Three-year trajectories of disability and fatigue
in systemic sclerosis: a cohort study
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ABSTRACT

Objective. Functional disability and
fatigue are important consequences
of systemic sclerosis (SSc), but little
is known about their course over time.
The aim of this study was to identify
and characterise homogeneous sub-
groups with distinct 3-year trajectories
of disability and fatigue, separately.
Methods. A 3-year cohort study in-
cluding 215 patients with SSc was
conducted. Functional disability was
assessed using the Health Assessment
Questionnaire-Disability Index (HAQ-
DI). Fatigue was assessed using the
SF-36 Vitality subscale. Longitudinal
trajectories were identified using latent
class growth analyses (LCGA). Base-
line patient characteristics were com-
pared across classes using multivari-
able logistic regression.

Results. Two disability classes were
identified: a ‘low’ group (n=133) with
low baseline HAQ-DI scores (inter-
cept=048) and slight, statistically
non-significant  deterioration  over
time (slope=0.01), and a ‘high’ group
(n=82) with high baseline HAQ-DI
scores (intercept=1.63) and also slight,
statistically non-significant deteriora-
tion over time (slope=0.01). Patients
in the high disability group were more
likely to be female, have higher fatigue,
more helplessness, and less emotion-
focused coping. Two fatigue classes
were identified: an ‘average’ group
(n=99) with average baseline Vitality
scores (intercept=53.9) and slight, sta-
tistically non-significant deterioration
over time (slope=-0.23), and a ‘high’
fatigue group (n=116) with low base-
line Vitality scores (intercept=39.8)
and also slight, but non-significant
deterioration over time (slope=-0.15).
Patients in the high fatigue group were
more likely to be female, report more
impact of lung involvement, and less
acceptance.

Conclusion. Functional disability and
fatigue trajectories in SSc were rela-
tively stable over a 3-year period, and
differences in baseline scores, but not
slopes, defined classes.

Introduction

Systemic sclerosis (SSc, or scleroder-
ma) is a rare chronic connective tis-
sue disease, characterised by vascular
damage and collagen deposition in the
skin and internal organs (1). SSc may
cause dysfunction of the lungs, heart,
kidneys, gastrointestinal tract, and the
musculoskeletal system. Patients expe-
rience a broad range of symptoms, with
fatigue, Raynaud’s phenomenon, joint
pain, stiffness of hands, muscle pain
and difficulty sleeping reported most
frequently, impacting different aspects
of life such as employment status (2-
5). Clinical manifestations of SSc and
progression of the disease are highly
variable among patients, and can vary
widely over time (6). However, little
is known about the course over time
of problems important to patients with
SSc, such as disability and fatigue.
Two longitudinal studies have reported
that, overall, disability in patients with
SSc increases slighty over time (7, 8).
Disease characteristics most strongly
associated with the course of disability
were diffuse disease subtype, breathing
problems, and more skin thickening.
The course of disability varied wide-
ly across individuals in these studies,
however, suggesting that subgroups of
patients may exist with a distinct dis-
ability progression over time, that may
warrant different treatment approaches.
In other rheumatic diseases, the course
of disability over time was found to
be associated with sociodemographic
characteristics, e.g. age and education
level; clinical variables including body
mass index, pain, number of comor-
bidities, and fatigue; and psychosocial
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characteristics such as acitivity avoid-
ance, depressive symptoms, and per-
ceived self-efficacy (9-11).

In addition to functional disabilities,
patients with SSc have rated fatigue
amongst their most prevalent symp-
toms, and reported that fatigue has a
major impact on the ability to carry out
everyday activities (4, 5, 12-15). Lev-
els of fatigue in SSc were similar to
fatigue experienced by cancer patients
in active treatment and patients with
other rheumatic diseases, and higher
compared with the general population
and cancer patients in remission (16).
To date, only one study has examined
the course of fatigue in patients with
SSc (17) and reported that levels of
fatigue fluctuated in some individuals,
but that the overall cohort did not show
a significant trend of change over time.
In that study, fatigue severity over time
was associated with pain, severity of
gastrointestinal and lung involvement,
and psychological variables (17). No
studies, however, have examined the
possibility of the existence of homo-
geneous subgroups with distinct tra-
jectories of fatigue in SSc. Identifying
these subgroups may help health care
providers to target therapy to high-risk
groups that are most likely to benefit
from interventions addressing fatigue.
The aim of the present study was to
examine change in disability and fa-
tigue in patients with SSc over time,
to identify homogeneous subgroups
with distinct trajectories of disability
and fatigue, and to assess differences
in baseline demographic, disease, and
psychosocial characteristics of these
subgroups.

Methods

Patients and procedures

Data were collected between June
2008 and August 2013 in patients clas-
sified as having SSc according to the
American College of Rheumatology
criteria (18) under treatment in the
Sint Maartenskliniek or Radboud Uni-
versity Medical Center Nijmegen, the
Netherlands. At baseline, medical data
were recorded by the attending rheu-
matologist, and patients completed
sets of questionnaires every 6 months
for 3 years. Exclusion criteria were a
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life expectancy of <1 year, acute se-
rious complications (e.g. acute renal
crisis), severe psychiatric comorbidity
(e.g. severe substance abuse, psycho-
sis or dementia), other serious comor-
bidities (e.g. cancer), and insufficient
knowledge of the Dutch language.
The attending rheumatologist invited
eligible patients to participate during a
patient’s regular visit to the outpatient
clinic. Patients provided informed
consent, and the local medical ethics
board (CMO 2008/109) approved the
study.

Measures

* Qutcome measures

Functional disability was measured
with the Health Assessment Question-
naire - Disability Index (HAQ-DI)
(19). The HAQ-DI includes 20 items
covering 8 dimensions of functioning
and is rated on a scale from 0 (without
any difficulty) to 3 (unable tot do). For
each domain the highest (worst) score
is used to calculate the HAQ-DI total
score, with each of the domains valued
equally. Total HAQ-DI scores range
from O (no disability) to 3 (severe dis-
ability). The HAQ-DI showed good va-
lidity and responsiveness to change in
patients with SSc (8, 20, 21).

Fatigue was assessed with the 4-item
Vitality subscale of the Medical Out-
comes Study Short Form 36 (SF-36),
assessing a patient’s level of fatigue
during the previous four weeks (22).
Items are scored on a 5-point Likert
scale (1 = all the time, 5 = none of the
time). Total SF-36 Vitality scores are
normalised based on US population
data (M = 50, SD = 10), with higher
scores indicating less fatigue. The SF-
36 is a reliable and valid measure in
patients with SSc (21).

* Baseline characteristics
Demographic variables included age,
gender, marital status (married vs. not
married), and education (<12 years vs.
>12 years of education).

Disease variables were provided by the
attending rheumatologist and included
disease subtype (limited SSc vs. dif-
fuse SSc), disease duration (defined
as the time since onset of the first non-
Raynaud’s symptom), antibody profile

(anticentromere antibody (ACA) and
antitopomerase antibody (anti-TOPO);
positive vs. negative). In addition, pa-
tients rated the impact of disease symp-
toms (Raynaud’s phenomenon, digital
ulcers, gastrointestinal ~symptoms,
breathing problems, and pain) on a 10-
cm visual analogue scale (VAS) rang-
ing from O “does not interfere” to 100
“very severe limitation”.

Because previous research has shown
that psychosocial factors were related
to physical disability and fatigue cross-
sectionally and over time, measures of
cognitions, coping, and social support
were recorded. The Illness Cognition
Questionnaire (ICQ) (23) consists of
18 items that assess disease cognitions
of helplessness, acceptance, and dis-
ease benefits. Participants rated their
agreement with the statements on a
4-point Likert scale, ranging from 1
(not at all) to 4 (completely). Higher
scores on the subscales represented
higher level of agreement with a par-
ticular disease cognition. The ques-
tionnaire showed good psychometric
properties in chronic diseases (23). The
Coping Inventory Stressful Situations
(CISS) (24) includes 48 items that as-
sess three coping strategies including
problem-focused coping, emotion-
focused coping, and avoidance. Items
were scored on a 5-point Likert scale,
ranging from 1 (not at all) to 5 (very
much). Higher scores indicate a greater
use of that particular coping style. The
CISS scales demonstrated good reli-
ability and validity across samples (24,
25). The Personal Resources Question-
naire-85 Part 2 (PRQ-85) (26) includes
25 items that assess patients’ perceived
level of social support using a 7-point
Likert scale ranging from 1 (strongly
disagree) to 7 (strongly agree). Higer
scores indicate greater availability of
and satisfaction with social support.
There is strong evidence for the valid-
ity and reliability (27).

Statistical analysis

e Identification of classes

Descriptive statistics are provided as
means and standard deviations (SD)
for continuous variables and percent-
ages for categorical variables. Latent
class growth analysis (LCGA) was
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conducted using MPlus to identify tra-
jectories (classes) over time for disa-
bility and fatigue separately, following
the guidelines described by Jung and
Wickrama (28). LCGA estimates indi-
vidual differences (variability) in pa-
rameters reflecting participants’ change
in outcome over time. Individuals are
classified into latent classes based upon
similar patterns in the outcome of inter-
est (i.e., disability and fatigue, respec-
tively). LCGA assumes no within-class
variation on the growth factors. Thus,
all individual longitudinal trajectories
within a subgroup are considered to
be homogeneous, leading to a clearer
identification of classes. MPlus’ full
information maximum likelihood esti-
mation for handling missing data was
applied.

Following the guidelines, a single-class
growth curve model was specified, as
well as a three-class model. To deter-
mine the number of classes in the sam-
ple, the three-class model was com-
pared with a two-class and four-class
model. In total, the fit of four uncon-
ditional latent class models (i.e., mod-
els with no covariates) were estimated,
with one to four linear trajectories, for
fatigue and disability seperately. The
number of trajectories was determined
based on fit indices, model parsimony,
and clinical interpretability. The model
with the best fit has the smallest Bayes-
ian Information Criterion (BIC), and
significant p-values (p<0.05) for the
Vuong-Lo-Mendell Ruben Likelihood
Ratio Test (LMR-LRT) and the Boot-
strap Likelihood Ratio Test (BLRT),
which indicate that a model with a k
number of classes has a better fit than
a model with k-/ number of classes.
Other model fit considerations were a
higher entropy statistic (near 1.0), indi-
cating the degree to which latent trajec-
tories may be clearly distinguished, and
higher posterior probabilities of group
membership (near 1.0), indicating the
degree to which individuals have been
correctly classified into a class. For
clinical interpretability, we also con-
sidered the number of participants (not
less than 10% of total sample) of the
identified classes.

After LCGA was conducted, we pro-
ceeded to fit a growth mixture model
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(GMM) that freely estimates the with-
in-class variances. However, by allow-
ing this variation in covariance matri-
ces, the model did not reach conver-
gence. Therefore, the results provided
by the LCGA regarding the number
of classes of trajectories were used in
further exploratory analyses. For each
individual patient in the database, the
predicted class of the best fitting model
(i.e., with the optimal number of sub-
groups) was obtained.

e Baseline characteristics of classes
We compared baseline demographic,
disease, clinical, and psychosocial
characteristics between the identified
classes using univariate and multi-
variate logistic regression analyses,
for functional disability and fatigue
separately. Multivariate Imputation by
Chained Equation (MICE) was used to
produce 20 complete datasets, using 15
cycles for each dataset (29). Results of
the imputed datasets were combined
following Rubin’s rules (30).

First, univariate associations of base-
line characteristics with the classes of
disability and fatigue were calculated.
Next, to understand the independent
contribution of the baseline character-
istics, multivariate logistic regression
analyses were conducted. Because the
number of variables in the regression
models would lead to overfitting of the
model, we were not able to enter all the
variables that were univariately associ-
ated into the multivariable regression
analysis. Therefore, we pre-selected
characteristics before fitting the fi-
nal model by dividing the variables
of interest in four blocks: one block
included the demographic variables
(age, gender, education, employment,
marital status); another block included
the disease characteristics (time since
onset first non-Raynaud symptom, sub-
type SSc, ACA, anti-TOPO); the third
block included the self-reported clini-
cal characteristics [impact of gastro-
intestinal involvement, lung involve-
ment, Raynaud’s phenomenon, and
digital ulcers, SF-36 Vitality subscale
(in the disability model), and HAQ-DI
(in the fatigue model)]; and the final
block included the psychosocial char-
acteristics [ICQ helplessness and ac-

ceptance; CISS problem-focused cop-
ing, emotion-focused coping, avoid-
ance coping; social support (PRQ-85)].
For each block, we used a backward
stepwise regression (in each step, a
variable was removed if p>0.10) to
determine which variables to include
in the final logistic regression model.
All selected variables that were entered
simultaneously in the final regression
model. As pain may have substantial
conceptual overlap with fatigue and
disability, it was not included in the
primary analyses. A sensitivity analy-
sis was conducted to examine the as-
sociation of pain with disability and fa-
tigue, respectively. A second sensitivity
analysis was conducted where we ran
the final regression model with com-
plete cases only. Finally, we assessed
the frequency distributions between the
classes of disability and fatigue using a
chi-squared test.

LCGA was performed in Mplus7 and
the logistic regression analyses in Stata
13.

Results

Sample characteristics

In total, 279 patients were invited
to participate in the cohort study, of
whom 215 completed the baseline
questionnaire. After 3 years, 54 partici-
pants (25.1%) had dropped out (Fig.
1). At baseline, the mean age (SD) of
the 215 participants was 56.4 (12.0)
years, 67.9% were women, and most
participants were married or cohabiting
(76.3%). The mean disease duration
measured from the first non-Raynaud’s
symptom to baseline was 9.2 (8.0)
years, and 75.1% of participants had
limited SSc. Baseline characteristics
are presented in Table I. The total num-
ber of missing values among the 22
baseline characteristics was 50 (1.1%),
corresponding to 36 participants.

Course of disability

For the complete sample, the inter-
cept of the HAQ-DI score generated
with Mplus was 0.92 (95% confidence
interval [CI] 0.83 to 1.01), indicat-
ing mild to moderate disability. There
was a slight increase in HAQ-DI score
(more disability) over time (slope 0.02;
95% CI 0.01 to 0.03), equivalent to an
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Loss to follow-up (n=15):
Death (n=5)
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Missing: n=14 [

H
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6 month follow-up
(T1): n=186
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Unknown (n=4)

Loss to follow-up (n=7):

Death (n=2)

Medical problems (n=2)
Survey too difficult or takes too

v

H

Missing: n=28 [¢

v

1 year follow-up
(T2): n=165

much time (n=2)
Unknown (n=1)

Loss to follow-up (n=9):
Death (n=2)
Medical problems (n=4)

H

Missing: n=17 [¢

v

1.5 years follow-up
(T3): n=167

v

Survey takes too much time (n=1)
No longer receiving treatment (n=1)
Unknown (n=1)

Loss to follow-up (n=11):
Death (n=4)

Missing: n=20 [«

v

2 years follow-up

> Medical problems (n=2)
Improved health (n=1)

Old age (n=1)

Survey too difficult or takes too
much time (n=2)

Unknown (n=1)

(T4): n=153
Missing: n=25 |« >
v
2.5 years follow-up
(T5): n=138

Loss to follow-up (n=10):

Death (n=5)

Medical problems (n=2)
Changed hospital (n=1)

Survey takes too much time (n=1)
Survey too confronting (n=1)

Missing: n=1 i<

v

3 years follow-up
(T6): n=142

Fig. 1. Study flowchart.

v

Loss to follow-up (n=2):
Death (n=1)
Medical problems (n=1)

average increase in HAQ-DI score of
0.04 per year, or 0.12 over 3 years. The
number of participants with a missing
HAQ-DI score was 1 (0.5%) at base-
line, and increased to 76 (35.3%) after
3 years.

e Identification of classes

For disability, a two-class model was
identified as most appropriate based
on fit indices, internal reliability, and
interpretability (Table II). In the three-
class model, compared with the two-
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class model, the BIC was better, but
the entropy was lower and the LMR-
LRT was non-significant. The posterior
probabilities were also better in the
two-class model.

The two subgroups differed in the base-
line values (intercepts) of the HAQ-DI
and there were only small, statistically
non-significant, changes in disability
over time; both classes showed trajec-
tories of slight worsening of disability.
The first subgroup consisted of 133
participants and was defined as ‘low

disability’, as particpants reported low
baseline disability scores (intercept
0.48; 95% CI 0.38 to 0.58) and the
slope was 0.01 (95% CI 0.00 to 0.02).
The second subgroup was defined as
‘high disability’, as the 82 participants
showed high baseline disability scores
(intercept 1.63; 95% CI 1.45 to 1.82)
and the slope was 0.01 (95% CI -0.01
t0 0.03).

e Baseline characteristics of classes
The results of the univariate and multi-
variate regression analyses comparing
baseline characteristsics of the partici-
pants between the two disability class-
es are shown in Tables I and III. Eight
variables were selected to be included
in the final model. Participants in the
high disability class were characterised
by: female gender, more fatigue, more
helplessness, and less emotion-focused
coping.

The results from the complete cases
sensitivity analysis differed slightly
from the model with imputed data, in
that female gender was not a significant
characteristic of the high disability sub-
group. In the sensitivity analysis with
pain added to the final model, results
differed from the model without pain
(data not shown): emotion-focused
coping and pain were significant char-
acteristics of disability classification,
but not female gender, fatigue, and
helplessness.

Course of fatigue

The intercept of the SF-36 Vital-
ity score for the complete sample was
46.42 (95% CI 45.15 to 47.69), and
there was a slight decrease (more fa-
tigue) over time (slope -0.23; 95% CI
-0.41 to -0.05), equivalent to an aver-
age decrease in SF-36 Vitality score
of 0.46 per year, or 1.38 over 3 years.
The number of participants with miss-
ing SF-36 Vitality scores was 3 (1.4%)
at baseline and increased to 74 (34.4%)
after 3 years.

e Identification of classes. For fatigue,
a two-class model was identified as
most appropriate (Table IV). In the
three-class model, compared with the
two-class model, the BIC and entropy
were better, but the LMR-LRT was
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Table I. Baseline characteristics of the identified subgroups of disability and fatigue.

Total Subgroup 1 Subgroup 2 Subgroup 1 Subgroup 2
n=215 Low disability High disability Average fatigue High fatigue
n=133 n=82 n=99 n=116
Demographics
Age, mean (SD), years 564 (12.0) 55.1 (12.4)* 58.7 (11.0) 570 (11.5) 56.0 (12.4)
Female, n (%) 146 (67.9) 82 (61.7)* 64 (78.0) 53 (53.5)* 93 (80.2)
Higher education (> 12 years), n (%) 88 (41.1) 65 (49.2)* 23 (28.0) 45 (45.9) 43 (37.1)
Currently employed, n (%) 71 (32.9) 59 (44.1)* 12 (14.6) 40 (40.1)* 31 (26.7)
Married/ cohabiting, n (%) 164 (76.3) 107 (80.5) 57 (69.5) 80 (80.9) 84 (72.4)
Disease characteristics
Time since onset first non-Raynaud symptom, 9.2 (8.0) 9.1 (8.3) 9.3 (7.5) 84 (6.8) 9.8 (8.9)
mean (SD), years
Patients with limited SSc, n (%) 162 (75.1) 102 (76.4) 60 (73.0) 73 (73.6) 89 (76.4)
ACA positive, n (%) 54 (25.1) 34 (25.6) 20 (244) 25 (25.3) 29 (25.0)
Anti-TOPO positive, n (%) 57 (26.5) 40 (30.1) 17 (20.7) 34 (34.3)* 23 (19.8)
Clinical factors
VAS gastrointestinal involvement, mean (SD) 18.8 (24.6) 15.1 (22.4)* 24.8 (26.8) 9.8 (16.4)* 264 (27.7)
VAS lung involvement, mean (SD) 262 (26.4) 17.8 (21.3)* 399 (282) 12.5 (15.1)* 379 (284)
VAS Raynaud’s phenomenon, mean (SD) 41.2 (28.8) 375 (27.9)* 472 (294) 30.7 (26.7)* 50.2 (27.6)
VAS digital ulcers, mean (SD) 23.7 (29.9) 202 (274)* 29.3 (32.6) 142 (22.2)* 31.8 (32.9)
VAS pijn, mean (SD) 284 (24.7) 21.8 (21.5)* 392 (25.7) 19.1 (19.6)* 364 (25.8)
HAQ-DI, mean (SD) 091 (0.70) 047 (0.38)* 1.61 (0.51) 0.57 (0.56)* 1.19 (0.69)
SF-36 Vitality subscale, mean (SD) 46.8 (10.0) 498 (9.9)* 42.1 (84) 550 (74)* 399 (6.0)
Psychosocial factors
Helplessness (ICQ), mean (SD) 12.7 (4.3) 11.6 (3.8)* 145 (4.5) 10.5 (3.5)* 145 (4.0)
Acceptance (ICQ), mean (SD) 164 (4.1) 16.7 (3.8) 15.8 (4.6) 18.1 (3.6)* 149 (4.0)
Problem-focused coping (CISS), mean (SD)  50.6 (11.0) 509 (10.6) 50.1 (11.6) 500 (11.2) 51.1 (10.8)
Emotion-focused coping (CISS), mean (SD) 34.0 (11.7) 347 (12.2) 329 (10.8) 30.2 (10.0)* 37.3 (12.1)
Avoidance coping (CISS), mean (SD) 404 (9.9) 40.7 (10.1) 399 (9.7) 404 (10.6) 404 (9.3)
Social support (PRQ-85), mean (SD) 131.5 (20.6) 1353 (19.5)* 1254 (21.0) 1364 (18.2)* 127.3 (21.7)

SSc: systemic sclerosis; ACA: anticentromere anitbody; anti-TOPO: antitopomerase antibody; VAS: visual analogue scale; HAQ-DI: Health Assessment
Questionnaire - Disability Index; SF-36: Short-Form 36 Health Survey; ICQ: Illness Cognition Questionnaire; CISS: Coping Inventory Stressful Situations;
PRQ-85: Personal Resources Questionnaire 85. *p<0.05.

Table II. Fit indices, entropy and average posterior probabilities across models with different number of subgroups with distinct trajectories

of disability.
No. of subgroups BIC LMR-LRT BLRT Entropy n Posterior Intercept Slope linear
probabilities (95% CI) (95% CI)

2 1532.53 0.015 <0.0001 0.921 133 0.98 0.48 (0.38,0.58) 0.01 (0.00,0.02)
82 0.97 1.63(1.45,1.82) 0.01 (-0.01,0.03)

3 1154.35 0.31 <0.0001 0.897 59 0.95 1.84 (1.56,2.11) 0.01 (-0.02,0.03)
82 0.95 0.27 (0.19,0.36) 0.01 (-0.01,0.02)
74 0.95 091 (0.61,1.20) 0.02 (0.00,0.04)

4 964.13 0.16 <0.0001 0.920 73 0.97 0.25(0.17,0.33) 0.01 (-0.01,0.02)
56 0.96 1.59(1.39,1.79) 0.02 (0.00,0.04)
13 0.94 240 (2.15,2.64) 0.03 (-0.04,0.10)
73 0.94 0.82(0.67,0.97) 0.02 (0.00, 0.05)

BIC: Bayesian Information Criterion; LMR-LRT: Vuong-Lo-Mendell Rubin Likelihood Ratio Test; BLRT: Bootstrap Likelihood Ratio Test; CI: confidence

interval.

non-significant. The posterior prob-
abilities were also better in the two-
class model.

The two fatigue subgroups differed in
their baseline values (intercepts) of the
SF-36 Vitality subscale and both sub-
groups showed small, statistically non-
significant, worsening of fatigue over
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time. The first subgroup consisted of
99 participants and was defined as ‘av-
erage fatigue’, as participants fatigue
levels were virtually similar to a US
norm population (intercept 53.94; 95%
CI 51.44 to 56.45) and the slope was
-0.23 (95% CI -0.49 to 0.04). The sec-
ond subgroup was defined as ‘high fa-

tigue’, as the 116 participants showed
high baseline fatigue (intercept 39.81;
95% CI 38.30 to 41.32) and the slope
was -0.15 (95% CI -0.47 to0 0.17).

* Baseline characteristics of classes

The results of the univariate and mul-
tivariate regression analyses comparing
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Table III. Final model of baseline characteristics associated with subgroup membership for
fatigue and disability, multivariable logistic regression analysis.

Fatigue

high fatigue (n=116) vs.
average fatigue (n=99)

high disability (n=82) vs.

Disability

low disability (n=133)

OR  95% CI p OR  95%CI p

Demographics

Female sex 459 1.87-11.30 <001 221 1.01-485 0.05

Higher education (> 12 years) 051 0.24-1.09 0.08

Currently employed 141 057-347 046 050 022-1.16 0.11
Disease characteristics

Anti-TOPO positive 053 021-1.36 0.19
Clinical factors

VAS gastrointestinal involvement (0-100) 1.01 0.99-1.03  0.15

VAS lung involvement (0-100) 1.05 1.02-1.07 <0.01 101 1.00-1.03 0.06

VAS Raynaud’s phenomenon (0-100) 1.01 1.00-1.03 0.07

HAQ-DI (0-3) 1.79 086-3.71 0.12

SF-36 Vitality subscale (0-100) 094 0.90-099 0.02
Psychosocial factors

Helplessness (ICQ) (6-24) 1.14 0.99-130 006 1.12 1.01-1.25 0.04

Acceptance (ICQ) (6-24) 0.84 0.74-095 <0.01

Emotion-focused coping (CISS) (16-80) 095 091-098 <0.01

Social support (PRQ-85) (25-175) 099 097-101 026 098 0.97-1.00 0.07

Anti-TOPO: antitopomerase antibody; VAS: visual analogue scale; HAQ-DI: Health Assessment
Questionnaire - Disability Index; SF-36: Short-Form 36 Health Survey; ICQ: Illness Cognition Ques-
tionnaire; CISS: Coping Inventory Stressful Situations; PRQ-85: Personal Resources Questionnaire

85; OR: odds ratio; CI: confidence interval.

baseline characteristsics of the partici-
pants in the two identified subgroups
are shown in Tables I and III. Ten vari-
ables were selected for the final model.
Participants in the high fatigue class,
compared with participants in the av-
erage fatigue class, were characterised
by: female gender, more impact of lung
involvement, and less acceptance.

In both sensitivity analyses, adding pain
to the final model and only including

complete cases, results were virtually
similar to those from the model without
pain (data not shown).

Distribution of disability

and fatigue classes

Approximately one-third (31%) of the
patients could be classified to both the
high disability and high fatigue groups,
whereas 39 percent (n=83) of the co-
hort was classified to both the low dis-

ability and average fatigue groups (Ta-
ble V). There was a statistically signifi-
cant association between the disability
subgroups and the fatigue subgroups
(p<0.01).

Discussion

The main finding of our 3-year obser-
vational study was that disability and
fatigue in SSc are relatively stable over
time. Overall, both disability and fa-
tigue deteriorated slightly over time;
HAQ-DI scores increased on average
with 0.04 points per year, and SF-36
Vitality scores decreased with 0.46
points per year. We identified a low and
a high subgroup for disability, and an
average and high subgroup for fatigue.
Classes differed in baseline character-
istics, but had similar trajectories over
time, with small, statistically non-sig-
nificant worsening of symptoms over
time. Thus, differences in baseline
scores, but not slopes, defined classes.
Patients in the high disability group
were more likely to be female, have
higher fatigue, more helplessness, and
less emotion-focused coping. Howev-
er, when pain was entered in the model,
emotion-focused coping and pain were
the only significant characteristics of
disability classification, indicating that
pain is an important factor in relation to
disability, which role needs to be fur-
ther explored.

Our findings are in line with previous
studies that have examined change in
disability over time in patients with

Table IV. Fit indices, entropy and average posterior probabilities across models with different number of subgroups with distinct trajecto-

ries of fatigue.

BIC LMR-LRT

BLRT

No. of subgroups

Entropy n

Posterior

probabilities

Intercept
(95% CI)

Slope linear
(95% CI)

2 8068.14 0.003

3 7853.00 0.095

4 7812.30 0.051

<0.0001

<0.0001

<0.0001

0.852 99
116

0.862 90
28
97

0.821 16
80
41
78

0.96
0.96

0.94
0.92
0.94

0.93
0.85
0.85
0.95

53.94 (51.44, 56.45)
39.81 (38.30, 41.32)

49.41 (46.57,52.26)
62.27 (56.38, 68.16)
38.81 (37.35,40.28)

64.73 (62.24,67.23)
46.71 (43.75,49.66)
55.36 (53.12,57.61)
38.07 (36.06, 40.08)

-0.23 (-0.49, 0.04)
0.15 (-0.47,0.17)

-0.06 (-0.33,0.21)
-0.39(-0.81,0.03)
-0.29 (-0.60, 0.02)

-0.22 (-0.74,0.30)

0.02 (-0.34,0.39)
-0.36 (-0.80,0.08)
-0.30 (-0.61,0.01)

BIC: Bayesian Information Criterion; LMR-LRT: Vuong-Lo-Mendell Rubin Likelihood Ratio Test; BLRT: Bootstrap Likelihood Ratio Test; CI: confidence

interval.
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Table V. Frequency distributions between the classes of disability and fatigue.

Average fatigue, n (%)

High fatigue, n (%) Total, n (%)

Low disability, n (%) 83 (38.6)
High disability, n (%) 16 (7.4)
Total, n (%) 99 (46.0)

50 (23.3) 133 (61.9)
66 (30.7) 82 (38.1)
116 (54.0) 215 (100)

SSc (7, 8). Among 745 Canadian SSc
patients, an increase in HAQ-DI score
that ranged from 0.12 to 0.21 over
3 years was reported (7). The mini-
mum clinically important difference
(MCID), which defines the smallest
change in a health measure’s score that
patients identify as important (31), for
the HAQ-DI has been suggested to be
up to 0.14 in patients with SSc (32, 33).
Thus, the change over 3 years that we
found in our cohort is in the range of
a clinically meaningful change for pa-
tients with SSc.

In line with a previous study including
256 SSc patients with early SSc, fa-
tigue levels in our study changed only
slightly over time in the overall sample
and in the two classes separately (17).
The MCID for the SF-36 Vitality scale
is unknown for SSc, but has been sug-
gested to be 14.8 for patients with RA
(34). Thus, our finding that the SF-36
Vitality score decreases by 1.38 over 3
years indicates that this change is not
clinically meaningful.

Self-reported impact of lung problems
was an important characteristic of the
patients with high baseline fatigue in
our study. This was in line with the
cohort of Assessi et al., where diffuse
capacity of the lung for carbon mon-
oxide (DLco) was predictive of change
in fatigue severity (17), suggesting that
patients with more extensive lung in-
volvement are more likely to experi-
ence worse fatigue.

The results of our study have impli-
cations for clinical practice. Remark-
ably, but in line with results of previ-
ous studies (17, 35), SSc subtype and
disease duration were not identified as
characteristics of the high disability
and high fatigue group, whereas cogni-
tions and coping were associated with
these groups. This implies that psy-
chosocial factors could be considered
targets for treatment that focuses on
reducing disability and fatigue and its
impact on daily activities. Treatment
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should ideally be targeted to those who
are most likely to benefit, thus prefer-
ably to patients experiencing both high
disability and high fatigue, which is
approximately one-third of the patients
in our study. Further research should
focus specifically on these patients
and need to identify the best strategy
to target these consequences of SSc.
An important research question might
be, whether it is more effective to pro-
vide an intervention that targets both
disability and fatigue at the same time
or whether addressing the most both-
ersome symptom would also result in
improvements of the other symptom.

The main limitation of our study relates
to the relatively small sample size. As
a consequence of this, we were not
able to conduct GMM analyses. GMM
is a more flexible approach compared
to LCGA and allows assessment of
parameters that can vary both within
and between classes. Furthermore,
there may have been different reasons
for drop out in our study, and in some
instances, the missingness itself may
be informative, such as when patients
drop out as a consequence of disease
worsening or death (36). We were not
able to account for this informative
dropout due to the small sample size.
As a consequence, the deterioration
over time may be underestimated, be-
cause the remaining cohort may appear
to be doing better over time simply be-
cause the sicker patients have dropped
out or were not included in the study
during recruitment. Although medical
treatments including immunosuppres-
sants, corticosteroids as well as some
clinical variables such as the presence
of arthritis, pulmonary arterial hy-
pertension or ulcers can influence the
course of disability and fatigue, data on
these variables were not available from
the cohort. Our cohort was a conveni-
ence sample of patients in two centers
specialised in SSc treatment, and there
was no information available about the

received treatments during the 3-year
follow-up.

In conclusion, functional disability and
fatigue trajectories in SSc were rela-
tively stable over a 3-year period, and
differences in baseline scores, but not
slopes, defined classes. More than half
of the patients with SSc in our sample
are relatively little affected by disabil-
ity in daily functioning, whereas the
vast majority of patients report to be
consistently impacted by fatigue. In
addition, our findings imply that psy-
chosocial factors such as coping and
cognitions could be considered as tar-
gets for treatment in particular in those
patients who experience both high dis-
ability and high levels of fatigue.
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