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Abstract

Objectives

To compare physical and mental health-related quality of life (HRQoL) across four systemic

autoimmune rheumatic diseases (SARD).

Methods

Incident subjects enrolled in four SARD cohorts, namely systemic lupus erythematosus

(SLE), systemic sclerosis (SSc), rheumatoid arthritis (RA) and idiopathic inflammatory

myopathies (IIM) were studied. The outcomes of interest were baseline Short Form Health

Survey physical (PCS) and mental (MCS) component summary scores. Multivariate analy-

sis was conducted to determine whether PCS and MCS scores differed across SARD type.

Results

The study included 118 SLE (93% women, mean age 36 years), 108 SSc (79% women,

mean age 55), 64 RA (63% women, mean age 58) and 25 IIM (68% women, mean age 49)

subjects. Mean PCS scores were 38.9 ± 12.2 in SLE, 37.1 ± 13.3 in RA, 35.0 ± 13.6 in SSc

and 28.0 ± 15.4 in IIM. Mean MCS scores were 45.0 ± 13.3 in RA, 44.4 ± 14.7 in SSc, 40.1 ±
14.3 in SLE and 33.6 ± 18.7 in IIM. SARD type was an independent predictor of HRQoL

with, in some cases, the magnitude of the differences reaching one standard deviation (IIM

worse PCS scores compared to SLE (β -12.23 [95% CI -18.11, -6.36; p<0.001]); IIM worse

MCS scores compared to SSc (β -11.05 [95% CI -17.53, -4.58; p = 0.001]) and RA (β -11.72

[95% CI -18.62, -4.81; p = 0.001]).

PLOS ONE | https://doi.org/10.1371/journal.pone.0189840 December 19, 2017 1 / 9

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPENACCESS

Citation: Greenfield J, Hudson M, Vinet E, Fortin

PR, Bykerk V, Pineau CA, et al. (2017) A

comparison of health-related quality of life

(HRQoL) across four systemic autoimmune

rheumatic diseases (SARDs). PLoS ONE 12(12):

e0189840. https://doi.org/10.1371/journal.

pone.0189840

Editor: Mahmoud Abu-Shakra, Soroka University

Medical Center, ISRAEL

Received: May 19, 2016

Accepted: December 2, 2017

Published: December 19, 2017

Copyright: © 2017 Greenfield et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the paper and its Supporting Information

Files.

Funding: This study was funded by an unrestricted

research grant from Janssen Inc. and was made

possible by an infrastructure CFI grant (22910).

The Canadian Scleroderma Research Group

(CSRG) received funds and/or gifts in kind

Canadian Institutes of Health Research (CIHR)

(grant #FRN 83518), the Scleroderma Society of

https://doi.org/10.1371/journal.pone.0189840
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0189840&domain=pdf&date_stamp=2017-12-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0189840&domain=pdf&date_stamp=2017-12-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0189840&domain=pdf&date_stamp=2017-12-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0189840&domain=pdf&date_stamp=2017-12-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0189840&domain=pdf&date_stamp=2017-12-19
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0189840&domain=pdf&date_stamp=2017-12-19
https://doi.org/10.1371/journal.pone.0189840
https://doi.org/10.1371/journal.pone.0189840
http://creativecommons.org/licenses/by/4.0/


Conclusions

Cross-SARD research provides a novel approach to gain greater understanding of com-

monalities and differences across rheumatic diseases. The differences observed warrant

further research into correlates and trajectories over time.

Introduction

Systemic autoimmune rheumatic diseases (SARDs) are chronic, systemic inflammatory diseases

characterized by autoimmunity. Individually, SARDs are not common, but collectively they

affect 5% of the population and are associated with high rates of disability, premature mortality,

and significant societal costs[1, 2].Rheumatoid arthritis (RA), systemic lupus erythematosus

(SLE), idiopathic inflammatory myopathies (IIM) and systemic sclerosis (SSc) are SARDs that

share demographic, clinical, serological, immunological and genetic features. For example,

these diseases affect women more commonly than men; common clinical features include Ray-

naud’s phenomenon, sicca syndrome, inflammatory arthritis and lung disease; antinuclear anti-

bodies [ANA] are common, T and B lymphocytes play a central role [3, 4] and a common type I

interferon signature characterizes SARDs [5]; and SARD have common genetic defects eg.

MHC class II alleles, STAT 4, PTPN22 and IRF5 loci[6, 7]. Nevertheless, there are clear disease-

specific features such as skin fibrosis in SSc, anti-CCP antibodies specific to RA and disease-spe-

cific genetic susceptibilities[8]. Research across diseases has the potential to identify mechanistic

commonalities, as well as bring to light disease-specific abnormalities.

The importance of studying health-related quality of life (HRQoL) is now widely accepted

(www.nihpromis.org). This reflects the recognition that for most chronic diseases there are no

cures and the benefits of therapy are often limited by side effects. Thus, in addition to standard

measurements of morbidity and mortality, HRQoL assessments are widely used to inform cli-

nicians, researchers, and policy-makers on issues of patient management, research priorities

and policy decisions.

Individual SARDs are relatively uncommon diseases and this has sometimes hampered

research in HRQoL in specific SARD types. Thus, although there is some evidence that HRQoL

is impaired in RA, SSc and SLE [9–11], the literature remains scant in early disease, in IIM and

across SARDs. Given the biological and clinical similarities and differences across SARDs,

research in HRQoL in SARDs could be enhanced by studying different SARDs together. Thus,

there is “power in numbers” and, in addition to traditional biomedical research, cross-disease

SARD research has the potential to be a valuable tool for patient-oriented research

We undertook this study to compare the magnitude of impairment in HRQoL among inci-

dent subjects in four SARD cohorts, and to determine whether SARD type had an independent

effect on HRQoL.

Materials and methods

Design

This was a study of cross-sectional data from SARD subjects consecutively enrolled at the time

of their diagnosis within four longitudinal SARD cohorts.

Study subjects

The study subjects were members of one of four cohorts, the Canadian Scleroderma Research

Group (CSRG) cohort, the Canadian Early Arthritis Cohort Study (CATCH) cohort followed
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at one site (Jewish General Hospital, Montreal, Canada), the McGill University Health Center

Systemic Lupus Erythematosus Cohort (MUHC SLE cohort), and the Canadian Inflammatory

Myopathy Study (CIMS) cohort. The details of these individual studies are available in the

Supporting information (S1 File). The CATCH and CIMS cohorts are incident cohorts

whereas the CSRG and MUHC SLE cohorts include incident and prevalent subjects. Thus, to

ensure that the 4 samples were comparable, only incident SSc (defined as onset of first non-

Raynaud’s disease manifestation < 1 year) and SLE (defined as time of appearance of a fourth

classification criteria for SLE < 1 year) subjects were included in this study. This study was

approved by the ethics committee of McGill University and all participating study sites. All

patients signed an informed consent to participate in longitudinal data collection and sharing

of data.

Sociodemographic variables

Sociodemographic variables (age, sex, race/ethnicity, education, smoking, employment status)

were self-reported by study subjects. Subjects were allowed to report one or more of the follow-

ing ethnicities: White, Hispanic, Black, Asian, Aboriginal, or other. Education was divided

into 3 groups (only some elementary, high school diploma, or college/trade school/university

diploma) and patients were categorized according to the highest level of schooling they com-

pleted. Smoking exposure was divided into 3 categories: never, past or current.

Disease variables

Disease duration was recorded by the study physician and defined as the time between disease

onset and baseline registry visit. The presence of Raynaud’s phenomenon, inflammatory

arthritis, interstitial lung disease and myositis, and exposure to corticosteroids and disease

modifying anti-rheumatic drugs (DMARDs), were determined using physician reports and

detailed harmonization rules to allow the variables from the 4 study cohorts to be comparable.

The presence of sicca was patient-reported in the CSRG, CIMS and CATCH cohorts (but not

available for the SLE subjects). Global assessments of disease activity and damage were

recorded by study physicians, using either numerical rating scales or visual analogue scales

ranging from 0 to 10. Of note, a physician-reported global assessment of disease damage was

not available for the CATCH subjects. Details of the study variables are provided in the Sup-

porting information (S1 File).

Outcome variables

HRQoL was measured using the Medical Outcomes Trust Short Form 36 (SF-36) or Short

Form 12 (SF-12) Physical Component Summary (PCS) and Mental Component Summary

(MCS) scores. The SF-36 consists of 36 items in 8 domains: physical functioning, social func-

tioning, role limitations related to physical problems, role limitations related to emotional

problems, mental health, vitality, bodily pain, and general health perceptions. Each domain

can be scored separately with scores ranging from 0 (worst health state) to 100 (best health

state). Domain scores can be summarized into two summary scores, the PCS and MCS, which

are normalized to a mean of 50 with a standard deviation of 10, with lower scores indicating

worse and higher scores better HRQoL. The SF-12 consists of 12 items selected from the 8

domains of the SF-36 and can also be used to generate PCS and MCS scores more efficiently.

The MUHC SLE cohort used version 1 of the SF-36 while the CSRG and CIMS cohorts used

version 2. CATCH used version 2 of the SF-12. The PCS and MCS scores of all forms of the

questionnaire have been shown to be directly comparable [12, 13].

HRQoL across SARDs
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Statistical analysis

PCS and MCS scores were normalized to Canadian age and sex means[14].Descriptive statis-

tics were used to summarize the baseline characteristics of the patients. Multivariate regression

analysis was conducted to determine whether SARD type had an independent effect on base-

line PCS and MCS, after adjusting for sociodemographic variables (age, sex, race/ethnicity and

education). All statistical analyses were performed with SAS v.9.2 (SAS Institute, USA).

Results

The study included 118 SLE, 108 SSc (49% limited, 51% diffuse), 64 RA and 25 IIM incident

subjects. There were some sociodemographic differences between the four samples (Table 1),

including SLE subjects who were younger (mean age SLE 36, IIM 49, SSc 55, and RA 58 years),

more commonly women (proportion female SLE 93%, SSc 79%, IIM 68% and RA 63%) and

less commonly white (proportion SLE 53%, IIM 68%, RA 80%, and SSc 91%). Over two thirds

Table 1. Baseline characteristics of study subjects (*RA SF-12, SLE SF-36v1, SSc and IIM SF-36v2).

RA (N = 64) SLE (N = 118) SSc (N = 108) IIM (N = 25)

Sociodemographic variables Mean or % SD or N Mean or % SD or N Mean or % SD or N Mean or % SD or N

Age, years 57.9 14.1 35.8 14.2 54.8 12.5 49.4 15.4

Female, % 62.5% 40 92.7% 109 78.7% 85 68.0% 17

Race/Ethnicity, %

White 79.7% 51 53.4% 62 90.7% 98 68.0% 17

Black 1.6% 1 18.1% 21 0.9% 1 8.0% 2

Asian 6.2% 4 14.7% 17 2.8% 3 16.0% 4

Aboriginal 1.6% 1 0.9% 1 1.9% 2 0% 0

Others 10.9% 7 12.9% 15 3.7% 4 8.0% 2

Education, %

High school or less 32.8% 21 28.4% 33 48.1% 52 52.0% 13

> High school 67.2% 43 71.6% 83 51.9% 56 48.0% 12

Full- or part-time employment, % 56.3% 36 - - 50.9% 55 32.0% 8

Smoking, %

Never 51.5% 33 60.7% 71 45.4% 49 68.0% 17

Current 9.4% 6 14.5% 17 12.0% 13 0% 0

Past 39.1% 25 24.8% 29 42.6% 46 32.0% 8

Disease variables

Disease duration, years 0.5 0.3 0.4 0.3 0.7 0.2 0.5 0.3

Inflammatory arthritis, % 100.0% 64 70.3% 83 26.9% 29 32.0% 8

Interstitial lung disease, % 0 0 2.5% 3 30.6% 33 68.0% 17

Myositis, % 0 0 3.2% 3 13.9% 15 100.0% 25

Raynaud’s phenomenon, % 3.1% 2 20.5% 24 89.8% 97 20.0% 5

Sicca, % 19.1% 12 - - 40.2% 43 44.0% 11

Global disease activity (range 0–10) 4.2 2.3 2.5 2.6 4.7 2.8 4.8 1.9

Global disease damage (range 0–10) - - 0.5 1.2 4.0 2.6 1.4 1.6

Medications variables, currently

Corticosteroids 23.4% 15 61.1% 44 27.3% 27 85.0% 17

DMARDS 37.5% 24 91.2% 104 26.5% 27 85.7% 12

Outcome variables

Physical component summary score* 37.1 13.3 38.9 12.2 35.0 13.6 28.0 15.4

Mental component summary score* 45.0 13.3 40.1 14.3 44.4 14.7 33.6 18.7

https://doi.org/10.1371/journal.pone.0189840.t001
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of the RA and SLE subjects had greater than high school education, compared to 52% of the

SSc and 48% of the IIM subjects.

There were some noteworthy differences in the presence of selected clinical features across

diseases (Table 1). In particular, by definition, all RA subjects had inflammatory arthritis.

However, extra-articular disease was generally minimal in early RA. In contrast, all IIM sub-

jects had inflammatory muscle disease but, in addition to that, inflammatory arthritis (32%),

interstitial lung disease (68%) and sicca (44%) were common. SSc subjects also had consider-

able systemic involvement (eg. inflammatory arthritis 27%, interstitial lung disease 31%,

inflammatory myositis 14%). The most striking feature in SSc, though, was the presence of at

least moderate disease damage in early disease (global disease damage 4.0±2.6 on a scale of

0–10). Inflammatory arthritis was the most common clinical feature in SLE subjects (70%).

HRQoL was significantly impaired in SARD subjects with early disease. The mean PCS

scores were lowest in IIM (28.0), representing more than 2 standard deviations below the gen-

eral population, intermediate in SSc (35.0) and RA (37.1) and highest, albeit still more than

one standard deviation below the general population, in SLE (38.9). The mean MCS was also

lowest in IIM subjects (33.6) subjects, almost 2 standard deviations below the general popula-

tion. Mental HRQoL status in early SLE was moderately impaired (40.1) and only somewhat

impaired in SSc (44.4) and RA (45.0).

Multiple linear regressions were performed to analyze whether PCS and MCS scores dif-

fered across SARD, after adjusting for sociodemographic variables (Tables 2 and 3). We found

that SARD type was an independent predictor of physical HRQoL: IIM was significantly worse

compared to SSc (β -5.78 [95% CI -11.54, -0.03; p = 0.049]), SLE (β -12.23 [95% CI -18.11,

-6.36; p<0.001]), and RA (β -7.44 [95% CI -13.57, -1.30; p = 0.018]). SLE was significantly bet-

ter compared to SSc (β 6.45 [95% CI 2.36, 10.54; p = 0.002]) and RA (β 4.80 [95% CI 0.05, 9.55;

p = 0.048]). Impairment in physical HRQoL was comparable in RA and SSc subjects.

Similarly, disease was an independent predictor of mental HRQoL: IIM subjects had signifi-

cantly lower MCS scores compared to SSc subjects (β -11.05 [CI 95% -17.53, -4.58, p = 0.001])

and to RA subjects (β -11.72 [CI 95% -18.62, -4.81; p = 0.001]). SLE subjects had significantly

lower MCS scores compared to RA subjects (β -6.54 [CI 95% -11.88, -1.19; p = 0.017]) and SSc

subjects (β -5.87 [CI 95% -10.47, -1.27; p = 0.013]). Impairment in mental HRQoL was compa-

rable in RA and SSc subjects and in IIM and SLE subjects.

Table 2. Multiple linear regression showing the effect of disease on PCS.

β 95% CI p value

Age, years 0.21 0.10 0.32 < .001

Female 3.39 -0.39 7.17 0.078

White -1.04 -4.58 2.50 0.562

Education (> high school) 1.84 -1.29 4.97 0.248

Disease

IIM vs SSc -5.78 -11.54 -0.03 0.049

IIM vs SLE -12.23 -18.11 -6.36 < .001

IIM vs RA -7.44 -13.57 -1.30 0.018

SLE vs SSc 6.45 2.36 10.54 0.002

SLE vs RA 4.80 0.05 9.55 0.048

RA vs SSc 1.65 -2.48 5.79 0.432

CI, confidence interval

https://doi.org/10.1371/journal.pone.0189840.t002
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Discussion

Among incident SARD subjects, we found that disease was an independent predictor of

HRQoL, with IIM subjects having the worst physical and mental HRQoL status at disease

onset, SSc and RA subjects having considerably impaired physical but not mental HRQoL and

SLE subjects having moderate impairment in both physical and mental HRQoL. In addition,

developers of the SF-36 have recommended a 3-point threshold for a minimal important dif-

ference (MID) in PCS and MCS across groups of medical conditions[15]. Most of the differ-

ences between SARD-type in this study were well above this threshold. Thus, the differences

between diseases were not only statistically but also clinically significant.

HRQoL is known to be considerably impaired in SARDs [9–11, 16]. However, there is a

paucity of data in incident disease. Few studies have reported SF-36 PCS and MCS scores in

early RA, with generally small samples (N = 50–78) and low study quality [11, 17–19]. Not sur-

prisingly, results have been widely divergent (PCS ranging from 25.6–37.3 and MCS ranging

from 29.5–52.7). Recently, SF-36 PCS and MCS scores in an international (North America,

Europe, Asia) inception cohort of SLE subjects (N = 495) were reported to be 39.4±11.3 and

44.9±11.8, respectively, at disease onset. There is a paucity of data on HRQoL in incident SSc

and in IIM. Our results are generally consistent with the published literature in early RA and

SLE, and in fact contribute important novel data for SSc and IIM.

Studies to date have generally examined HRQoL in individual SARDs, compared to the

general population or subjects with other chronic diseases[16]. A notable exception was a

study by Johnson et al. who compared the SF-36 PCS scores of subjects with prevalent SSc

(n = 34) to that of subjects with other prevalent rheumatic diseases, including SLE (n = 74) and

RA (n = 42) [20]. The mean score of SSc subjects (31.8±13.7) was lower than that of SLE (39.0

±13.0) and RA (34.1±9.8) subjects. Our findings are consistent with the order of impairment

reported (with SSc having worst, RA intermediate and SLE least impairment in PCS) and

extend the results to IIM, which we found to have the most severe impairment in physical

HRQoL. In addition, our data indicate that the order of impairment in physical HRQoL is not

the same as in mental HRQoL, with SLE having at once less impairment in the former and

more in the latter compared to RA and SSc. This cross-disease comparison thus contributes

important novel findings in HRQoL in SARD.

The differences in selected clinical features between diseases provide some insight into the

differences in HRQoL that we found. Indeed, early RA is predominantly a single organ disease,

whereas IIM is clearly multi-systemic. On the other hand, the cross-sectional design of this study

Table 3. Multiple linear regression showing the effect of disease on MCS.

β 95% CI p value

Age, years -0.04 -0.17 0.08 0.502

Female 1.26 -2.99 5.50 0.561

White -0.89 -4.87 3.09 0.659

Education (> high school) 1.45 -2.07 4.97 0.419

Disease

IIM vs SSc -11.05 -17.53 -4.58 0.001

IIM vs SLE -5.18 -11.79 1.42 0.124

IIM vs RA -11.72 -18.62 -4.81 0.001

SLE vs SSc -5.87 -10.47 -1.27 0.013

SLE vs RA -6.54 -11.88 -1.19 0.017

RA vs SSc 0.67 -3.99 5.32 0.778

CI, confidence interval

https://doi.org/10.1371/journal.pone.0189840.t003
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did not allow us to study the effect of disease course and treatment on HRQoL. SLE is character-

ized by intermittent flares whereas SSc can have a more progressive course, with some subsets rap-

idly progressing and others progressing at a more indolent rate. Also, RA, IIM and SLE are

generally responsive to glucocorticoids and systemic disease-modifying drugs, whereas treatment

options in SSc are currently limited. These outstanding questions provide impetus to further

understand the commonalities and differences in the predictors of HRQoL and to develop com-

mon and tailored interventions to improve HRQoL in these serious, chronic diseases.

This study is not without limitations. First, HRQoL was measured using various versions of

the Medical Outcomes Trust Short Form questionnaires. The SLE cohort used version 1 of the

SF-36 questionnaire, the SSc and IIM subjects used version 2 of the SF-36 questionnaire, and

RA subjects used the SF-12. Nevertheless, the SF-12 has been shown to be a reliable measure of

quality of life and comparable to the SF-36 with only slight loss of performance. Also, both the

PCS and MCS scores of the SF-12 were shown to correlate strongly with those of the SF-36

[12, 21] and scores from version 1 and version 2 of the SF-36 have also been shown to be com-

parable due to a re-estimation of norms for version 1 upon the release of version 2 [13]. Sec-

ond, the harmonized variables in our cross-disease dataset usually used lowest common

denominators. This may have resulted in a loss of precision in the definition of the covariates

in our models. Third, the worst results in IIM might have been due to differences in recruit-

ment and sampling; that is, we may have recruited only the sickest IIM patients, and a broader

spectrum of the SSc, RA, and SLE population. However, that is unlikely since IIM subjects

were recruited from the same tertiary centers as the other disease groups. Fourth, the sample

of some of the disease groups, in particular IIM, was small. This also contributed to poor preci-

sion. Finally, although fibromyalgia may impact HRQoL, none of the study cohorts collected

data on this. Hence, its impact on HRQoL could not be determined in this study. Thus, at this

time, our results should be interpreted with caution. Larger studies will be required to confirm

the findings reported in this study. Nevertheless, the strength of the study lies in our unique

ability to compare 4 separate SARDs with incident subjects using a harmonized dataset.

Conclusion

There is currently a paucity of HRQoL data in SARD in early disease. This research was

designed to fill this important knowledge gap. We found that SARD type was an independent

predictor of HRQoL, with differences that were clinically meaningful. In particular, IIM sub-

jects, for whom there is the least published data on HRQoL, had the most severe impairment

in both physical and mental HRQoL. Cross-SARD research provides a novel approach to gain

greater understanding of commonalities and differences across rheumatic diseases. The differ-

ences in baseline HRQoL across incident SARD provide impetus to pursue studies to identify

the common and distinct predictors of HRQoL in early SARD as well as to determine trajecto-

ries of HRQoL over time. This knowledge will guide the development of common and tailored

interventions to improve HRQoL in these serious, chronic diseases.

Supporting information

S1 File. Details of the research cohorts and study variables.

(DOCX)

Acknowledgments

Investigators of the Canadian Scleroderma Research Group—J. Pope, London, Ontario; M.

Baron, Montreal, Quebec (mbaron@rhu.jgh.mcgill.ca); J. Markland, Saskatoon, Saskatchewan

HRQoL across SARDs

PLOS ONE | https://doi.org/10.1371/journal.pone.0189840 December 19, 2017 7 / 9

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0189840.s001
https://doi.org/10.1371/journal.pone.0189840


(deceased); D. Robinson, Winnipeg, Manitoba; N. Jones, Edmonton, Alberta; N. Khalidi,

Hamilton, Ontario; P. Docherty, Moncton, New Brunswick; E. Kaminska, Calgary, Alberta; A.

Masetto, Sherbrooke, Quebec; E. Sutton, Halifax, Nova Scotia; J-P. Mathieu, Montreal, Que-

bec; M. Hudson, Montreal, Quebec; S. Ligier, Montreal, Quebec; T. Grodzicky, Montreal,

Quebec; S. LeClercq, Calgary, Alberta; C. Thorne, Newmarket, Ontario; G. Gyger, Montreal,

Quebec; D. Smith, Ottawa, Ontario; P.R. Fortin, Quebec, Quebec; M. Larché, Hamilton,

Ontario; M. Abu-Hakima, Calgary; TS Rodriguez-Reyna, Mexico City, Mexico; AR Cabral,

Mexico City, Mexico; M. Fritzler, Mitogen Advanced Diagnostics Laboratory, Cumming

School of Medicine, Calgary, Alberta.

Investigators of the Canadian Inflammatory Myopathy Study Group: Recruitment—M.

Hudson (marie.hudson@mcgill.ca) and E. Vinet, Montreal, Quebec; P.R. Fortin, Quebec, Que-

bec; Research members—M. Baron, A. Genge, G. Gyger, E. O’Ferrall, Montreal, Quebec; M.

Fritzler, Advanced Diagnostics Laboratory, Calgary, Alberta.

Author Contributions

Conceptualization: Marie Hudson.

Data curation: Julia Greenfield, Marie Hudson, Evelyne Vinet, Paul R. Fortin, Vivian Bykerk,

Christian A. Pineau, Sasha Bernatsky, Murray Baron.

Formal analysis: Marie Hudson, Mianbo Wang.

Funding acquisition: Marie Hudson.

Writing – original draft: Julia Greenfield.

Writing – review & editing: Marie Hudson, Evelyne Vinet, Paul R. Fortin, Vivian Bykerk,

Christian A. Pineau, Mianbo Wang, Sasha Bernatsky, Murray Baron.

References
1. Helmick CG, Felson DT, Lawrence RC, Gabriel S, Hirsch R, Kwoh CK, et al. Estimates of the preva-

lence of arthritis and other rheumatic conditions in the United States. Part I. Arthritis Rheum. 2008; 58

(1):15–25. https://doi.org/10.1002/art.23177 PMID: 18163481.

2. Jacobson DL, Gange SJ, Rose NR, Graham NM. Epidemiology and estimated population burden of

selected autoimmune diseases in the United States. Clin Immunol Immunopathol. 1997; 84(3):223–43.

PMID: 9281381.

3. Davidson A, Diamond B. Autoimmune diseases. N Engl J Med. 2001; 345(5):340–50. https://doi.org/10.

1056/NEJM200108023450506 PMID: 11484692.

4. Goodnow CC. Multistep pathogenesis of autoimmune disease. Cell. 2007; 130(1):25–35. https://doi.

org/10.1016/j.cell.2007.06.033 PMID: 17632054.

5. Higgs BW, Zhu W, Richman L, Fiorentino DF, Greenberg SA, Jallal B, et al. Identification of activated

cytokine pathways in the blood of systemic lupus erythematosus, myositis, rheumatoid arthritis, and

scleroderma patients. Int J Rheum Dis. 2012; 15(1):25–35. https://doi.org/10.1111/j.1756-185X.2011.

01654.x PMID: 22324944.

6. Cotsapas C, Voight BF, Rossin E, Lage K, Neale BM, Wallace C, et al. Pervasive sharing of genetic

effects in autoimmune disease. PLoS Genet. 2011; 7(8):e1002254. https://doi.org/10.1371/journal.

pgen.1002254 PMID: 21852963; PubMed Central PMCID: PMCPMC3154137.

7. Cho JH, Gregersen PK. Genomics and the multifactorial nature of human autoimmune disease. N Engl

J Med. 2011; 365(17):1612–23. https://doi.org/10.1056/NEJMra1100030 PMID: 22029983.

8. Ramos PS, Criswell LA, Moser KL, Comeau ME, Williams AH, Pajewski NM, et al. A comprehensive

analysis of shared loci between systemic lupus erythematosus (SLE) and sixteen autoimmune diseases

reveals limited genetic overlap. PLoS Genet. 2011; 7(12):e1002406. https://doi.org/10.1371/journal.

pgen.1002406 PMID: 22174698; PubMed Central PMCID: PMCPMC3234215.

HRQoL across SARDs

PLOS ONE | https://doi.org/10.1371/journal.pone.0189840 December 19, 2017 8 / 9

https://doi.org/10.1002/art.23177
http://www.ncbi.nlm.nih.gov/pubmed/18163481
http://www.ncbi.nlm.nih.gov/pubmed/9281381
https://doi.org/10.1056/NEJM200108023450506
https://doi.org/10.1056/NEJM200108023450506
http://www.ncbi.nlm.nih.gov/pubmed/11484692
https://doi.org/10.1016/j.cell.2007.06.033
https://doi.org/10.1016/j.cell.2007.06.033
http://www.ncbi.nlm.nih.gov/pubmed/17632054
https://doi.org/10.1111/j.1756-185X.2011.01654.x
https://doi.org/10.1111/j.1756-185X.2011.01654.x
http://www.ncbi.nlm.nih.gov/pubmed/22324944
https://doi.org/10.1371/journal.pgen.1002254
https://doi.org/10.1371/journal.pgen.1002254
http://www.ncbi.nlm.nih.gov/pubmed/21852963
https://doi.org/10.1056/NEJMra1100030
http://www.ncbi.nlm.nih.gov/pubmed/22029983
https://doi.org/10.1371/journal.pgen.1002406
https://doi.org/10.1371/journal.pgen.1002406
http://www.ncbi.nlm.nih.gov/pubmed/22174698
https://doi.org/10.1371/journal.pone.0189840


9. Hudson M, Thombs BD, Steele R, Panopalis P, Newton E, Baron M, et al. Health-related quality of life

in systemic sclerosis: a systematic review. Arthritis Rheum. 2009; 61(8):1112–20. https://doi.org/10.

1002/art.24676 PMID: 19644906.

10. Panopalis P, Petri M, Manzi S, Isenberg DA, Gordon C, Senecal JL, et al. The systemic lupus erythema-

tosus tri-nation study: longitudinal changes in physical and mental well-being. Rheumatology (Oxford).

2005; 44(6):751–5. PMID: 10.1093/rheumatology/keh580. PMID: 15757968.

11. Matcham F, Scott IC, Rayner L, Hotopf M, Kingsley GH, Norton S, et al. The impact of rheumatoid

arthritis on quality-of-life assessed using the SF-36: a systematic review and meta-analysis. Semin

Arthritis Rheum. 2014; 44(2):123–30. https://doi.org/10.1016/j.semarthrit.2014.05.001 PMID:

24973898.

12. Hurst NP, Ruta DA, Kind P. Comparison of the MOS short form-12 (SF12) health status questionnaire

with the SF36 in patients with rheumatoid arthritis. Br J Rheumatol. 1998; 37(8):862–9. PMID: 9734677.

13. Ware J. SF-36 Health Survey: Manual and Interpretation Guide. Lincoln, RI: QualityMetric Inc.; 2000.

14. Hopman WM, Towheed T, Anastassiades T, Tenenhouse A, Poliquin S, Berger C, et al. Canadian nor-

mative data for the SF-36 health survey. Canadian Multicentre Osteoporosis Study Research Group.

CMAJ. 2000; 163(3):265–71. PMID: 10951722; PubMed Central PMCID: PMCPMC80287.

15. Ware J. User’s Manual for the SF-36v2 Health Survey. 2nd ed. Lincoln, RI: QualityMetric, Inc.; 2007.

16. Hudson M, Thombs BD, Steele R, Panopalis P, Newton E, Baron M, et al. Quality of life in patients with

systemic sclerosis compared to the general population and patients with other chronic conditions. J

Rheumatol. 2009; 36(4):768–72. https://doi.org/10.3899/jrheum.080281 PMID: 19228662.

17. Altinkesen E. Functional status and quality of life in patients with early and late stage rheumatoid arthri-

tis Fizyoterapi Rehabilitasyon. 2011; 22(2):93–9.

18. Picchianti-Diamanti A, Germano V, Ferlito C, Migliore A, D’Amelio R, Lagana B. Health-related quality

of life and disability in patients with rheumatoid, early rheumatoid and early psoriatic arthritis treated

with etanercept. Qual Life Res. 2010; 19(6):821–6. https://doi.org/10.1007/s11136-010-9651-3 PMID:

20373036.

19. West E, Wallberg-Jonsson S. Health-related quality of life in Swedish men and women with early rheu-

matoid arthritis. Gend Med. 2009; 6(4):544–54. https://doi.org/10.1016/j.genm.2009.12.001 PMID:

20114005.

20. Johnson SR, Glaman DD, Schentag CT, Lee P. Quality of life and functional status in systemic sclerosis

compared to other rheumatic diseases. J Rheumatol. 2006; 33(6):1117–22. PMID: 16622903.

21. Jenkinson C, Layte R, Jenkinson D, Lawrence K, Petersen S, Paice C, et al. A shorter form health sur-

vey: can the SF-12 replicate results from the SF-36 in longitudinal studies? J Public Health Med. 1997;

19(2):179–86. PMID: 9243433.

HRQoL across SARDs

PLOS ONE | https://doi.org/10.1371/journal.pone.0189840 December 19, 2017 9 / 9

https://doi.org/10.1002/art.24676
https://doi.org/10.1002/art.24676
http://www.ncbi.nlm.nih.gov/pubmed/19644906
http://www.ncbi.nlm.nih.gov/pubmed/10.1093/rheumatology/keh580
http://www.ncbi.nlm.nih.gov/pubmed/15757968
https://doi.org/10.1016/j.semarthrit.2014.05.001
http://www.ncbi.nlm.nih.gov/pubmed/24973898
http://www.ncbi.nlm.nih.gov/pubmed/9734677
http://www.ncbi.nlm.nih.gov/pubmed/10951722
https://doi.org/10.3899/jrheum.080281
http://www.ncbi.nlm.nih.gov/pubmed/19228662
https://doi.org/10.1007/s11136-010-9651-3
http://www.ncbi.nlm.nih.gov/pubmed/20373036
https://doi.org/10.1016/j.genm.2009.12.001
http://www.ncbi.nlm.nih.gov/pubmed/20114005
http://www.ncbi.nlm.nih.gov/pubmed/16622903
http://www.ncbi.nlm.nih.gov/pubmed/9243433
https://doi.org/10.1371/journal.pone.0189840

