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Abstract

Objective: The Health Assessment Questionnaire—Disability Index is an important outcome measure reflecting
functional disability, but knowledge on its course over time in patients with systemic sclerosis is scarce. Therefore, we
investigated the long-term course of the Health Assessment Questionnaire—Disability Index and its association with
baseline characteristics in systemic sclerosis patients.

Methods: Systemic sclerosis patients, fulfilling the European League Against Rheumatism and the American College
of Rheumatology 2013 criteria, were included from the Leiden Combined Care in Systemic Sclerosis cohort with
annual assessments including the Scleroderma Health Assessment Questionnaire—Disability Index (range=0-3). The
course of the Health Assessment Questionnaire—Disability Index was evaluated over the total follow-up (baseline to
last available Health Assessment Questionnaire—Disability Index) and between yearly visits. Based on a minimal clinical
important difference of 0.22, courses were categorized into worsening, stable or improvement. The course of the Health
Assessment Questionnaire—Disability Index over time was evaluated with linear mixed models. Baseline characteristics
were compared between patients with a worsening or improvement of the Health Assessment Questionnaire—Disability
Index over the total follow-up period with logistic regression analyses.

Results: A total of 517 systemic sclerosis patients were included, with a median follow-up of 7years (interquartile range =4-9;
2649 visits) and a baseline Health Assessment Questionnaire—Disability Index of 0.625 (interquartile range=0.125-1.25). On
group level, the Health Assessment Questionnaire—Disability Index is stable with an annual increase of 0.019 (95% confidence
interval=0.01 | to 0.027). Looking at subgroups, patients >>65years or who died/were physically unable to come during follow-
up had a worse mean Health Assessment Questionnaire—Disability Index. In individual courses from baseline to the last follow-
up, the proportions of patients with a clinically meaningful worsening, stable or improved Health Assessment Questionnaire—
Disability Index were 35%, 42% and 23%, respectively. Patients with immunosuppressants (odds ratio=0.5, 95% confidence
interval=0.3 to 0.9) or gastrointestinal involvement (odds ratio=0.6, 95% confidence interval=0.4 to 0.9) at baseline showed a
reduced chance of worsening of the Health Assessment Questionnaire—Disability Index over the total follow-up period.
Conclusion: Over time, the average course of the Health Assessment Questionnaire—Disability Index was stable
in systemic sclerosis patients. However, individual courses vary, with worsening occurring in one-third. Worsening
occurred less often in individuals using immunosuppressants or with gastrointestinal involvement at baseline.
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Key messages

e Over time, the Health Assessment Questionnaire—
Disability Index in systemic sclerosis patients
remained stable on group level.

e Patients >65 years or who died/were physically unable
to come during follow-up had a worse mean Health
Assessment Questionnaire—Disability Index over time.

e Individual trajectories varied considerably, with
one-third of patients experiencing a clinically
meaningful worsening on the Health Assessment
Questionnaire-Disability Index, and one-quarter
experiencing clinically meaningful improvement.

e Worsening was less likely in individuals using
immunosuppressive therapy of with gastrointestinal
involvement at baseline.

Introduction

Systemic sclerosis (SSc) is a severe rheumatic autoim-
mune disease' affecting multiple organ systems that elicits
a broad range of symptoms.>® Functional disability is a
hallmark of SSc, with a severe impact on patients’ health-
related quality of life (HRQoL).** The Health Assessment
Questionnaire—Disability Index (HAQ-DI) is one of the
most commonly used measures of functional disability in
rheumatic and musculoskeletal diseases,® including
SSc.>”# The HAQ-DI is a self-reported questionnaire on
daily-life activities, that is scored according to the level of
experienced difficulty. For SSc, five SSc-related Visual
Analogue Scales (VASs) have been added to more accu-
rately reflect disease activity in SSc-specific domains
(Scleroderma Health Assessment Questionnaire SHAQ).’

The HAQ-DI has been used as an outcome measure in
clinical trials,®'*!" and several studies have investigated cross-
sectional associations of the HAQ-DI with disease characteris-
tics in SSc.”!?"'> However, only two studies evaluating the
course of the HAQ-DI in SSc are available: an American study
from 1997 with 1250 SSc patients and a Dutch study from
2017 with 215 SSc patients. Both demonstrated little change
in the HAQ-DI over 3 and 4years, respectively.”'® Obtaining
information regarding functional disability over a longer
period of time is important, as preventing functional disability
is a primary aim of SSc treatment.

Therefore, this study aimed to describe the long-term
course of functional disability in SSc patients from the
Leiden Combined Care in Systemic Sclerosis (CCISS)
cohort,!” specifically to investigate which patients have a
worsening functional ability, and which characteristics are
risk factors for worsening of functional ability.

Methods

Study design and patients

This study included patients who participated in the ongo-
ing and prospective CCISS cohort at Leiden University

Medical Center'” until 1 January 2022, fulfilled the
European League Against Rheumatism and the American
College of Rheumatology (ACR/EULAR) SSc 2013 crite-
ria,'® had =1 follow-up visit and completed the baseline
HAQ. In the CCISS cohort, all SSc patients undergo an
annual assessment for organ involvement. All patients
included in the cohort provided written informed consent.
The cohort was approved by the LUMC Ethics Committee
(CME no. B16.037, REU 043/SH/sh, P09.003/SH/sh).

SHAQ

Functional disability was evaluated using the SHAQ, an
SSc-specific extension of the HAQ. The HAQ was devel-
oped for adults with arthritis and consists of 20 questions
split across 8 domains: rising, eating, walking, hygiene,
dressing, reach, grip and usual activities. For each cate-
gory, patients report the amount of difficulty they experi-
ence with that activity on a scale of 0 to 3, where 0 indicates
‘without difficulty’ and 3 indicates ‘unable to do’. The
final composite score (disability index, known as HAQ-DI)
ranges from 0 (no disability) to 3 (maximal disability).®

The SHAQ adds five VAS scores (range=0-100),
which assess the level of impairment due to common non-
musculoskeletal SSc complications: Raynaud’s phenome-
non (RP), digital ulcers (DUs), gastrointestinal (GI)
symptoms, respiratory symptoms and the overall disease
severity from the patients’ perspective.” The SHAQ is a
reliable and valid measure of functional disability in
SSC.5’7’9‘19

As proposed by the previous literature, the minimal
clinical important difference (MCID) of the HAQ-DI in
SSc is —0.037 for improvement and +0.140 for worsen-
ing.?’ However, with the aim of a higher specificity in clas-
sifying the patients who truly improve in this study, we
decided to use a more stringent cut-off of 0.22, which is
the MCID of the HAQ-DI determined in rheumatoid
arthritis patients.?!?

Study variables

Sociodemographic characteristics included age at base-
line (years), sex (female/male), socioeconomic status
(low/high), current smoker (yes/no), cardiac or pulmo-
nary comorbidities (yes/no) and body mass index
(BMI) (kg/m?).

Disease characteristics included disease duration in
months since RP and first non-RP symptom (=non-RP).
Incident cases were defined as a non-RP duration
<24months. The presence of anti-centromere (ACA) or
anti-topoisomerase antibodies (ATA) was tested. Skin
involvement was measured using the modified Rodnan
Skin Score (mRSS),?? categorizing patients into sine scle-
roderma (no previous or current skin fibrosis), limited (cur-
rent or previous skin fibrosis limited to the hands, face, feet
and forearms) and diffuse cutaneous (current or previous



Liem et al.

skin fibrosis affecting the upper arms/legs or trunk) accord-
ingly.?® Cardiac involvement was defined as at least two of
the following: arrhythmias (>2% ventricular or supraven-
tricular arrhythmia, atrial fibrillation), conduction prob-
lems, decreased left ventricular ejection fraction <54%,
diastolic or systolic dysfunction, pericarditis or pericardial
effusion. Pulmonary arterial hypertension (PAH) was
defined as a mean pulmonary arterial pressure =25 mmHg
at rest as assessed by right heart catheterization, including
the presence of pre-capillary pulmonary hypertension (PH),
defined by a pulmonary -capillary wedge pressure
=<15mmHg and a pulmonary vascular resistance >3 Wood
units on right heart catheterization. Interstitial lung disease
(ILD) was determined based on the presence of interstitial
fibrosis or ground glass opacities on high-resolution com-
puted tomography of the thorax combined with a forced
vital capacity <80%. GI involvement was defined as the
presence of gastric antral vascular ectasia OR parenteral
feeding OR anaemia and a BMI <20 and one of the follow-
ing symptoms: reflux, bloating, distension, diarrhoea or
faecal incontinence. Renal involvement was defined as a
clinical diagnosis of a renal crisis. Musculoskeletal involve-
ment was defined as the presence of synovitis, myositis or
tendon friction rubs. Furthermore, the presence of joint
contractures was evaluated and immunosuppressive medi-
cation use was collected. In addition, the 6-min walking
distance in metres was recorded.

Statistical analysis

Descriptive statistics were used to present the demographic
and clinical characteristics of the included patients.
Continuous variables were presented as mean (standard
deviation (SD)) or median (interquartile range (IQR)) and
categorical variables as number (percentage).

The primary aim of the study was to describe the long-
term course of the HAQ over time using three methods.
First, the difference between HAQ at the last visit and
HAQ at the baseline was calculated for each patient. In
case the HAQ had not been recorded at the last visit, the
penultimate value was considered. The course of the
HAQ-DI was then categorized into three groups of clini-
cally meaningful changes in HAQ-DI using the MCID:
worsening (=+0.22), stable (between —0.21 and +0.21)
or improvement (<—0.22).

Second, to take into account all visits, a linear mixed
model was performed with HAQ-DI dependent on time to
evaluate the course of the HAQ-DI over time for the total
group, yielding a B representing the average change per
year. Third, to describe if and how the HAQ-DI scores
fluctuated per visit, the change in HAQ-DI compared to
the previous visit was calculated for every follow-up visit.
Based on the MCID, the change between two visits was
then categorized as worsening (=+0.22), stable (between
—0.21 and +0.21) or improvement (<—0.22). Heat maps
were constructed to display this information.

The secondary aim of this study was to investigate fac-
tors associated with the overall course of the HAQ-DI.
Baseline characteristics between the worsening and
improvement groups as described above were compared
with logistic regressions adjusted for age, sex and disease
duration. In addition, the association with all timepoints of
the HAQ-DI was evaluated for the following variables:
age above 65years (above vs lower than 65years), sex
(female vs male), incident case (=duration of symptom
other than RP <24 months, yes vs no), autoantibody status
(ACA and ATA negative vs ACA and ATA positive), dis-
ease subset (non-cutaneous vs limited cutaneous and dif-
fuse cutancous) and death/physically unable to come (yes
VS 1N0).

As a sensitivity analysis, we performed the analyses in
a subgroup of patients classified as incident cases, that is,
a disease duration of non-RP of less than 24 months.

To evaluate the five SSc-specific VAS scores of the
SHAQ over time, linear mixed models were performed for
the total group and the different strata (age above 65 years,
sex, autoantibody status, incident case, disease subset and
death/physically unable). A p-value of less than 0.05 was
considered statistically significant. Statistical analyses
were performed with STATA SE16 (StataCorp, College
Station, TX, USA).

Results

Patients

In total, 517 of the 708 (73%) SSc patients from the Leiden
CCISS cohort were included in this study (Supplemental
Figure S1). Compared to the 191 excluded patients, the
included patients were more often females (74% vs 81%,
p=0.048) and were on average younger (57 (SD=15) vs
54 (SD=14)years, p=0.028; Supplemental Table S1).
Table 1 shows the baseline characteristics of the included
patients. The median follow-up duration was 7years
(IQR=4-9). The mean baseline HAQ was 0.77 (SD=0.65).

The course of the HAQ-DI

The mean change in HAQ-DI from baseline to last meas-
urement was 0.07 (SD=0.50). The overall course for the
total and covariates is shown in Figure 1.

Over time, linear mixed models showed that the
HAQ-DI of the total group of patients worsened with
0.019 per year (95% confidence interval (C1)=0.011 to
0.027) (Table 2). Patients =65 years (3=0.27,95% CI=0.1
to 0.4) and patients who died/were physically unable to
come during follow-up ($=0.34, 95% CI=0.2 to 0.5) had
a significantly higher HAQ-DI over time than, respec-
tively, patients younger than 65 years and patients who did
not die (Table 2). The plots in Figure 1 show that ACA-
positive patients experience a worsening in HAQ-DI over
time, especially after 5years of follow-up.
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Table I. Baseline characteristics of 517 SSc patients from the Leiden CCISS cohort.

Total (N=517) Subgroups overall HAQ-DI course
Worsening (N=176) Improvement (N=114)

Age, years, mean (SD)* 54 (14) 56 (13) 52 (14)
Female, n (%) 417 (81%) 145 (82%) 92 (81%)
Medical history

Lung comorbidity, n (%) 49 (9%) 18 (10%) 14 (12%)

Cardiac comorbidity, n (%) 41 (8%) 12 (7%) 8 (7%)
Current smoker, n (%) 67 (13%) 25 (14%) 19 (17%)
BMI (kg/m?), mean (SD) 25 (4) 25 (5) 25 (5)
Disease duration since RP, months (IQR) 106 (33-223) 111 (36-247) 84 (22-192)
Disease duration since non-RP, months (IQR) 33 (9-102) 39 (11-101) 30 (7-93)
Anti-centromere autoantibodies, n (%) 219 (42%) 81 (46%) 41 (36%)
Anti-topoisomerase autoantibodies, n (%) 125 (24%) 40 (23%) 26 (23%)
Diffuse cutaneous SSc, n (%) 117 (23%) 37 (21%) 33 (29%)
mRSS, median (IQR)? 4 (0-6) 3 (0-6) 4(2-9)
Digital ulcers, n (%) 68 (13%) 22 (13%) 18 (16%)
Interstitial lung disease on HRCT, n (%) 196 (39%) 71 (41%) 42 (37%)
ILD: HRCT and FVC <80%, n (%) 43 (8%) 15 (9%) 13 (11%)
Pulmonary arterial hypertension, n (%) 13 (3%) 5 (3%) 1 (1%)
Cardiac involvement, n (%) 28 (5%) 9 (5%) 7 (6%)
Gastrointestinal involvement, n (%) 153 (30%) 53 (30%) 47 (41%)
Renal crisis, n (%) 17 (3%) 7 (4%) 6 (5%)
Musculoskeletal involvement, n (%)? 33 (17%) 27 (15%) 30 (26%)
Joint contractures, n (%)? 269 (52%) 102 (58%) 72 (63%)
Immunosuppressive medication use, n (%)* 156 (30%) 48 (27%) 46 (40%)

Six-min walking test, median (IQR)

508 (400-585)

502 (407-579) 481 (363-559)

For information on the subgroup with a stable HAQ-DI course, see Supplemental Table S2.

SSc: systemic sclerosis; CCISS: Combined Care in Systemic Sclerosis; HAQ-DI: Health Assessment Questionnaire—Disability Index; N: number; SD:
standard deviation; BMI: body mass index; RP: Raynaud’s phenomenon; IQR: interquartile range; mRSS: modified Rodnan Skin Score; ILD: interstitial
lung disease; FVC: forced vital capacity; HRCT: high-resolution computed tomography.

aStatistically significant different between patients with worsening and improvement of their overall HAQ-DI course.

Over the entire period of follow-up, 176 (35%)
patients experienced worsening, 202 (42%) remained sta-
ble and 114 (23%) experienced improving HAQ-DI. The
changes in the HAQ-DI per annual follow-up visit are
displayed in a heat map (Figure 2). A total of 1777/2649
(67%) visits were evaluated, 451 of which (25%) indi-
cated worsening, 954 (54%) a stable situation and 372
(21%) an improvement. This pattern is in line with the
percentages of patients in the three categories for the total
follow-up period. However, the heat map shows that
there is considerable variation in the course per visit, also
within the subgroups of courses of patients classified as
worsening, stable and improvement based on difference
in HAQ between baseline and last follow-up. When ana-
lysing the categories of changes per yearly visit per
patient, the HAQ-DI was always stable for 123 patients
(27%) and always worsened for 37 (8%). In 51 cases
(11%), the HAQ-DI was either stable or improved during
follow-up, in 67 (14%), it was stable or worsened, while
32 patients (7%) experienced both worsening and
improvement. Finally, in 153 patients (33%), follow-up

was characterized by a fluctuating trend of HAQ-DI
between stability, improvement and worsening.

Factors associated with the HAQ-DI course

Compared to patients experiencing an improvement in
HAQ-DI, patients classified as having a worsening
HAQ-DI were older (52 (14) vs 56 (13) years, p=0.020),
had a lower skin score (4 (2-9) vs 3 (0-6), p=0.043), less
often had musculoskeletal involvement (26% vs 15%,
p=0.022), less often had joint contractures (63% vs 58%,
p<<0.001) and less often used immunosuppressive medi-
cations (40% vs 27%, p=0.020) (Table 1).

Logistic regressions, adjusted for age, sex and disease
duration, revealed that patients with immunosuppressive
medication at baseline (odds ratio (OR)=0.5, 95% CI=0.3
to 0.9) or GI involvement at baseline (OR=0.6, 95%
CI=0.4 to 0.9) were associated with a lower chance of
worsening HAQ-DI (Table 3). A trend was seen for the
presence of PAH (OR=2.3, 95% CI=0.3 to 20.8) and
worsening of the HAQ-DI course (Table 3).
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Figure |. Health Assessment Questionnaire over time in SSc patients. (a) Median HAQ-DI over time. (b) Scleroderma-related

VAS scores (mean) of the HAQ over time in SSc patients.

For number of patients at follow-up visits, please see Supplemental Figure SI.
ACA: anti-centromere antibody; ATA: anti-topoisomerase antibody; RP: Raynaud’s phenomenon; DU: digital ulcer; Gl: gastrointestinal; Pulm:

pulmonary.

Table 2. Linear mixed models to evaluate the change in
HAQ-DI over time in SSc patients.

B of HAQ-DI (95% Cl)

Total group

Age >65years (vs <65years)
Male (vs female) —0.16 (0.3 to —-0.01)
Incident case (vs prevalent case) 0.036 (-0.1 to -0.1)
Autoantibody status (vs ACA and ATA negativity)

ATA positivity —0.16 (-0.3 to —0.02)
ACA positivity -0.11 (-0.2 t0 0.01)
Disease subset (vs sine scleroderma)

Limited cutaneous

Diffuse cutaneous
Death/physically unable to come (vs
not death)

0.019 (0.011 to -0.027)
027 (0.1 to —0.4)

0.048 (~0.02 to 0.1)
0.11 (0.009 to 0.2)
0.34 (0.2 to 0.5)

Incident case: disease duration since first non-Raynaud’s phenomenon
symptom <24 months. Range of HAQ-DI: 0 (no disability) to 3 (maxi-
mal disability). A  of 0.27 means that patients >65years have a 0.27
higher HAQ-DI than patients <<65years per follow-up year.

HAQ-DI: Health Assessment Questionnaire—Disability Index; SSc:
systemic sclerosis; Cl: confidence interval; ACA: anti-centromere
autoantibody; ATA: anti-topoisomerase antibody.

The sensitivity analyses only including patients with a
non-RP duration of less than 24 months are in line with
these results (Supplemental Tables S3—S5).

SSc-related VAS scores

At baseline, the mean (SD) VAS was 47 (32) for RP, 21
(31) for DU, 25 (31) for GI problems, 22 (27) for pulmo-
nary problems and 40 (32) for general problems related
with SSc. The overall course of the VAS scores is shown in
Figure 1(b). All were stable (Table 4).

Over time, patients who died/were physically unable to
visit during follow-up had a 19 point higher pulmonary
VAS (95% CI=13 to 25) and a 13 higher general burden of
SSc VAS (95% CI=7 to 20) compared to patients who sur-
vived. In addition, ACA-positive SSc patients had a higher
RP VAS and GI VAS compared to ACA- and ATA-negative
SSc patients (RP VAS: $=9; 95% CI=4 to 14 and GI VAS:
B=10; 95% CI=5 to 15), but a lower pulmonary VAS
(B=-5; 95% CI=-9 to —0.5). For the DU VAS, incident
SSc patients had a lower DU VAS compared to prevalent
SSc cases (B=—10; 95% CI=-14 to —6). Diffuse cutane-
ous patients had a higher general burden of SSc VAS over
time (B=11; 95% CI=6 to 16). Over time, male SSc
patients had a lower GI VAS than female SSc patients
(B=-9; 95% CI=—14 to —3).

Discussion

Summary

This study found that the overall long-term course of the
HAQ-DI was relatively stable. However, individual
courses in HAQ-DI varied strongly, with the HAQ-DI
worsening in 35% of the patients, being stable in 42% and
improvement in 23%. Patients with immunosuppressants
or GI involvement at baseline less often showed worsening
of the HAQ-DI.

Adaptation

We found a stable HAQ-DI over time on group level,
which is in line with two previous cohort studies.>'¢ Still,
we observed that patients =65 years and patients who died
or were physically unable to come during follow-up had a
less favourable HAQ-DI course. In addition, looking at
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Figure 2. Heat map of the change per visit in HAQ-DI.
Each row represents a patient; each column represents a follow-up year. Green colour means improvement of HAQ-DI according to MCID, yellow
means stable and red means worsening.
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Table 3. Logistic regressions to evaluate associations between the subgroups of the overall course of HAQ-DI and baseline

disease characteristics in SSc patients.

Ref category: improved HAQ-DI course

Crude OR (95% Cl)

Adjusted OR (95% CI)

Age >65years
Male
Incident case
Medical history

Lung comorbidity

Cardiac comorbidity
Current smoker
Anti-centromere autoantibodies
Anti-topoisomerase autoantibodies
Diffuse SSc
Modified Rodnan Skin Score
Digital ulcers
Interstitial lung disease on HRCT
ILD: HRCT and FVC <80%
Pulmonary arterial hypertension
Cardiac involvement
Gastrointestinal involvement
Renal crisis
Musculoskeletal involvement
Joint contractures
Immunosuppressive medication use
Six-min walking test >median

1.5 (0.8 to 2.6) 1.5 (0.8 to 2.6)
0.9 (0.5 to 1.6) 0.9 (0.5 to 1.7)
0.8 (0.5 to 1.3) 0.8 (0.5 to 1.4)
1.0 (0.4 to 2.5) 0.8 (0.4 to 1.7)
0.8 (0.4 to 1.7) 0.7 (0.3 to 1.8)
0.8 (0.4 to 1.6) 0.9 (0.5 to 1.8)
1.5 (0.9 to 2.5) 1.4 (0.8 to 2.3)
1.0 (0.6 to 1.7) 1.1 (0.6 to 2.0)
0.7 (0.4 to 1.1) 0.8 (0.4 to 1.3)
1.0 (1.0 to 1.0) 1.0 (1.0 to 1.0)
0.8 (0.4 to 1.5) 0.8 (0.4 to 1.7)
12(0.7 to 1.9) 1.1 (0.7 to 1.9)
0.7 (0.3 to 1.6) 0.7 (0.3 to 1.7)
3.3 (0.4 t0 28.7) 2.3 (0.3 t0 20.8)
0.8 (0.4 to 2.3) 0.7 (0.2 to 2.1)

0.6 (0.4 to 1.0)
0.7 (02 to 2.3)

0.6 (0.4 to 0.9)
0.7 (02 to 2.2)

0.5 (0.3 t0 0.9) 0.6 (0.3 to 1.0)
0.8 (0.5 to 1.3) 0.8 (0.5 to 1.3)
0.6 (0.3 t0 0.9) 0.5 (0.3 to 0.9)
1.1 (0.7 to 1.8) 1.4 (0.8 to 2.3)

Incident case: disease duration since first non-Raynaud’s phenomenon symptom <24 months. Adjusted OR: adjusted for age, sex and disease dura-
tion. For age, the analysis was adjusted for sex and disease duration; for sex, it was adjusted for age and disease duration and for disease duration, it
was adjusted for age and sex. Interpretation: patients >65years have a 1.5 odds to have an overall HAQ-DI course classified as worsening.
HAQ-DI: Health Assessment Questionnaire—Disability Index; SSc: systemic sclerosis; OR: odds ratio; Cl: confidence interval; ILD: interstitial lung
disease; FVC: forced vital capacity; HRCT: high-resolution computed tomography.

individual courses, one-third of the patients showed wors-
ening and one-quarter showed improvement of the
HAQ-DI over time. It is noteworthy that the changes of the
HAQ-DI compared to the previous visit were classified as
stable in the majority of visits, but the yearly changes
reflected the long-term development in both the worsening
and improvement groups. This finding indicates that, with
the interpretation of annual assessments, clinicians should
consider not only the previous visit but also a longer
period. It is also important to verify with the patients how
they perceive the course of their functional ability both in
the past year and from the diagnosis.

A possible explanation for the relatively stable HAQ-DI
over time might be that SSc is a chronic disease and that
patients adapt to their symptoms. This has been defined as
a ‘response shift’, which occurs due to changes in patients’
internal standards, values and/or the concept of the patient-
reported outcome measure.”> Moreover, given the stable
HAQ-DI course, it can be argued that the HAQ-DI is not
an appropriate outcome measure to evaluate functional
disability over time in SSc patients. Originally, the HAQ
was developed in 1978 and its basic contents have never
been updated. The relevance of some activities can be
questioned, such as the use of taps, which now have

handles in most Western countries. On the contrary, other
activities, such as the physical use of smartphones or com-
puters, are not part of the HAQ, although they are cur-
rently highly relevant to patients. Recently, there have
been increased efforts to develop outcome measures to be
used in trials in SSc. These include the American College
of Rheumatology Composite Response Index in SSc
(ACR-CRISS)*** and the ongoing CRISTAL project
(Combined Response Index for Scleroderma Trial
Assessing Limited cutaneous SSc).2%?’ It is reasonable that
an updated version of the HAQ could better capture rele-
vant disabilities in SSc patients.

Associations with disease characteristics

Regarding the comparison of factors associated with the
course of the HAQ-DI, the previously mentioned American
study found that the HAQ-DI score over time was associ-
ated with skin, cardiac and renal involvement, tendon fric-
tion rubs, hand contractures, proximal muscle strength and
survival.” In addition, the Dutch study identified low and
high disability subgroups based on baseline values rather
than on the course of the HAQ-DI, which was overall sta-
ble in both groups.'® Patients in the high disability group
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Table 4. Linear mixed models to evaluate change in SSc-
related VAS scores over time in SSc patients.

B (95% Cl)

VAS Raynaud’s phenomenon

Total group —0.2 (-0.7 to 0.3)

Age >65years (vs <65years) 4(-0.7t0 9)
Male (vs female) -3(-9to02)
Incident case (vs prevalent case) 4 (-0.4 to 8)

Autoantibody status (vs ACA and ATA negativity)

e ATA positivity 0.5 (-5to 6)
e ACA positivity 9 (4to 14)
Disease subset (vs sine scleroderma)
e Limited cutaneous -0.05 (-5 to 5)
e Diffuse cutaneous -6 (-5t07)
Death/physically unable to come (vs not -1 (-8 to 6)
death)
HAQ-DI course subgroups (vs stable)
e Improvement —0.06 (-6 to 6)
¢ Worsening 4(-1t09)

VAS Digital ulcers

Total group -0.4 (-0.8 to 0.08)

Age >65years (vs <65years) 2 (-3to6)
Male (vs female) -0.5 (-5to 4)
Incident case (vs prevalent case) -9 (=13 to -5)

Autoantibody status (vs ACA and ATA negativity)

e ATA positivity | (-3 to6)

e ACA positivity —04 (-5to 5)
Disease subset (vs sine scleroderma)

e Limited cutaneous 8 (3to 12)

o Diffuse cutaneous 5(=0.1 to 1)
Death/physically unable to come (vs not 9(2to I5)
death)

HAQ-DI course subgroups (vs stable)

e Improvement -0.4 (-5to 5)

e Worsening 5(0.2to09)
VAS gastrointestinal symptoms
Total group 08(03tol)
Age >65years (vs <65years) 0.4 (-5to 5)
Male (vs female) -9 (-14to -3)
Incident case (vs prevalent case) -3(-8tol)

Autoantibody status (vs ACA and ATA negativity)

e ATA positivity -4 (-9 to 2)
e ACA positivity 10 (5 to 15)
Disease subset (vs sine scleroderma)
e Limited cutaneous 0.3 (-4 to5)
e Diffuse cutaneous 0.2 (-6 to 5)
Death/physically unable to come (vs not —0.4 (-7 to 7)
death)
HAQ-DI course subgroups (vs stable)
e |mprovement -1 (-7 to 5)
e Worsening 6(ltoll)
VAS pulmonary involvement
Total group 0.6 (0.2to I)
Age >65years (vs <65years) 4 (-0.9 to 8)
Male (vs female) 4 (-1 t09)
Incident case (vs prevalent case) -2 (-6to02)

(Continued)

Table 4. (Continued)

B (95% CI)

Autoantibody status (vs ACA and ATA negativity)

e ATA positivity 2(-4to7)

e ACA positivity =5 (-9 to -0.5)
Disease subset (vs sine scleroderma)

e Limited cutaneous —0.6 (-4 to 3)

e Diffuse cutaneous 5(0.41to0 10)
Death/physically unable to come (vs not 19 (13 to 25)
death)
HAQ-DI course subgroups (vs stable)

e Improvement -0.9 (-6 to 4)

e Worsening 4(-0.2t09)

VAS general burden of SSc

Total group 0.08 (0.4 to 0.5)

Age >65years (vs <65years) 3(-2to0 8)
Male (vs female) 3(-2to9)
Incident case (vs prevalent case) 2 (-3to6)

Autoantibody status (vs ACA and ATA negativity)

e ATA positivity -3 (-8to3)

e ACA positivity -3 (-8t02)
Disease subset (vs sine scleroderma)

e Limited cutaneous 4 (-0.8 to 8)

o Diffuse cutaneous Il (5to 16)
Death/physically unable to come (vs not 13 (7 to 20)
death)
HAQ-DI course subgroups (vs stable)

e [mprovement 5(-05to Il)

e Worsening 10 (5 to 15)

Incident case: disease duration since first non-Raynaud’s phenomenon
symptom <24 months. VAS: scale of 0 (no burden) to 100 (high bur-
den). A B of 4 means that patients >65years have a 4 higher Raynaud’s
phenomenon VAS than patients <65years over time.

SSc: systemic sclerosis; VAS: visual analogue scale; Cl: confidence
interval; ACA: anti-centromere autoantibody; ATA: anti-topoisomerase
antibody; HAQ-DI: Health Assessment Questionnaire—Disability Index.

were more likely to be older and female.!® Furthermore,
one European Scleroderma Trials & Research Group
(EUSTAR) study, including 690 diffuse cutaneous SSc
patients, found that the 1-year worsening of the HAQ-DI
was associated with baseline skin score and oesophageal
symptoms.? In this study, we confirmed that patients with
a higher age had a worse mean HAQ-DI over time. This
study also suggests a lower risk of worsening of the
HAQ-DI in individuals using immunosuppressive medica-
tion. Although one might expect that specifically during
the first years of disease course the HAQ-DI might change,
we could not identify an impact of disease duration on the
course of the HAQ-DI. Intriguingly, in this study, specifi-
cally ACA-positive patients who in the majority of cases
have limited cutaneous SSc show a worsening of the
HAQ-DI during follow-up. In the majority of cases, ACA-
positive SSc patients are older at disease onset, have a
longer disease duration since RP and more often have sine
scleroderma or limited cutaneous SSc. From clinical



10

Journal of Scleroderma and Related Disorders 00(0)

experience, these patients often show a more gradual
decline in functional ability, without life-threatening dis-
ease complications. Unfortunately, for these SSc patients,
less pharmacological treatment options are available and
this group is frequently excluded from clinical trials evalu-
ating new drugs. Worsening of the HAQ-DI over time
could suggest insufficient treatment in these patients.
However, it is good to keep in mind that this cohort was
not designed to evaluate the effect of treatment on
HAQ-DI. Future research should investigate (non-)phar-
macologic interventions and their effect on functional dis-
ability over time in this patient group.

Strengths and limitations

The major study strength is the use of a well-defined and
prospective SSc cohort with a high rate of data com-
pleteness, which contributes to the great generalizability
of the results. However, the cohort design might also be
considered a limitation of this study. The observational
nature does not allow for any causal inferences, such as
for the observed association between the use of immuno-
suppressive therapy and the course of functional ability.
In addition, we did not have completed HAQ question-
naires for all time points of the included patients, and
number of patients decrease per follow-up year.
However, for example, at visit 8 still over a hundred
patients are included. Moreover, the included patients
were younger and more often female than the excluded
patients. We cannot rule out that selection bias might
have occurred and the results must be interpreted with
caution. Finally, it must be noted that comparisons of
associations among the present and other relevant stud-
ies are considerably hampered by the differences in
study populations, the variables that were taken into
account, the duration of follow-up and the type of statis-
tical analyses that were employed.

Conclusion

To conclude, this study found that on group level, the
HAQ-DI is relatively stable in SSc patients over time, but
individual courses vary considerably and worsening
occurred in one-third of patients. For clinical practice, it is
important to realize that changes in HAQ occur slowly and
may vary over time in individual patients. Therefore, when
evaluating a patient, the course of functional ability over a
longer period should be taken into account. Importantly,
older patients have a higher chance of worsening in
HAQ-DI while use of immunosuppressants and GI
involvement at baseline decrease the risk of worsening in
HAQ. Further prospective studies are warranted to eluci-
date the association between immunosuppressive treat-
ment and course of HAQ-DI.
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