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ABSTRACT

Objective. To investigate the burden
and clinical associations of fatigue in
systemic sclerosis (§Sc) as measured
by FACIT-Fatigue scores.

Methods. Australian Scleroderma Co-
hort Study participants with =1 FAC-
IT-Fatigue score were included. Par-
ticipants were divided into those with
incident SSc (<5 years SSc duration at
recruitment and FACIT-Fatigue score
recorded within 5 years of disease
onset) or prevalent SSc (first FACIT-
Fatigue score recorded >5 years af-
ter SSc onset). Generalised estimating
equations were used to model change
in FACIT-Fatigue scores over time, ex-
pressed as an increasing (improving)
or decreasing (worsening) score.
Results. Of 859 participants, 215 had
incident SSc and 644 prevalent SSc.
First-recorded FACIT-Fatigue scores
were similar in those with incident (37
units, IQR 25-45.5) and prevalent SSc
(36 units, IQR 23-44; p=0.17), as were
lowest-ever recorded FACIT-Fatigue
scores (incident 23 units; prevalent 22
units, p=0.75).

In incident SSc, higher skin scores (re-
gression coefficient (RC) -1.5 units,
95%CI -2.3 to -08), PAH (RC -8.2,
95%CI -16.5 to 0.1) and reduced left
ventricular function (RC -10.6, 95%CI
-18.3 to -2.8) were associated with
more severe fatigue. In prevalent SSc,
higher skin scores (RC -0.6, 95%CI -1.3
to 0), gastrointestinal symptoms (RC
-6.6, 95%CI -9.0 to -4.2), hypoalbumi-
naemia (RC -2.8, 95%CI -5.0 to -0.7),
BMI<18.5kg/m? (RC -6.3, 95%CI -10.3
to -2.2), raised CRP (RC -3.1, 95%CI
-4.7 to -1.5), and anaemia (RC -1.7,
95%CI -3.5 to 0.1) were associated with
more severe fatigue.

Conclusions. The burden of fatigue is
substantial in both incident and preva-
lent SSc. Cardiopulmonary and gastro-
intestinal involvement are associated
with worse fatigue.

Introduction

Up to two-thirds of people living with
autoimmune disease report profound
or debilitating fatigue (1, 2). Possible
contributors include active inflamma-
tion and pro-inflammatory cytokines,
neurological involvement, metabolic
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changes, nutritional deficiencies, sleep
disturbance, medications, stress, and
poor mental health (2). Fatigue is high-
ly prevalent in systemic sclerosis (SSc)
and is known to interfere with activi-
ties of daily living and reduce quality
of life (3, 4). However, the contributors
to fatigue in SSc, and in particular how
these may differ in incident and preva-
lent disease, are poorly understood (5).
The Functional Assessment of Chronic
Illness Therapy (FACIT)-Fatigue is a
13-item survey which assesses fatigue
and its functional impact on a scale
of 0-52, with lower scores indicating
worse fatigue. While initially designed
for use in cancer patients, FACIT-Fa-
tigue has been increasingly applied in
rheumatic disease including SSc (5).
Accordingly, we sought to quantify
the burden and clinical associations
of fatigue as measured by the FACIT-
Fatigue scale, comparing incident and
prevalent SSc cohorts.

Methods

Australian Scleroderma Cohort Study
(ASCS) participants meeting ACR/
EULAR criteria (6) for SSc with a de-
finable SSc subclass [diffuse (dcSSc)
or limited (1cSSc)] (7) were included.
FACIT-Fatigue scores were recorded
annually from 2016 onwards; accord-
ingly, only participants seen from 2016
onwards were included. All partici-
pants had to have recorded =1 FACIT-
Fatigue score for inclusion. Disease
onset was defined as the date of on-
set of first non-Raynaud SSc mani-
festation. Participants were divided
into those with incident SSc (ASCS
recruitment and =1 FACIT-Fatigue
score within 5 years of SSc onset), or
prevalent disease (ASCS recruitment
or first FACIT-Fatigue score >5 years
from SSc onset). The ASCS has been
approved by the Human Research Eth-
ics Committee at St Vincent’s Hospital
Melbourne (HREC-A020/07) and with
all participants providing written in-
formed consent.

Patient-reported outcome measures
(PROMs) of health-related quality of
life (HRQoL) were recorded at each
visit, including the FACIT-Fatigue and
36-item Short Form Survey (SF-36).
Disease features were considered pre-
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Table I. Characteristics of study population.

Variable Whole cohort Incident SSc Prevalent SSc p-value
(n=859) (n=215,25.0%)' (n=644,75.0%)*

Age at SSc onset (years) 472 (35.6-55.6) 554 (22.7-64.5) 442 (34.1-54.1) <0.01
Female sex 735 (85.6%) 167 (77.7%) 568 (88.2%) <0.01
Caucasian 731 (89.0%) 169 (83.7%) 562 (90.8%) 0.01
Diffuse SSc 209 (24.3%) 69 (32.1%) 140 (21.7%) <0.01
SSc duration at first FACIT-Fatigue score (years) 11.1 (5.0-19.6) 24 (1.3-35) 144 (9.5-22.6) <0.01
First-recorded FACIT-Fatigue Score 36 (23.8-44) 37 (25-45.5) 36 (23-44) 0.17
Lowest (worst) recorded FACIT-Fatigue score 22.8 (11-35) 23 (10-36) 22 (12-35) 0.75
ANA Centromere 380 (45.1%) 67 (32.5%) 313 (49.2%) <0.01
Scl70 138 (16.5%) 43 (21.0%) 95 (15.1%) 0.05
RNA Polymerase-3 109 (14.8%) 32 (17.5%) 77 (13.9%) 0.23
PAH* 65 (7.6%) 10 (4.7%) 55 (8.5%) 0.06
ILD*3 276 (32.1%) 69 (32.1%) 207 (32.1%) 0.99
Limited [LD** 174 (67.6%) 47 (77.1%) 128 (64.7%) 0.07
Extensive ILD** 84 (32.4%) 14 (23.0%) 70 (35.4%)

FVC (%, baseline®) 96 (83-107) 94 (82-105) 96 (84-108) 0.24
DLCO (%, baseline®) 71 (58-84) 76 (62-91) 69 (57-81) <0.01
LVEF<50%* 55 (6.5%) 12 (5.7%) 43 (6.8%) 0.60
Digital ulcers* 508 (59.1%) 103 (47.9%) 405 (62.9%) <0.01
Raynaud’s phenomenon* 856 (99.7%) 213 (99.1%) 643 (99.8%) 0.10
SSc renal crisis* 28 (3.3%) 9 (4.2%) 19 (3.0%) 0.38
BMI<18.5kg/m>* 84 (9.9%) 21 (10.1%) 63 (9.9%) 091
Gastrointestinal symptoms*¢ 828 (96.5%) 197 (91.6%) 631 (98.1%) <0.01
Multimorbidity’ 228 (26.5%) 42 (19.5%) 186 (28.9%) <0.01
Anaemia (Hb<120g/L)* 379 (44.5%) 71 (33.5%) 308 (48.2%) <0.01
Hypoalbuminaemia (Albumin<35g/L)* 296 (34.8%) 69 (32.6%) 227 (35.6%) 0.42
SF-36 MCS (baseline’) 47.6 (37.3-55.3) 459 (38.4-54.5) 479 (37.1-55.5) 041
SF-36 PCS (baseline®) 40.5 (30.4-50.7) 39.7 (31.3-51.0) 40.6 (30.2-50.5) 0.39
Prednisolone* 399 (46.5%) 84 (39.1%) 315 (48.9%) 0.01
Non-corticosteroid immunosuppression*® 474  (55.2%) 132 (61.4%) 342 (53.1%) 0.03

ANA: antinuclear antibody; ILD: interstitial lung disease; LVEF: left ventricular ejection fraction; MSS: Medsger Severity Score; PAH: pulmonary arterial

hypertension; SSc: systemic sclerosis.

*Denotes ever from SSc onset. 'Incident SSc defined as <5 years from SSc onset to recruitment with a FACIT-Fatigue score recorded within 5 years of
recruitment. Prevalent SSc defined as >5 years from SSc onset to recruitment, or those with no FACIT-Fatigue score recorded within 5 years’ of SSc onset.
SILD defined as radiographic disease on chest high-resolution computed tomography. “ILD severity was defined by the extent of radiological involvement
and percent-predicted forced vital capacity (FVC) (limited: <20% HRCT involvement or 20-30% with FVC=70%, or extensive: >30% HRCT involvement
or 20-30% with FVC<70%). “Baseline values recorded within first 5 study visits. °Gastrointestinal symptoms defined as reflux, dysphagia, vomiting, consti-
pation, diarrhoea, bloating or faecal incontinence at each study visit. ’Multimorbidity defined as Charlson Comorbidity Index Scores =4. ®Non-corticosteroid
immunosuppression defined as use of any non-corticosteroid immunosuppressive agent from recruitment, including conventional synthetic or biologic

disease-modifying antirheumatic drugs or IVIG.

sent if ever reported from SSc diag-
nosis. Disease features, comorbidities
and medication use were recorded at
each study visit from patient-reported
history and medical record review.
Multimorbidity was calculated using
Charlson Comorbidity Index Scores
(Supplementary Appendix 1).

Statistical analysis

Characteristics of study participants
are presented as mean [standard de-
viation (SD)], median [interquartile
range (IQR)], or as number (percent-
age) as appropriate. Between group
comparisons were made using the
chi-squared test, two-sample t-test or
Wilcoxon rank-sum test as appropriate.
Statistical significance was defined as
two-tailed p-value <0.05. Generalised
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estimating equations (GEE) using an
exchangeable correlation structure
were used to model FACIT-Fatigue
scores longitudinally. 95% confidence
intervals (CI) are presented. Models for
determinants of FACIT-Fatigue scores
were established in both incident and
prevalent SSc cohorts. As the mini-
mum clinically-important change in
FACIT-Fatigue scores in SSc is unde-
fined, we analysed FACIT-Fatigue as a
continuous variable (range 0-52 units),
with higher scores indicating less fa-
tigue, and lower scores indicating more
fatigue. Covariates were selected based
on clinical significance, and statistical
significance in univariable analyses.
Variables that introduced significant
confounding into the multivariable
models were excluded. Analyses were

performed using STATA 17.0 (Stata-
corp, USA).

Results

Of 1233 potentially eligible partici-
pants, 859 participants had a definable
disease subclass, disease onset date and
>1 FACIT-Fatigue score available (Sup-
pl. Fig. S1). The most common reason
for exclusion was absence of a FACIT-
Fatigue score (25.1%). Demographic
and disease features of those included
and excluded from GEE modelling
were similar other than more frequent
multimorbidity in included participants
(Suppl. Table S1). The study cohort
(n=859) had a median age of 47.2 (IQR
35.6-55.6) years and were predomi-
nantly Caucasian (89.0%) and female
(85.6%), with dcSSc in 24.3% (Table
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I). Median SSc duration was 11.1 (IQR
5.0-19.6) years at the time of the first
FACIT score, and 215 (25.0%) partici-
pants had incident SSc. Those with in-
cident SSc were older at SSc onset and
were more likely to be men with dcSSc
and Scl70 positivity. Participants with
prevalent SSc were more likely to have
digital ulcers, 1cSSc, ANA centromere
positivity and multimorbidity. While
there were no differences in frequency
of PAH or ILD overall, baseline dif-
fusion capacity for carbon monoxide
(DLCO) was lower in the prevalent
cohort (p<0.01), with more extensive
ILD in this group although not meeting
statistical significance (p=0.07). Short
Form-36 Survey (SF-36) mental and
physical component summary (MCS
& PCS) scores were similar between
groups at baseline.

FACIT-Fatigue scores in

incident and prevalent cohorts
First-recorded FACIT-Fatigue scores
were obtained 2.4 (IQR 1.3-3.5) years
after SSc onset in those with incident
SSc, and 144 (IQR 9.5-22.6) years
after SSc onset in those with preva-
Ient SSc. In the cohort overall, median
first-recorded FACIT-Fatigue score
was 36 (IQR 23.8-44) units, while me-
dian lowest (worst) recorded score was
22.8 (IQR 11-35) units. Median time
from first-recorded to lowest-recorded
FACIT-Fatigue scores was 1.3 years
(IQR 0-3.3 years) in incident SSc, and
1.0 year (IQR 0-3.5 years) in prevalent
SSc. First-recorded FACIT-Fatigue
scores were similar between groups
(incident 37 units (IQR 25-45.5); prev-
alent 36 units (IQR 23-44), p=0.17)
(Fig. 1). Lowest-recorded FACIT-
Fatigue scores were also similar be-
tween groups [incident 23 (IQR 10-36)
units; prevalent 22 (IQR 12-35) units,
p=0.75].

Associations of more severe

fatigue in incident SSc

Fatigue in incident SSc (n=215) was
associated with increasing skin scores
(regression coefficient (RC) -1.5 units,
95%CI -2.3 to -0.8, p<0.01) (Fig. 2A;
univariable analyses in Supplementary
Table S2). Cardiac manifestations in-
cluding reduced left ventricular (LV)
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Fig. 1. First and lowest recorded FACIT-Fatigue scores in those with incident and prevalent SSc

cohorts.

First-recorded score in incident SSc 37 units, IQR 25-45.5 and prevalent SSc 36 units, IQR 23-44
(p=0.17). Lowest-recorded score in incident SSc 23 units (IQR 10-36) units and prevalent SSc 22 (IQR

12-35) units (p=0.75).

FACIT: Functional Assessment Chronic Illness Therapy; IQR: interquartile range; SSc: systemic

sclerosis.

function (RC -10.6, 95%CI -18.3 to
-2.8,p<0.01) and PAH (RC -8.2 units,
95%CI -16.5 to 0.1, p=0.05). No sig-
nificant association was identified be-
tween ILD including extensive ILD
and fatigue scores. Gastrointestinal
symptoms were associated with in-
creasing fatigue although not meet-
ing statistical significance (RC -2.9,
95%CI -6.0 to 0.3, p=0.08). Markers of
systemic inflammation such as elevat-
ed CRP levels (RC -0.3,95%CI -3.3 to
2.8, p=0.87), hypoalbuminaemia (RC
-2.8, 95%CI -6.9 to 1.3, p=0.18) and
anaemia (RC -2.7, 95%CI -6.3 to 0.8,
p=0.13) had no significant relationship
with fatigue in incident SSc, nor did
BMI<18.5kg/m? (RC -1.4,95%CI -7.1
to 4.3, p=0.64). Both poorer mental
and physical well-being, as measured
by SF-36 mental (MCS) and physi-
cal component summary (PCS) scores
below the cohort median respectively
were associated with increased fatigue
burden in univariable analyses (MCS
RC -10.1 units, 95%CI -12.3 to -7.7,
p<0.01; PCS RC -12.2 units, 95%CI
-14.4t0 -10.1, p<0.01). However, these
variables were excluded from the mul-
tivariable models due to confounding.

Requirement for prednisolone at each
visit (RC -6.0 units, 95%CI -9.3 to
-2.7, p<0.01) and non-corticosteroid
immunosuppression (RC -5.7 units,
95%CI -8.1 to -3.2, p<0.01) were also
associated with worse fatigue, but due
to confounding were excluded from the
multivariable model.

Associations of more severe

fatigue in prevalent SSc

In patients with longstanding disease,
gastrointestinal symptoms and signs
(RC -6.6 units, 95%CI -9.0 to -4.2,
p<0.01), hypoalbuminaemia (RC -2.8
units, 95%CI -5.0 to -0.7, p=0.01)
and BMI<18.5kg/m? (RC -6.3 units,
95%CI -10.3 to -2.2, p<0.01) were all
significantly associated with fatigue
(Fig. 2B; univariable analyses in Suppl.
Table S2). Increased fatigue was again
observed in those participants with
increasing skin score (RC -0.6 units,
95%CI -1.3 to 0.0, p=0.05). Raised
CRP levels were associated with more
severe fatigue (RC -3.1, 95%CI -4.7
to -1.5, p<0.01), as was anaemia (RC
-1.7 units, 95%CI -3.5 to 0.1, p=0.06)
although not meeting statistical sig-
nificance. Age, PAH, ILD and reduced
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LV function were not associated with
fatigue scores in multivariable model-
ling. As in the incident cohort, both
SF-36 MCS and PCS scores below the
cohort median (MCS RC -10.1 units,
95%CI -11.3 to -9.0, p<0.01; PCS RC
-9.5 units, 95%CI -10.7 to -8.4, p<0.01)
were associated with more severe fa-
tigue in univariable analyses although
these variables were excluded from
the multivariable models due to sig-
nificant confounding. In univariable
analyses, requirement for prednisolone
at each visit was associated with a non-
significant worsening in fatigue (RC
-1.8 units, 95%CI -3.7 to 0.1, p=0.07)
whereas non-corticosteroid immuno-
suppression was not (p=0.34).

Discussion

These results highlight the significant
burden of fatigue in SSc. American
data have demonstrated median FAC-
IT-Fatigue scores of 47 in the general
population, 42 in non-anaemic cancer
patients and 23 in anaemic cancer pa-
tients(8). In comparison, first-recorded
FACIT-Fatigue scores were 36-37 in
our cohort, with lowest-recorded scores
of 22-23. This highlights that the bur-
den of fatigue in SSc is worse than in
the general population, including those
with active cancer, and at worst is simi-
lar to that of anaemic cancer patients
(8). Other data also suggest that indi-
viduals with SSc experience a similar
burden of fatigue to cancer patients (9).
Interestingly, we identified similar fa-
tigue scores in both those with incident
and prevalent SSc, however there were
important differences in clinical asso-
ciations of fatigue across the SSc dis-
ease course. A high burden of fatigue
is measurable from SSc onset and per-
sists, rather being limited to incident
cohorts with improvement as patients
adjust to their illness or the disease be-
comes less active.

These data provide a novel comparison
of the determinants of fatigue in both in-
cident and prevalent SSc cohorts. More
severe fatigue was associated with car-
diopulmonary disease in early disease,
while gastrointestinal symptoms had
a more prominent impact later in the
disease course. These data demonstrate
that severe fatigue can be associated
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A: Incident SSc Cohort (N=467 observations)

Variable Regression Coefficient LL95%Cl UL95%CI p
Age at each review (5-year increment) 1 02 0.7 0.3 0.38
MRSS (5-point increment) + -1.5 23 0.8 <0.01
PAH —_ 82 -16.5 0.1 0.05
Extensive ILD -t 36 19 9.1 0.20
LVEF<50% —_—t -106 -18.3 28 <0.01
Gastrointestinal Symptoms —— 29 6.0 03 0.08
Anaemia (Hb<120g/L) —t 27 63 0.8 0.13
Albumin<35g/L —— 28 69 1.3 0.18
BMI<18.5kg/m2 _ 14 74 43 0.64
CRP>5IU/L —— 03 33 28 0.87
Worsening Fatigue Scores | Improving Fatigue Scores
-20 -10 0 10
B: Prevalent SSc Cohort (N=1532 observations)

Variable Regression Coefficient LL95%CI UL95%CI p
Age al each review (5-year increment) + -0.2 -06 0.2 0.28
MRSS (5-point increment) -H 0.6 13 -0.0 0.05
PAH —_—t 0.3 36 31 0.88
Extensive ILD —— 0.3 25 30 0.85
LVEF<50% —_—t 05 49 59 086
Gastrointestinal Symptoms —_— 6.6 -9.0 -42 <0.01
Anaemia (Hb<120g/L) — -1.7 -3.5 01 0.06
Albumin<35g/L —_—t 28 50 -0.7 0.01
BMI<18.5kg/m2 —_— 6.3 -10.3 =22 <0.01
CRP>5IU/L — 341 47 A5 <0.01

Worsening Fatigue Scores | Improving Fatigue Scores

-10 5 0

5

Fig. 2. Multivariable GEE model for the determinants of a change in FACIT-Fatigue Scores.
Extensive ILD defined as >30% involvement on HRCT, or 20-30% HRCT involvement with
FVC<70%. Gastrointestinal symptoms defined as reflux, dysphagia, vomiting, constipation, diarrhoea,

bloating or faecal incontinence at each study visit.

BMI: body mass index; CRP: C-reactive protein; g/L: grams per litre; ILD: interstitial lung disease;
TU/L: international units per litre; kg/m?: kilograms per meters, squared; LVEF: left ventricular ejec-
tion fraction; MRSS: Modified Rodnan Skin Score; n: number; PAH: pulmonary arterial hypertension;

SSc: systemic sclerosis.

with many types of organ involvement.
Interestingly, the impact of both PAH
and LV systolic dysfunction attenuated
over time. We have previously identi-
fied that reduced LVEF in our cohort
is rare, often occurs at presentation and
recovers in around 60% (10); it is thus
unsurprising that its impact on fatigue
may resolve. Furthermore, the impact
of PAH may lessen over time if treat-
ment is initiated to ameliorate symp-
toms; we had insufficient longitudinal
data to explore this. Meanwhile, ILD
was associated with worse fatigue in
the prevalent cohort only in univari-
able analyses, with significance attenu-
ated in the multivariable model. This
may be because of the small number
of observations in the incident cohort
which limited the power of our analy-
ses to detect differences in this group,

or potentially development or pro-
gression of ILD over time. Similarly,
low BMI, whilst strongly associated
with fatigue in the prevalent cohort,
was uncommon in the incident cohort
meaning our analyses may have lacked
adequate statistical power to detect a
potential effect. Gastrointestinal dis-
ease tends to accrue over time in SSc
(11), so it follows that the impact of
gastrointestinal involvement on fatigue
was greater over time. Gastrointestinal
involvement in SSc may contribute to
fatigue in multiple ways: symptoms in-
cluding reflux, abdominal pain or diar-
rhoea may interfere with sleep, as well
as contribute to malabsorption and mi-
cronutrient deficiencies, supporting the
identified association between markers
of malnutrition and fatigue. This may
reflect the impact of malnutrition on

Clinical and Experimental Rheumatology 2024



fatigue, or that profound fatigue con-
tributes to reduced oral intake; fatigue
has been associated with poor nutrition
in elderly persons (12). Predictably,
raised inflammatory markers and anae-
mia were associated with more severe
fatigue in the prevalent cohort. Impor-
tantly, worse skin thickening, irrespec-
tive of disease duration, is associated
with severe fatigue.

Further studies are required to deter-
mine what interventions are effective in
ameliorating fatigue in SSc, particularly
those targeted at the SSc manifestations
identified as significant in this cohort.
Because of the observational nature of
our data, it was not possible to accu-
rately assess the impact of treatment on
fatigue as our treatment data tend to be
confounded by indication. Both current
use of prednisolone and other immu-
nosuppression tended to be associated
with worse fatigue. Other data suggest
that use of thyroxine may improve fa-
tigue in hypothyroid individuals with
SSc (13). Current guidelines recom-
mend using a biopsychosocial model
to address fatigue, encompassing tai-
lored physical activity and/or psychoe-
ducational interventions, and initiation/
change of disease-modifying agents as
required (14). Further controlled data
would be beneficial to explore the im-
pact of therapies on fatigue in SSc.
This study has limitations. As FACIT-
Fatigue scores were only routinely col-
lected in our dataset from 2016 onwards,
54% of the ASCS cohort did not have a
FACIT-Fatigue score, predominantly be-
cause participants were last seen prior to
2016 (n =288, 25.1%). PROMs are col-
lected annually prior to study visits and
thus are more likely to be collected in
stable outpatients. Data are not recorded
when participants are most severely un-
well or hospitalised when fatigue may
be at its worst. Also, conceivably as pa-
tients become more unwell, they may be
less likely to have completed PROMs
and therefore the burden of fatigue may
be under-reported in our dataset. Fur-
thermore, non-English speaking patients
may be less likely to complete PROMs.
Our incident cohort was limited by a
relatively low number of observations.
Annual collection of study data may
also miss important change in fatigue
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that could occur on a more rapid basis.
Finally, formal diagnosis of a mood dis-
order including depression, or treatment,
is not collected in the ASCS; nor is ILD
pattern on HRCT so these data could not
be included.

Conclusions

There is a significant burden of fatigue
in SSc, akin to that of patients with ac-
tive cancer. Fatigue appears to remain
problematic throughout the course of
SSc, with similar fatigue scores in both
incident and prevalent SSc. Higher skin
scores, cardiopulmonary disease, poor
nutritional status, and gastrointestinal
symptoms are significant determinants
of fatigue. The role of disease-specific
interventions targeting these manifes-
tations should be explored as a strategy
to improve fatigue in SSc.
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