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Abstract
Objective: Although fatigue is one of the most problematic symptoms for people with systemic sclerosis, little is known 
about how fatigue impacts daily life over time. Such information is important when developing fatigue management 
interventions. This study was conducted to examine (1) if fatigue severity predicted outcomes of worse functioning 
(social participation, physical function), and quality of life and (2) if level of self-efficacy moderated significant relationships 
between fatigue and these outcomes.
Methods: Data were utilized from a clinical trial in which an online self-management intervention was tested (N = 267). 
Fatigue, social participation, and physical function were assessed by PROMIS measures. Quality of life was assessed 
by the EuroQol 5-domain instrument. Linear regressions were performed to examine how baseline fatigue related 
to functioning and quality of life outcomes 16 weeks later controlling for relevant covariates. PROMIS measures were 
used to measure self-efficacy in managing symptoms, daily activities, medications and treatments, emotions, and social 
interactions.
Results: Fatigue at baseline significantly predicted social participation 16 weeks later, but did not predict physical 
functioning or quality of life. Self-efficacy variables did not moderate the association between fatigue and social 
participation.
Conclusion: Fatigue severity predicted decreased social participation in people with systemic sclerosis. Interventions 
targeting fatigue should include support to maintain participation of social roles and activities. The level of reported 
self-efficacy did not vary the strength of the association between fatigue and decline in social participation indicating that 
there may be other targets to treat fatigue intervention beyond self-management.
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Introduction

Systemic sclerosis (SSc) is a rare autoimmune disease 
characterized by skin thickening in the extremities that 
may progress to internal organs and impair vascular, pul-
monary, and gastrointestinal functioning.1,2 Although dis-
ease presentation and progression are heterogeneous, most 
individuals with SSc have high symptom burden, and 
fatigue is ranked as one of the most problematic symp-
toms.3–7 Individuals with SSc have described fatigue’s 
debilitating effects affecting the ability to perform daily 
living tasks,6,8 work,9–11 and parent.12–14 When assessed 
over time, fatigue was found to be high and relatively sta-
ble over 2- to 4-year periods, suggesting a missed opportu-
nity to help individuals with SSc manage fatigue.15,16 
Despite the unmet need, there are currently no established 
fatigue management interventions for this population.

The ability to create relevant fatigue management inter-
ventions is limited by the lack of longitudinal studies on 
fatigue’s effect on functioning and quality of life. Such 
information will provide guidance on which elements 
should be integrated into new interventions. An earlier 
cross-sectional study showed that fatigue had a strong neg-
ative association with social participation, but not health-
related quality of life or physical function.17 However, one 
longitudinal study found that worsening fatigue was asso-
ciated with worsening hand function.18

There is also limited information on key moderators of 
the relationship between fatigue and outcomes over time 
which would not only help indicate who may be in most 
need of intervention, but may also provide support for 
which factors may be protective against fatigue’s impact 
on outcomes. Self-efficacy, confidence in ability to man-
age symptoms (such as pain) has been identified as a 
potential moderator of a person’s response to chronic pain 
interventions.19,20 Because improvement in self-efficacy is 
a mechanism that leads to improved function,21 people 
with low self-efficacy may be at risk for having fatigue 
that is influential on outcomes over time.

To help plan a fatigue management intervention, this 
study aimed to (1) examine if baseline fatigue predicted 
social participation, physical function, and health-related 
quality of life from baseline to 16 weeks and (2) determine if 
baseline self-efficacy moderated any significant associations 
between fatigue and these outcomes. We utilized data from a 
previous randomized clinical trial (RCT) that compared an 
online self-management program versus a control arm to 
increase self-efficacy for managing symptoms.22 In that 
RCT, there were no statistically significant differences 
between groups at 16 weeks and no significant mean changes 
within groups on self-efficacy or symptom measures over 
time. We hypothesized that fatigue at baseline would predict 
decreased social participation, reduced physical function, 
and worse health-related quality of life at 16 weeks. We also 
hypothesized that greater self-efficacy would diminish the 
association between fatigue and decline in these outcomes.

Methods

Recruitment was undertaken at two universities, on web-
sites, and social media.22 Inclusion criteria were being a 
US resident, SSc diagnosis, age ⩾ 18 years, basic computer 
literacy, access to Internet and email, and English speak-
ing. After informed consent was obtained, participants 
were sent an online survey to complete baseline assess-
ments. Participants were then randomized into the 16-week 
intervention or to the control arm; randomization was 
stratified by baseline depressive symptom scores to ensure 
adequate distribution in each arm. Participants in the inter-
vention were provided log-in information to the secure 
intervention website and provided a new learning module 
weekly. Participants in the control arm received a sclero-
derma book written for patients with SSc. Both groups 
were contacted by the study team every 4 weeks and pro-
vided gift card incentives throughout the study. Post-
intervention, all participants were sent the same survey 
battery as provided at baseline. The study was approved by 
institutional human subjects review boards at University 
of New Mexico, University of Michigan, and Medical 
University of South Carolina.

Measures

Fatigue was measured by the fatigue subscale of Patient 
Reported Outcomes Measurement Information System 
29 version 2.0 (PROMIS v.2) at baseline and 16 weeks.23 
The PROMIS 29 v.2 instrument has been in validated in 
an SSc sample.24 Scores were converted to a T-score met-
ric where a mean of 50 and standard deviation (SD) of 10 
represents the US population; higher scores indicate 
worse fatigue. Outcomes of social participation, physical 
function, and quality of life were assessed at baseline and 
16 weeks. PROMIS 29 v.2 was also used to measure 
social participation (Ability to Participate in Social Roles 
and Activities) and physical function. Scores were con-
verted to T scores; higher scores indicate better ability/
function. Health-related quality of life was measured by 
the EuroQol 5-domain instrument (EQ-5D-5L), a com-
monly used instrument in samples with chronic condi-
tions.25 Participants rate their health state in the areas of 
mobility, self-care, activity, pain, and anxiety on a scale 
of no problems, slight problems, moderate problems, 
severe problems, and extreme problems. Responses are 
transformed to a health utility metric using a specific 
algorithm. The possible range of scores are from 0 to 1.0 
(full/optimal health).26

Five domains of self-efficacy were assessed as modera-
tors from the PROMIS Self-Efficacy for Managing 
Chronic Conditions assessment27: self-efficacy for manag-
ing symptoms, performing daily activities, managing med-
ications and treatments, managing emotions, and managing 
social interactions. Scores were transformed to a T metric 
with higher scores indicating greater self-efficacy.
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Demographic, clinical characteristics, and other 
covariates

Demographic information included age, race, ethnicity, 
sex, education level, marital status, and employment sta-
tus. Clinical characteristics included scleroderma subtype 
(limited/CREST/sine, diffuse, or overlap) and disease 
duration (based on year diagnosed). Participants rated their 
overall health as excellent, very good, good, fair, or poor. 
Symptom covariates in the multivariable models included 
pain interference and depressive symptoms as assessed 
from the PROMIS 29 v.2. Higher scores indicated worse 
symptoms.

Data analysis

Baseline characteristics were described by frequency and 
proportion for categorical data, mean and SD for normally 
distributed continuous data, and median and interquartile 
range for non-normally distributed continuous data. Linear 
regression was used to assess the association between 
fatigue at baseline and outcomes 16 weeks later in separate 
analyses for social participation, physical function, and 
health-related quality of life. Models were adjusted for 
baseline level of the outcome and covariates: age, gender, 
ethnicity, scleroderma type, years since diagnosis, pain 
interference and depressive symptom scores at baseline, 
treatment group, and, for social participation and quality of 
life outcomes, baseline level of physical function. Self-
efficacy domains assessed at baseline were then investi-
gated as possible moderators of the association between 
fatigue and the outcomes by inclusion of interaction terms 
in models.

Results

The sample of 267 participants consisted of 91% 
women; the mean age was 53.7 (range 20–83 years).22 
Seventeen percent of the sample was non-White and 
64% was married. The sample had a mean of 16 years of 
education, with 74% who reported having a degree or 
equivalent professional qualification. With regard to 
work status, 26% were on disability or sick leave. 
Subtypes of SSc most frequently reported were limited 
or sine (45%), followed by diffuse (43%); and SSc over-
lap with another rheumatic disease (12%). The median 
reported time since diagnosis was 9 years (interquartile 
range of 5–16 years). Self-rated health was reported to 
be fair or poor for 44% of the sample.

Values for symptom, functioning, and quality of life 
measures are shown in Table 1. As this was a non-signifi-
cant trial, values from baseline and 16-week outcome peri-
ods are shown for the entire sample; specific values by 
study arm have been reported elsewhere.22 Symptoms 
remained relatively stable between baseline and 16 weeks. 
Fatigue and pain interference were rated as most severe of 
the symptoms; mean T scores were .87 and .80 SD above 
the US population. Depressive symptoms and the majority 
of self-efficacy measures were all within .5 SDs of the nor-
mative sample mean, except for self-efficacy to manage 
daily activities which was lower than the normative sam-
ple by .64 SD. Of outcomes of social participation and 
physical functioning, physical functioning was lower by 
comparison. Reported physical function was almost 1 SD 
below a normative population whereas social participation 
was within .5 SD. Health-related quality of life health util-
ity score from the EQ-5D-5L of .78 was also rated below 

Table 1.  Baseline and 16-Week Symptoms, Function, and Quality of Life Variables.

Measures Baseline (N = 267) 16 weeksa

Fatigue 58.7 (10.4) 58.7 (10.8)
Pain interference 58.0 (9.3) 57.2 (9.4)
Pain intensity (0–10 NRS) 4.2 (2.2) 4.1 (2.3)
Depressive symptoms 51.3 (9.8) 51.2 (9.6)
Self-efficacy for managing social interactionsb 45.1 (39.4–52.9) 46.7 (40–59.8)
Self-efficacy for managing daily activitiesb 43.6 (40.1–48) 43.4 (39.7–48.8)
Self-efficacy for managing medications/treatmentsb 50.4 (42.7–55.5) 50.9 (42–60.6)
Self-efficacy for managing symptomsb 46.8 (41.9–53.1) 46.9 (42.3–53.6)
Self-efficacy for managing emotionsb 46.4 (41.6–51.3) 46.7 (40.4–52)
Social Participation 45.0 (8.2) 46.3 (9.2)
Physical Function 40.4 (7.1) 40.9 (7.8)
Quality of Life (EQ-5D-5L) 0.78 (0.08) 0.71 (0.17)

The PROMIS 29 v.2 was used which comprised scales of Fatigue, Pain Interference, Pain Intensity, Depressive symptoms, Self-efficacy variables, Ability 
to Participate in Social Roles (Social Participation), and Physical Function. NRS: numerical rating scale; EQ-5D-5L: EuroQol 5-domain instrument.
aIn all, 92% follow-up data (N = 246) for fatigue, pain interference, pain intensity, depressive symptoms, self-efficacy for managing emotions, and 
social participation; 93% follow-up data (N = 247) for Self-efficacy for managing social interactions, Self-efficacy for managing daily activities,  
Self-efficacy for managing medications/treatments, Self-efficacy for managing symptoms, and Quality of Life EQ-5D-5L.
bMedian (interquartile range).
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the population norms of adults in other countries which 
was approximately .91–.92,28,29 but slightly higher than 
what was seen in other studies of SSc (median of .69 and 
.75).30,31

Results from the three linear regression models in 
which baseline fatigue was examined as a predictor of 
social participation, physical function, and health-related 
quality of life at 16 weeks, respectively, are presented in 
Table 2. Of these models, baseline fatigue only predicted 
social participation. Higher fatigue severity predicted 
lower social participation 16 weeks later, with every 
1-point increase in fatigue corresponding to a .13 decrease 
in social participation. Greater baseline social participa-
tion and physical function contributed to higher social par-
ticipation at 16 weeks. Participants in the control arm had 
increased participation compared to the treatment group at 
16 weeks, although this increase was minimal (less than a 
2-point difference). Moderator analyses were performed in 
which self-efficacy variables were tested in the model in 
which social participation was the outcome. Self-efficacy 
variables did not moderate the association between fatigue 
and social participation.

Discussion

In this post hoc analysis, we examined if and how baseline 
fatigue severity predicted measures of functioning (social 
participation and physical function) and health-related 
quality of life 16 weeks later. In SSc, there have been few 
longitudinal studies in which fatigue and these outcomes 
are examined longitudinally,16,10 and none have measured 

social participation specifically. We found that baseline 
fatigue severity only predicted worse social participation, 
but had no significant impact on physical function and 
health-related quality of life. The effect of fatigue on social 
participation but not physical function may be reflecting 
how people adapt to living with SSc. In a framework of 
disability, it has been proposed that daily life activities are 
obligatory, such as dressing or meal preparation; commit-
ted, such as work or caring for one’s children; or discre-
tionary, such as social activities, exercise, or hobbies.32 
Studies in samples of people with rheumatic conditions 
other than SSc have shown that activities are intentionally 
limited or restricted, with discretionary activities being 
reduced to preserve time and energy for more obligatory 
activities.33–35 This pattern has also been shown in SSc in 
which people reported lower participation in social activi-
ties compared to domestic and household maintenance 
activities.36 It may be that people with SSc and fatigue are 
reducing social participation to optimize basic physical 
functioning necessary to their everyday living. In this 
study, social participation was measured in general catego-
ries of activities including work, leisure, and activities 
with family and friends by the PROMIS 29 without reflect-
ing nuances of this framework. Despite this general meas-
urement of social participation, the association of fatigue 
and social participation found in this study is concordant 
with SSc literature. There is an association between fatigue 
and work disability9–11 and marked declines in ability to 
work over time.10 Furthermore, qualitative studies involv-
ing people with SSc have depicted how fatigue interferes 
with social and leisure activities and the ability to carry out 

Table 2.  Baseline Fatigue as a Predictor of Social Participation, Physical Function, and Quality of Life at 16 Weeks.

Baseline variables Social participation
(n = 245)

Physical function
(n = 245)

Quality of life
(n = 244)

B 95% CI p B 95% CI p B 95% CI p

Fatigue −0.13 [−0.24, −0.02] 0.02 −0.04 [−0.12, 0.05] 0.39 −0.002 [−0.004, 0.0006] 0.16
Age −0.003 [−0.07, 0.06] 0.92 −0.03 [−0.08, 0.03] 0.36 0.002 [0.0005, 0.004] 0.008
Female −0.98 [−3.54, 1.58] 0.45 −0.38 [−2.54, 1.79] 0.73 0.006 [−0.05, 0.06] 0.84
Minority −0.43 [−2.40, 1.53] 0.67 0.03 [−1.63, 1.70] 0.97 0.05 [0.002, 0.09] 0.04
SSc typea

  Diffuse 0.54 [−1.02, 2.09] 0.50 −0.34 [−1.66, 0.98] 0.61 0.007 [−0.03, 0.04] 0.70
  Overlap −0.21 [−2.65, 2.24] 0.87 −1.68 [−3.76, 0.40] 0.11 −0.005 [−0.06, 0.05] 0.86
Years since dx −0.03 [−0.12, 0.05] 0.42 0.004 [−0.07, 0.08] 0.91 −0.001 [−0.003, 0.0008] 0.26
Pain interference 0.01 [−0.10, 0.13] 0.80 −0.02 [−0.11, 0.08] 0.74 −0.001 [−0.004, 0.002] 0.46
Depressive symptoms −0.02 [−0.11, 0.07] 0.65 −0.02 [−0.10, 0.05] 0.57 −0.002 [−0.004, 0.0002] 0.08
Treatment (Intervention armb)
  Control 1.76 [0.33, 3.19] 0.02 0.54 [−0.67, 1.75] 0.38 0.01 [−0.02, 0.04] 0.50
Social participation 0.65 [0.50, 0.80] <0.001 – –  
Physical function 0.19 [0.04, 0.33] 0.01 0.82 [0.71, 0.93] < 0.001 0.003 [−0.0001, 0.006] 0.06
Quality of life – – 0.83 [0.52, 1.15] <0.001

CI: confidence interval; SSc: systemic sclerosis; dx: diagnosis.
aLimited SSc is the reference group.
bIntervention arm is the reference group.
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life roles.8,12–14 This study established a longitudinal asso-
ciation between fatigue and social participation; however, 
further research is needed to examine processes by which 
people with SSc restrict their social participation and how 
fatigue influences the process.

Fatigue was not a significant predictor of health-related 
quality of life in SSc. Fatigue and health-related quality of 
life in SSc are associated in cross-sectional studies,30,31 but 
it appears that factors other than fatigue may be more con-
sequential. In one study, the association between fatigue 
and health-related quality of life was diminished when dis-
ability was added in the multivariate model.37 In a cross-
sectional analysis using baseline data from this study, we 
examined relative influence of fatigue, pain interference, 
and depression on health-related quality of life using hier-
archical models. Fatigue only added 1% additional vari-
ance in health-related quality of life after pain interference 
and depression were added, which combined explained 
53% of the variance.17

This study provides support for assessing fatigue in 
clinical practice as it may have profound effects on the 
daily lives of individuals with SSc affecting their partici-
pation in activities, routines, and life roles. Fatigue in 
rheumatic diseases is under-studied6,38 and perceived by 
individuals with SSc as under-addressed in clinical care,39 
but one of the challenges to intervening on fatigue is that it 
is multifactorial in nature. Thombs et  al. conceptualized 
fatigue in SSc as a combination of etiological factors (such 
as inflammatory cytokines), disease-specific manifesta-
tions (such as connective tissue changes), comorbidities, 
psychosocial factors, lifestyle habits, and contributors 
such as pain and sleep issues.38 Basta developed a concep-
tual model with similar domains but also highlights the 
potential importance of work disability and sociodemo-
graphic contributors.4 Longitudinal studies in SSc in which 
predictors of fatigue severity are examined support this 
multifactorial model. For instance, in a study where people 
were followed for a mean of 3.8 years, predictors of fatigue 
severity included baseline measures of ineffective coping 
skills (as reported on an illness behavior questionnaire), 
pain, and gastrointestinal symptom severity.15 Furthermore, 
decreased lung function was a predictor of change in 
fatigue during that period. Another study in which 215 
patients with SSc were followed over a 3-year period again 
found that symptoms of lung involvement and coping 
skills (in this case, less acceptance of one’s condition) 
were independent predictors of higher fatigue, in addition 
to being female.16 Addressing potentially modifiable fac-
tors would require a multi-modal approach and likely need 
to utilize a variety of care providers in fatigue manage-
ment, including physicians, occupational and physical 
therapists, and psychologists. A better characterization of 
fatigue and its impact in future studies is warranted to 
identify optimal intervention strategies to target specific 
aspects of fatigue.

One potential clinical implication is the support for 
interventions targeting the relationship between fatigue 
and social participation. Because fatigue seems to affect 
participation in social roles and activities, occupational 
therapists are particularly well-suited to work with these 
individuals as their main practice domain involves identi-
fication, resolution of, or adaptation to problems with par-
ticipation in daily life roles and activities.40 Despite this 
potential avenue for intervention, a recent review showed 
that rehabilitation services including occupational therapy 
and physical therapy are not well-utilized among people 
with SSc.41 Thus, more education to providers regarding 
these services may be needed to promote referrals.

Interestingly, in this study, level of self-efficacy for 
managing different aspects of chronic disease did not mod-
erate the association between baseline fatigue and decline 
in social participation. In essence, a person’s higher self-
efficacy at baseline was not protective against fatigue’s 
effect on social participation. This finding may have poten-
tially important implications for development of fatigue 
management interventions. While increasing self-efficacy 
can be useful in many aspects of disease management, a 
fatigue intervention that focuses only on increasing self-
efficacy in managing fatigue may not have the desired out-
come of reducing effects on social participation.

Our study has strengths. First, it utilized a well-con-
ducted RCT that captured data in subjects with SSc over a 
period of 16 weeks. Second, we were able to assess the 
prospective relationship between baseline fatigue and out-
come measures of interest due to longitudinal nature of the 
data.

Limitations of this study include utilization of self-report 
of participants who voluntarily participated in an RCT on an 
online self-management program. In addition, findings may 
be generalized only to people who use computers and have 
Internet access and who were not newly diagnosed, as the 
median disease duration was 9 years. The report of disease 
characterization such as subtype and duration of disease 
could not be verified by medical record. A 16-week duration 
to look at longitudinal effects is relatively short, and a longer 
follow-up period may provide more insight on the nature 
and persistence of effects (and may explain a lack of effect 
on physical functioning and health-related quality of life). 
The longitudinal data were gathered from people in an RCT, 
although there were no meaningful changes in the interven-
tion and control groups. Future studies could provide a more 
nuanced measurement of social participation and should 
consider mixed-methods approaches to understand how 
much the fatigue–social participation association has a per-
ceived impact on individual’s lives. Finally, our study was 
limited by having only two assessment periods involving 
recall-based measures. A more intensive measurement pro-
tocol using ecological momentary assessment that would 
ascertain trajectories of fatigue and social participation over 
time would better characterize temporal patterns.
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Conclusion
Fatigue severity predicted decreased social participation in 
people with SSc. The level of reported self-efficacy did not 
vary the strength of the association between fatigue and 
decline in social participation. Interventions targeting 
fatigue should include support to maintain participation of 
social roles and activities. A better understanding of the 
outcomes that fatigue most impacts can enable the design 
of an optimal fatigue management intervention that may 
include medical and behavioral-based targets. More 
research will be needed to characterize fatigue and its 
impact on individuals with SSc to inform this intervention 
development.

Acknowledgement

The Editor/ Editorial Board Member of JSRD is an author of this 
paper, therefore, the peer review process was managed by alter-
native members of the Board and the submitting Editor/Board 
member had no involvement in the decision-making process.

Declaration of conflicting interests

The author(s) declared the following potential conflicts of inter-
est with respect to the research, authorship, and/or publication 
of this article: D.K. is a consultant to Acceleron, Abbvie, 
Actelion, Amgen, Bayer, BMS, Boehringer Ingelheim, CSL 
Behring, Corbus, Galapagos, Genentech/Roche, GSK, Horizon, 
MitsubishiTanabe Pharma, Sanofi-Aventis, and United 
Therapeutics. He has stock options in Eicos Sciences, Inc. No 
other authors report conflicts of interest.

Funding 

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: 
This work was supported by a grant from the Patient Centered 
Outcomes Research Institute (PCORI; Poole/Khanna co-PIs) 
(Award CER-1310-08323 to J.L.P. and D.K.). The statements 
presented in this publication are solely the responsibility of the 
authors and do not necessarily represent the views of PCORI. Dr. 
Khanna’s work was supported by the National Institute of 
Arthritis and Musculoskeletal and Skin Diseases at National 
Institutes of Health (K24-AR-063129).

Trial registration

NCT02494401

ORCID iD 

Susan L Murphy  https://orcid.org/0000-0001-7924-0012

References
	 1.	 Denton C and Khanna D. Systemic sclerosis. Lancet 2017; 

390(10103): 1685–1699.
	 2.	 Mayes MD, Lacey JV Jr, Beebe-Dimmer J, et al. Prevalence, 

incidence, survival, and disease characteristics of systemic 
sclerosis in a large US population. Arthritis Rheum 2003; 
48(8): 2246–2255.

	 3.	 Bassel M, Hudson M, Taillefer SS, et  al. Frequency and 
impact of symptoms experienced by patients with sys-
temic sclerosis: results from a Canadian National Survey. 
Rheumatology (Oxford) 2011; 50(4): 762–767.

	 4.	 Basta F, Afeltra A and Margiotta D. Fatigue in systemic 
sclerosis: a systematic review. Clin Exp Rheumatol 2018; 
36: 150–160.

	 5.	 Richards HL, Herrick AL, Griffin K, et al. Systemic sclero-
sis: patients’ perceptions of their condition. Arthritis Care 
Res 2003; 49(5): 689–696.

	 6.	 Sandusky SB, McGuire L, Smith MT, et  al. Fatigue: an 
overlooked determinant of physical function in sclero-
derma. Rheumatology (Oxford) 2009; 48(2): 165–169.

	 7.	 van Lankveld WG, Vonk MC, Teunissen H, et al. Appearance 
self-esteem in systemic sclerosis—Subjective experience of 
skin deformity and its relationship with physician-assessed 
skin involvement, disease status and psychological variables. 
Rheumatology (Oxford) 2007; 46(5): 872–876.

	 8.	 Nakayama A, Tunnicliffe DJ, Thakkar V, et  al. Patients’ 
perspectives and experiences living with systemic sclerosis: 
a systematic review and thematic synthesis of qualitative 
studies. J Rheumatol 2016; 43(7): 1363–1375.

	 9.	 Sandqvist G, Scheja A and Hesselstrand R. Pain, fatigue 
and hand function closely correlated to work ability and 
employment status in systemic sclerosis. Rheumatology 
(Oxford) 2010; 49(9): 1739–1746.

	10.	 Sharif R, Mayes MD, Nicassio PM, et al. Determinants of 
work disability in patients with systemic sclerosis: a lon-
gitudinal study of the GENISOS cohort. Semin Arthritis 
Rheum 2011; 41(1): 38–47.

	11.	 Singh MK, Clements PJ, Furst DE, et al. Work productivity 
in scleroderma: analysis from the University of California, 
Los Angeles scleroderma quality of life study. Arthritis 
Care Res (Hoboken) 2012; 64(2): 176–183.

	12.	 Poole JL, Haygood D and Mendelson C. “I’m still dad”: the 
impact of scleroderma on being a father. Occup Ther Health 
Care 2018; 32(1): 1–13.

	13.	 Poole JL, Willer K and Mendelson C. Occupation of moth-
erhood: challenges for mothers with scleroderma. Am J 
Occup Ther 2009; 63(2): 214–219.

	14.	 Poole JL, Willer K, Mendelson C, et al. Perceived parenting 
ability and systemic sclerosis. Musculoskeletal Care 2011; 
9(1): 32–40.

	15.	 Assassi S, Leyva AL, Mayes MD, et al. Predictors of fatigue 
severity in early systemic sclerosis: a prospective longitudi-
nal study of the GENISOS cohort. PLoS One 2011; 6(10): 
e26061.

	16.	 Willems LM, Kwakkenbos L, Vonk MC, et al. Three-year 
trajectories of disability and fatigue in systemic sclerosis: a 
cohort study. Clin Exp Rheumatol 2017; 35 Suppl 106(4): 
48–55.

	17.	 Murphy S, Kratz A, Whibley D, et al. Fatigue and its asso-
ciation with social participation, functioning and quality of 
life in systemic sclerosis. Arthritis Care Res. Epub ahead of 
print 16 December 2019. DOI: 10.1002/acr.24122.

	18.	 Peytrignet S, Denton CP, Lunt M, et al. Disability, fatigue, 
pain and their associates in early diffuse cutaneous systemic 
sclerosis: the European scleroderma observational study. 
Rheumatology 2018; 57(2): 370–381.

https://orcid.org/0000-0001-7924-0012


Murphy et al.	 193

	19.	 Day MA, Ehde DM and Jensen MP. Psychosocial pain man-
agement moderation: the limit, activate, and enhance model. 
J Pain 2015; 16(10): 947–960.

	20.	 Ehde DM, Arewasikporn A, Alschuler KN, et al. Moderators 
of treatment outcomes after telehealth self-management and 
education in adults with multiple sclerosis: a secondary 
analysis of a randomized controlled trial. Arch Phys Med 
Rehabil 2018; 99(7): 1265–1272.

	21.	 Marks R, Allegrante JP and Lorig K. A review and synthesis 
of research evidence for self-efficacy-enhancing interventions 
for reducing chronic disability: implications for health educa-
tion practice (part I). Health Promot Prac 2005; 6(1): 37–43.

	22.	 Khanna D, Serrano J, Berrocal VJ, et al. Randomized con-
trolled trial to evaluate an internet-based self-management 
program in systemic sclerosis. Arthritis Care Res (Hoboken) 
2019; 71(3): 435–447.

	23.	 Rose AJ, Bayliss E, Huang W, et  al. Evaluating the 
PROMIS-29 v2.0 for use among older adults with multiple 
chronic conditions. Qual Life Res 2018; 27(11): 2935–2944.

	24.	 Hinchcliff M, Beaumont JL, Thavarajah K, et al. Validity of two 
new patient-reported outcome measures in systemic sclerosis: 
patient-reported outcomes measurement information system 
29-item health profile and functional assessment of chronic ill-
ness therapy-dyspnea short form. Arthritis Care Res (Hoboken) 
2011; 63(11): 1620–1628.

	25.	 Herdman M, Gudex C, Lloyd A, et  al. Development and 
preliminary testing of the new five-level version of EQ-5D 
(EQ-5D-5L). Qual Life Res 2011; 20(10): 1727–1736.

	26.	 Pickard AS, Law EH, Jiang R, et al. United States valuation 
of EQ-5D-5L health states using an international protocol. 
Value Health 2019; 22(8): 931–941.

	27.	 Gruber-Baldini AL, Velozo C, Romero S, et al. Validation 
of the PROMIS((R)) measures of self-efficacy for managing 
chronic conditions. Qual Life Res 2017; 26(7): 1915–1924.

	28.	 Hinz A, Kohlmann T, Stobel-Richter Y, et al. The quality of 
life questionnaire EQ-5D-5L: psychometric properties and 
normative values for the general German population. Qual 
Life Res 2014; 23(2): 443–447.

	29.	 McCaffrey N, Kaambwa B, Currow DC, et  al. Health-
related quality of life measured using the EQ-5D-5L: South 
Australian population norms. Health Qual Life Outcomes 
2016; 14(1): 133.

	30.	 Muller H, Rehberger P, Gunther C, et al. Determinants of 
disability, quality of life and depression in dermatological 
patients with systemic scleroderma. Br J Dermatol 2012; 
166(2): 343–353.

	31.	 Strickland G, Pauling J, Cavill C, et al. Predictors of health-
related quality of life and fatigue in systemic sclerosis: 
evaluation of the EuroQol-5D and FACIT-F assessment 
tools. Clin Rheumatol 2012; 31(8): 1215–1222.

	32.	 Verbrugge LM and Jette AM. The disablement process. Soc 
Sci Med 1994; 38(1): 1–14.

	33.	 Gignac MAM, Cott C and Badley EM. Adaptation to chronic 
illness and disability and its relationship to perceptions of 
independence and dependence. J Gerontol B Psychol Sci 
Soc Sci 2000; 55(6): P362–P372.

	34.	 Katz P, Morris A, Trupin L, et al. Disability in valued life 
activities among individuals with systemic lupus erythema-
tosus. Arthritis Care Res 2008; 59(4): 465–473.

	35.	 Katz PP, Morris A and Yelin EH. Prevalence and predictors 
of disability in valued life activities among individuals with 
rheumatoid arthritis. Ann Rheum Dis 2006; 65(6): 763–769.

	36.	 Poole JL, Chandrasekaran A, Hildebrand K, et al. Participation 
in life situations by persons with systemic sclerosis. Disabil 
Rehabil 2015; 37(10): 842–845.

	37.	 Sierakowska M, Doroszkiewicz H, Sierakowska J, et  al. 
Factors associated with quality of life in systemic sclero-
sis: a cross-sectional study. Qual Life Res 2019; 28(12): 
3347–3354.

	38.	 Thombs BD, Hudson M, Bassel M, et al. Sociodemographic, 
disease, and symptom correlates of fatigue in systemic scle-
rosis: evidence from a sample of 659 Canadian scleroderma 
research group registry patients. Arthritis Care Res 2009; 
61(7): 966–973.

	39.	 Mouthon L, Alami S, Boisard AS, et al. Patients’ views and 
needs about systemic sclerosis and its management: a quali-
tative interview study. BMC Musculoskelet Disord 2017; 
18(1): 230.

	40.	 Occupational Therapy Practice Framework: Domain 
Process (3rd Edition). Am J Occup Ther 2017; 68: S1–S48.

	41.	 Becetti K, Kwakkenbos L, Carrier M-E, et al. Physical or 
occupational therapy utilization in systemic sclerosis: a 
scleroderma patient-centered intervention network cohort 
study. J Rheumatol 2019; 46: 1605–1613.


	Fatigue Predicts Future Reduced Social Participation, not Reduced Physical Function or Quality of Life in People with Systemic Sclerosis
	tmp.1656540212.pdf.HUboS

