patients with AS or controls had more 
than mild- moderate regurgitation. Mean LV ejection fraction was 
normal both in patients with AS and controls (Table 2). However, 
GLS was significantly lower in AS patients compared to controls 
(P = 0.03) (Table 2 and Figure 1). When excluding the 21 patients 
with AS who were treated with tumor necrosis factor alpha- 
inhibitors from the analyses, GLS still remained lower in patients 
with AS versus controls (mean ± SD −17.8 ± 2.3 versus −18.4 

Table 2. Echocardiographic parameters in the study population*

AS patients 
(n = 106)

Controls 
(n = 106) P

Conventional echocardiography
LV end- diastolic diameter, cm 4.94 ± 0.55 4.88 ± 0.52 0.35
Interventricular septum thickness at  

end- diastole, cm
0.97 ± 0.21 0.95 ± 0.18 0.29

LV mass index, gm/m2.7† 35.8 ± 9.7 34.1 ± 10.2 0.22
Aortic root diameter, cm 3.2 ± 0.4 3.1 ± 0.4 0.44
Aortic regurgitation (any), no. (%) 16 (15) 17 (16) 0.85
Mitral regurgitation (any), no. (%) 52 (49) 53 (50) 0.89
Ejection fraction, % 66 ± 6 67 ± 5 0.05

Diastolic function
E/A ratio 1.4 ± 0.4 1.4 ± 0.5 0.43
Septal e′, cm/second 8.3 ± 2.6 8.4 ± 2.4 0.72
E/e′ 8.3 ± 3.2 8.1 ± 2.7 0.63
Speckle tracking echocardiography,  

GLS, %
–17.7 ± 2.5 –18.4 ± 2.3 0.03

* Values are the mean ± SD unless indicated otherwise. AS = ankylosing spondylitis; LV = left ven-
tricular; E/A = early/atrial transmitral peak velocities; e′ = early septal mitral annular velocity; E/e′ = 
early transmitral peak velocity/ early septal mitral annular velocity; GLS = global longitudinal strain. 
† LV mass as LV mass indexed for height in the allometric power of 2.7 (height2.7). 

Figure  1. Left ventricular systolic function in patients with 
ankylosing spondylitis (AS) and controls. A, Ejection fraction. B, 
Global longitudinal strain. * = P < 0.05.
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± 2.3; P = 0.05). The reproducibility of GLS measurements was 
excellent (intraclass correlation coefficient 0.95 [95% confidence 

interval 0.80–0.98]).

Covariables of GLS. In the total study population, lower 
GLS was associated with having AS, male sex, higher body mass 
index, higher LV mass index and larger aortic root diameter, and 
with lower LV ejection fraction (all P < 0.05) (Table 3). When ana-
lyzing patients with AS and controls separately, larger aortic root 
diameter was only associated with lower GLS in the patients 
with AS (β = 0.32, P = 0.001) and not in the control group (β = 

0.10, P = 0.32). Having AS remained independently associated 
with lower GLS after adjustment for covariables in multivariable 

 analyses (β = 0.16, P = 0.02) (Table 4).
Among the patients with AS, male sex, larger aortic root diam-

eter, and higher LV mass index emerged as the strongest covar-
iables of lower GLS in univariable analyses (P < 0.05) (Table 3). 
AS–specific factors, such as the use of prednisolone, tumor necro-
sis factor inhibitors, synthetic disease- modifying antirheumatic 
drugs or nonsteroidal antiinflammatory drugs, disease duration, 
ASDAS, and BASDAI and BASFI scores were not associated with 
lower GLS in  univariable analyses (Table 3). In multivariable analysis 

Table 3. Univariable associations of GLS with CVD risk factors, medication, echocardiographic parameters, 
and AS–specific characteristics*

Total study population 
(n = 212)

AS patients 
(n = 106)

β P β P

Having AS 0.15 0.03 NA NA
Age, years −0.11 0.11 −0.07 0.48
Men 0.22 0.002 0.23 0.02
CVD risk factors

Hypertension 0.01 0.96 0.01 0.96
Smoking −0.04 0.53 −0.09 0.34
Body mass index, kg/m2 0.16 0.02 0.17 0.08
Metabolic syndrome 0.13 0.07 0.11 0.27
Hypercholesterolemia 0.05 0.52 0.02 0.87
Log- transformed CRP, mg/liter 0.13 0.06 0.09 0.35

Medication
Antihypertensive 0.12 0.09 0.05 0.65
Statin therapy 0.12 0.08 0.14 0.16
NSAIDs 0.05 0.51 −0.02 0.84
Prednisolone −0.01 0.87 −0.01 0.89
DMARDs NA NA 0.14 0.15
TNF inhibitor NA NA 0.06 0.53

Echocardiographic parameters
Aortic root diameter, cm 0.21 0.002 0.32 0.001
Aortic regurgitation −0.08 0.23 −0.18 0.23
LV mass index, gm/m2.7† 0.19 0.005 0.23 0.02
Ejection fraction, % −0.16 0.02 −0.16 0.11
Septal e′, cm/second −0.14 0.04 −0.19 0.06
E/e′ 0.03 0.68 0.06 0.55

AS- specific characteristics
Disease duration, years NA NA −0.03 0.79
HLA–B27 positive NA NA −0.05 0.66
ASDAS NA NA 0.06 0.55
BASDAI score NA NA 0.06 0.58
BASFI score NA NA 0.05 0.62
Uveitis NA NA 0.02 0.81

* GLS = global longitudinal strain; LV = left ventricular; e′ = early septal mitral annular velocity; E/e′ = early 
transmitral peak velocity/ early septal mitral annular velocity (See Table 1 for other definitions). 
† LV mass as LV mass indexed for height in the allometric power of 2.7 (height2.7). 
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among patients with AS, lower GLS was independently associated 
with larger aortic root diameter independent of confounders (β 
0.24, P = 0.02) (Table 4).

DISCUSSION

The present substudy demonstrates that patients with AS in 
whom CVD is unknown have lower LV systolic myocardial function 
than controls, as measured by GLS both in univariable analysis, 
and after adjustment for CVD risk factors and other confounders 
in multivariable analyses. Lower LV systolic myocardial function 
was associated with larger aortic root diameter in patients with 
AS, but not with AS disease activity or AS specific medication.

In the present study, the lower GLS found among patients 
with AS is in line with previous studies reporting subclini-
cal myocardial dysfunction in other inflammatory joint dis-
eases (30,31). In patients with AS, few previous studies have 
assessed GLS (13,32). In the study by Chen et al (13), which 
included 104 Chinese patients with axial spondylitis, GLS was 
lower in patients with AS compared to controls. However, only 
79% of patients in the study had radiologically verified AS, 
and the prevalence of hypertension and hypercholesterolemia 
was low (13). A small Turkish study that included a cohort of 
26 patients with AS also found lower GLS in patients with 
AS compared to controls (32). However, that study did not 
include multivariable analyses, due to limited statistical power 
(32). Taken together, the present substudy expands previous 
knowledge regarding subclinical myocardial dysfunction in AS 
by showing that lower GLS persists among patients with AS 
also in populations with a high prevalence of CVD risk factors, 
including hypertension and metabolic syndrome. Lower GLS 
is an independent risk factor for development of CVD, even 
in patients with normal ejection fraction (11), and the current 
results indicate that particular attention should be given to 
CVD risk screening in patients with AS.

Notably, having AS was associated with lower GLS inde-
pendent of LV mass index in the present substudy. Higher LV 
mass index has previously been associated with increased focal 
cardiac fibrosis and reduced LV function in the general popula-
tion (33). The gold standard method for detection of focal car-
diac fibrosis is late gadolinium enhancement cardiac magnetic 
resonance imaging, but it has been demonstrated that GLS is 
a sensitive surrogate marker of focal myocardial fibrosis in car-
diac magnetic resonance studies in patients with cardiomyo-
pathies (34). A small exploratory study by Biesbroek et al (35), 
which used cardiac magnetic resonance in 14 patients with AS, 
demonstrated that 21% of AS patients had presence of late 
gadolinium enhancement, which was indicative of focal cardiac 
fibrosis. Further, fibrosis was not present in an ischemic pattern, 
but was localized in the midwall; this is a pattern of myocardial 
fibrosis that is also seen in other inflammatory diseases (36). 
In addition, larger myocardial extracellular volume, a marker of 
diffuse cardiac fibrosis, correlated with higher CRP level, sug-
gesting that cardiac fibrosis occurred as a consequence of 
AS disease activity (35). Similar results were shown in a study 
by Kobayashi et  al (37) of 60 patients with RA, in which the 
presence of late gadolinium enhancement by cardiac magnetic 
resonance imaging was associated with increased inflamma-
tory disease activity (37). We have previously demonstrated 
that higher disease activity in patients with RA was associated 
with lower GLS (30). In contrast, we did not find an association 
between GLS and CRP level or AS disease activity in the pres-
ent substudy.

In patients with AS, the strongest covariable of lower GLS 
in multivariable analyses was larger aortic root diameter. A similar 
association was not found in the control group. Pathophysiologic 
aortic root involvement with dilatation and thickening has been 
recognized in patients with AS for a long time (1), but the cause 
of aortic root abnormalities in AS is unknown. Further research is 
needed to better characterize the association between aortic root 
diameter and LV systolic myocardial function.

Some study limitations should be mentioned. The cross- 
sectional study design was unsuited to claim any causality 
between having AS and lower GLS. The current substudy did 
not have sufficient statistical power to compare GLS among 
subgroups of patients with AS. The low participation rate among 
the invited controls could have introduced a selection bias. How-
ever, a strength of the study is that we used a core laboratory for 
advanced imaging analysis, as recommended (38).

In conclusion, patients with AS had lower LV systolic myo-
cardial function assessed by GLS than controls, independent of 
CVD risk factors, ejection fraction, and LV mass index. Lower 
GLS was particularly associated with larger aortic root diameter 
in patients with AS. The current results add to findings in previous 
studies on increased prevalence of subclinical cardiac disease in 
patients with AS, which may contribute to the increased CVD risk 
observed in such patients.

Table 4. Multivariable linear regression analyses of GLS*

Total study 
population 
(n = 212)†

AS patients 
(n = 106)‡

β P β P

Having AS 0.16 0.02 – –
Receipt of statin 0.12 0.09 – –
Body mass index, kg/m2 0.10 0.18 – –
Men 0.14 0.04 0.09 0.39
Ejection fraction −0.13 0.06 −0.12 0.22
LV mass index, gm/m2.7 0.07 0.40 0.11 0.28
Aortic root diameter, cm – – 0.24 0.002

* GLS = global longitudinal strain; AS = ankylosing spondylitis;  
LV = left ventricular. 
† Multiple R2 = 0.12, P = 0.001. 
‡ Multiple R2 = 0.14, P = 0.004. 



MIDTBØ ET AL 1282       |

AUTHOR CONTRIBUTIONS

All authors were involved in drafting the article or revising it critically 
for important intellectual content, and all authors approved the final version 
to be published. Dr. Midtbø had full access to all of the data in the study 
and takes responsibility for the integrity of the data and the accuracy of 
the data analysis.
Study conception and design. Midtbø, Semb, Matre, Rollefstad, Berg, 
Gerdts.
Acquisition of data. Midtbø, Semb, Matre, Rollefstad, Berg,Gerdts.
Analysis and interpretation of data. Midtbø, Semb, Matre, Rollefstad, 
Berg, Gerdts.

REFERENCES
 1. Roldan CA, Chavez J, Wiest PW, Qualls CR, Crawford MH. Aortic 

root disease and valve disease associated with ankylosing spondyli-
tis. J Am Coll Cardiol 1998;32:1397–404.

 2. Klingberg E, Sveälv BG, Täng MS, Bech-Hanssen O, Forsblad-d’Elia 
H, Bergfeldt L. Aortic regurgitation is common in ankylosing spondylitis: 
time for routine echocardiography evaluation? Am J Med 2015;128: 
1244–50.

 3. Midtbø H, Gerdts E, Berg IJ, Rollefstad S, Jonsson R, Semb AG. 
Ankylosing spondylitis is associated with increased prevalence of left 
ventricular hypertrophy. J Rheumatol 2018;45:1249–55.

 4. Eriksson JK, Jacobsson L, Bengtsson K, Askling J. Is ankylosing 
spondylitis a risk factor for cardiovascular disease, and how do these 
risks compare with those in rheumatoid arthritis? Ann Rheum Dis 
2017;76:364–70.

 5. Wright KA, Crowson CS, Michet CJ, Matteson EL. Time trends in 
incidence, clinical features, and cardiovascular disease in ankylosing 
spondylitis over three decades: a population- based study. Arthritis 
Care Res (Hoboken) 2015;67:836–41.

 6. Schieir O, Tosevski C, Glazier RH, Hogg-Johnson S, Badley EM. 
Incident myocardial infarction associated with major types of arthritis 
in the general population: a systematic review and meta- analysis. 
Ann Rheum Dis 2017;76:1396–404.

 7. Han C, Robinson DW, Hackett MV, Paramore LC, Fraeman KH, 
Bala MV. Cardiovascular disease and risk factors in patients with 
rheumatoid arthritis, psoriatic arthritis, and ankylosing spondylitis. J 
 Rheumatol 2006;33:2167–72.

 8. Mathieu S, Gossec L, Dougados M, Soubrier M. Cardiovascular pro-
file in ankylosing spondylitis: a systematic review and meta- analysis. 
Arthritis Care Res (Hoboken) 2011;63:557–63.

 9. Stanton T, Leano R, Marwick TH. Prediction of all- cause  mortality from 
global longitudinal speckle strain: comparison with ejection  fraction 
and wall motion scoring. Circ Cardiovasc Imaging 2009;2:356–64.

 10. Kalam K, Otahal P, Marwick TH. Prognostic implications of global LV 
dysfunction: a systematic review and meta- analysis of global longi-
tudinal strain and ejection fraction. Heart 2014;100:1673–80.

 11. Russo C, Jin Z, Elkind MS, Rundek T, Homma S, Sacco RL, et al. 
Prevalence and prognostic value of subclinical left ventricular sys-
tolic dysfunction by global longitudinal strain in a community- based 
 cohort. Eur J Heart Fail 2014;16:1301–9.

 12. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande 
L, et al. Recommendations for cardiac chamber quantification by 
echocardiography in adults: an update from the American Society of 
Echocardiography and the European Association of Cardiovascular 
Imaging. Eur Heart J Cardiovasc Imaging 2015;16:233–70.

 13. Chen Y, Chung HY, Zhao CT, Wong A, Zhen Z, Tsang HH, et al. 
Left ventricular myocardial dysfunction and premature atheroscle-
rosis in patients with axial spondyloarthritis. Rheumatology (Oxford) 
2015;54:292–301.

 14. Berg IJ, van der Heijde D, Dagfinrud H, Seljeflot I, Olsen IC, Kvien TK, 
et al. Disease activity in ankylosing spondylitis and associations to 
markers of vascular pathology and traditional cardiovascular disease 
risk factors: a cross- sectional study. J Rheumatol 2015;42:645–53.

 15. Berg IJ, Semb AG, van der Heijde D, Kvien TK, Hisdal J, Olsen IC, 
et al. Uveitis is associated with hypertension and atherosclerosis in 
patients with ankylosing spondylitis: a cross- sectional study. Semin 
Arthritis Rheum 2014;44:309–13.

 16. Berg IJ, Semb AG, van der Heijde D, Kvien TK, Olsen IC, Dagfinrud 
H, et al. CRP and ASDAS are associated with future elevated arterial 
stiffness, a risk marker of cardiovascular disease, in patients with 
ankylosing spondylitis: results after 5- year follow- up. Ann Rheum Dis 
2015;74:1562–6.

 17. Van der Linden S, Valkenburg HA, Cats A. Evaluation of diagnostic 
criteria for ankylosing spondylitis: a proposal for modification of the 
New York criteria. Arthritis Rheum 1984;27:361–8.

 18. Feldtkeller E, Erlendsson J. Definition of disease duration in ankylos-
ing spondylitis. Rheumatol Int 2008;28:693–6.

 19. Van der Heijde D, Lie E, Kvien TK, Sieper J, Van den Bosch F,  Listing 
J, et al. ASDAS, a highly discriminatory ASAS- endorsed disease ac-
tivity score in patients with ankylosing spondylitis. Ann Rheum Dis 
2009;68:1811–8.

 20. Garrett S, Jenkinson T, Kennedy LG, Whitelock H, Gaisford P, Calin 
A. A new approach to defining disease status in ankylosing spondy-
litis: the Bath Ankylosing Spondylitis Disease Activity Index. J Rheu-
matol 1994;21:2286–91.

 21. Calin A, Garrett S, Whitelock H, Kennedy LG, O’Hea J, Mallorie 
P, et  al. A new approach to defining functional ability in ankylos-
ing spondylitis: the development of the Bath Ankylosing Spondylitis 
Functional Index. J Rheumatol 1994;21:2281–5.

 22. Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, Böhm 
M, et al. 2013 ESH/ESC guidelines for the management of arterial 
hypertension. Blood Press 2013;22:193–278.

 23. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin 
BA, et al. Diagnosis and management of the metabolic syndrome: 
an American Heart Association/National Heart, Lung, and Blood 
 Institute Scientific Statement. Circulation 2005;112:2735–52.

 24. Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano 
AL, et al. 2016 European Guidelines on cardiovascular disease 
prevention in clinical practice: The Sixth Joint Task Force of the 
European Society of Cardiology and Other Societies on Cardio-
vascular Disease Prevention in Clinical Practice (constituted by 
representatives of 10 societies and by invited experts) developed 
with the special contribution of the European Association for 
Cardiovascular Prevention & Rehabilitation (EACPR). Eur Heart J 
2016;37:2315–81.

 25. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concen-
tration of low- density lipoprotein cholesterol in plasma, without use 
of the preparative ultracentrifuge. Clin Chem 1972;18:499–502.

 26. De Simone G, Daniels SR, Devereux RB, Meyer RA, Roman MJ, de 
Divitiis O, et al. Left ventricular mass and body size in normotensive 
children and adults: assessment of allometric relations and impact of 
overweight. J Am Coll Cardiol 1992;20:1251–60.

 27. Bahlmann E, Nienaber CA, Cramariuc D, Gohlke-Baerwolf C, Ray S, 
Devereux RB, et al. Aortic root geometry in aortic stenosis patients 
(a SEAS substudy). Eur J Echocardiogr 2011;12:585–90.

 28. Marwick TH, Gillebert TC, Aurigemma G, Chirinos J, Derumeaux G, 
Galderisi M, et al. Recommendations on the use of echocardiography 
in adult hypertension: a report from the European Association of Car-
diovascular Imaging (EACVI) and the American Society of Echocardi-
ography (ASE). Eur Heart J Cardiovasc Imaging 2015;16:577–605.

 29. Voigt JU, Pedrizzetti G, Lysyansky P, Marwick TH, Houle H,  Baumann 
R, et al. Definitions for a common standard for 2D speckle tracking 



MYOCARDIAL FUNCTION IN AS |      1283

echocardiography: consensus document of the EACVI/ASE/Industry 
Task Force to standardize deformation imaging. Eur Heart J Cardio-
vasc Imaging 2015;16:1–11.

 30. Midtbø H, Semb AG, Matre K, Kvien TK, Gerdts E. Disease activity is 
associated with reduced left ventricular systolic myocardial function 
in patients with rheumatoid arthritis. Ann Rheum Dis 2017;76:371–6.

 31. Ikonomidis I, Tzortzis S, Lekakis J, Paraskevaidis I, Andreadou 
I, Nikolaou M, et al. Lowering interleukin- 1 activity with anakin-
ra improves myocardial deformation in rheumatoid arthritis. Heart 
2009;95:1502–7.

 32. Ustun N, Kurt M, Nacar AB, Karateke HP, Guler H, Turhanoglu 
AD. Left ventricular systolic dysfunction in patients with ankylosing 
spondylitis without clinically overt cardiovascular disease by speck-
le tracking echocardiography. Rheumatol Int 2015;35:607–11.

 33. Ambale Venkatesh B, Volpe GJ, Donekal S, Mewton N, Liu CY, Shea 
S, et al. Association of longitudinal changes in left ventricular struc-
ture and function with myocardial fibrosis: the Multi- Ethnic Study of 
Atherosclerosis study. Hypertension 2014;64:508–15.

 34. Kramer J, Niemann M, Liu D, Hu K, Machann W, Beer M, et al. 
 Two- dimensional speckle tracking as a non- invasive tool for identi-

fication of myocardial fibrosis in Fabry disease. Eur Heart J 2013;34: 
1587–96.

 35. Biesbroek PS, Heslinga SC, Konings TC, van der Horst-Bruinsma IE, 
Hofman MB, van de Ven PM, et al. Insights into cardiac involvement 
in ankylosing spondylitis from cardiovascular magnetic resonance. 
Heart 2017;103:745–52.

 36. Ntusi NA, Piechnik SK, Francis JM, Ferreira VM, Matthews PM, 
 Robson MD, et al. Diffuse myocardial fibrosis and inflammation in 
rheumatoid arthritis: insights from CMR T1 mapping. JACC Cardio-
vasc Imaging 2015;8:526–36.

 37. Kobayashi H, Kobayashi Y, Yokoe I, Akashi Y, Takei M, Giles JT. 
Magnetic resonance imaging–detected myocardial inflammation and 
fibrosis in rheumatoid arthritis: associations with disease characteris-
tics and N- terminal pro- brain natriuretic peptide levels. Arthritis Care 
Res (Hoboken) 2017;69:1304–11.

 38. Galderisi M, Henein MY, D’Hooge J, Sicari R, Badano LP,   
Zamorano JL, et al. Recommendations of the European Associa-
tion of Echocardiography: how to use echo- Doppler in clinical tri-
als: different modalities for different purposes. Eur J Echocardiogr 
2011;12:339–53.

Erratum

In the article by Birnbaum et al in the July 2019 issue of Arthritis Care & Research (pages 936–948) an incorrect NIH 
grant number was listed in the first sentence of the footnotes. The correct sentence should have been: The Johns 
Hopkins Rheumatic Diseases Research Core Center, where the assays were performed receives support from the 
NIH (grant P30- AR- 070254).

We regret the error.

DOI 10.1002/acr.24041



MYOCARDIAL FUNCTION IN AS |      1283

echocardiography: consensus document of the EACVI/ASE/Industry 
Task Force to standardize deformation imaging. Eur Heart J Cardio-
vasc Imaging 2015;16:1–11.

 30. Midtbø H, Semb AG, Matre K, Kvien TK, Gerdts E. Disease activity is 
associated with reduced left ventricular systolic myocardial function 
in patients with rheumatoid arthritis. Ann Rheum Dis 2017;76:371–6.

 31. Ikonomidis I, Tzortzis S, Lekakis J, Paraskevaidis I, Andreadou 
I, Nikolaou M, et al. Lowering interleukin- 1 activity with anakin-
ra improves myocardial deformation in rheumatoid arthritis. Heart 
2009;95:1502–7.

 32. Ustun N, Kurt M, Nacar AB, Karateke HP, Guler H, Turhanoglu 
AD. Left ventricular systolic dysfunction in patients with ankylosing 
spondylitis without clinically overt cardiovascular disease by speck-
le tracking echocardiography. Rheumatol Int 2015;35:607–11.

 33. Ambale Venkatesh B, Volpe GJ, Donekal S, Mewton N, Liu CY, Shea 
S, et al. Association of longitudinal changes in left ventricular struc-
ture and function with myocardial fibrosis: the Multi- Ethnic Study of 
Atherosclerosis study. Hypertension 2014;64:508–15.

 34. Kramer J, Niemann M, Liu D, Hu K, Machann W, Beer M, et al. 
 Two- dimensional speckle tracking as a non- invasive tool for identi-

fication of myocardial fibrosis in Fabry disease. Eur Heart J 2013;34: 
1587–96.

 35. Biesbroek PS, Heslinga SC, Konings TC, van der Horst-Bruinsma IE, 
Hofman MB, van de Ven PM, et al. Insights into cardiac involvement 
in ankylosing spondylitis from cardiovascular magnetic resonance. 
Heart 2017;103:745–52.

 36. Ntusi NA, Piechnik SK, Francis JM, Ferreira VM, Matthews PM, 
 Robson MD, et al. Diffuse myocardial fibrosis and inflammation in 
rheumatoid arthritis: insights from CMR T1 mapping. JACC Cardio-
vasc Imaging 2015;8:526–36.

 37. Kobayashi H, Kobayashi Y, Yokoe I, Akashi Y, Takei M, Giles JT. 
Magnetic resonance imaging–detected myocardial inflammation and 
fibrosis in rheumatoid arthritis: associations with disease characteris-
tics and N- terminal pro- brain natriuretic peptide levels. Arthritis Care 
Res (Hoboken) 2017;69:1304–11.

 38. Galderisi M, Henein MY, D’Hooge J, Sicari R, Badano LP,   
Zamorano JL, et al. Recommendations of the European Associa-
tion of Echocardiography: how to use echo- Doppler in clinical tri-
als: different modalities for different purposes. Eur J Echocardiogr 
2011;12:339–53.

Erratum

In the article by Birnbaum et al in the July 2019 issue of Arthritis Care & Research (pages 936–948) an incorrect NIH 
grant number was listed in the first sentence of the footnotes. The correct sentence should have been: The Johns 
Hopkins Rheumatic Diseases Research Core Center, where the assays were performed receives support from the 
NIH (grant P30- AR- 070254).

We regret the error.

DOI 10.1002/acr.24041


	1
	2
	1151
	1154
	1164
	1171
	1178
	1186
	1194
	1202
	1209
	1216
	1224
	1234
	1243
	1249
	1255
	1264
	1270
	1276
	1283



