
Clinical and Experimental Rheumatology 2022Clinical and Experimental Rheumatology 2024; 42: 1581-1589.

Investigating the trajectory of functional disability in 
systemic sclerosis: group-based trajectory modelling of 
the Health Assessment Questionnaire-Disability Index

J.L. Fairley1,2, D. Hansen2, M. Baron3,4, S. Proudman5,6, J. Sahhar7,8, G.-S. Ngian7,8, 
J. Walker6, L.V. Host9, K. Morrisroe1,2, W. Stevens2, M. Nikpour1,2,10,11, L. Ross1,2

1The University of Melbourne, Victoria, Australia; 2St. Vincent’s Hospital Melbourne, Victoria, 
Australia; 3Lady Davis Institute for Medical Research, Jewish General Hospital, Montreal, Canada;

4McGill University, Montreal, Canada; 5University of Adelaide, South Australia, Australia;
6Royal Adelaide Hospital, Adelaide, South Australia, Australia; 7Monash Health, Melbourne, 

Victoria, Australia; 8Monash University, Melbourne, Victoria, Australia; 9Fiona Stanley Hospital, 
Perth, Western Australia, Australia; 10The University of Sydney School of Public Health, Sydney, 
New South Wales, Australia; 11Royal Prince Alfred Hospital Sydney, New South Wales, Australia.

Abstract
Objective

To identify the trajectories and clinical associations of functional disability in systemic sclerosis (SSc).

Methods
Australian Scleroderma Cohort Study (ASCS) participants meeting ACR/EULAR criteria for SSc recruited within 

5 years of disease onset, with ≥2 Health Assessment Questionnaire-Disability Index (HAQ-DI) scores were included. 
Group based trajectory modelling (GBTM) was used to identify the number and shape of HAQ-DI trajectories. 

Between group comparisons were made using the chi-squared test, two-sample t-test or Wilcoxon rank-sum test as 
appropriate. Multiple logistic regression was used to identify features associated with trajectory group membership. 

Survival analyses were performed using Kaplan Meier and Cox proportional hazard modelling. 

Results
We identified two HAQ-DI trajectory groups within 426 ASCS participants with incident SSc: low-stable disability 

(n=221, 52%), and high-increasing disability (n=205, 48%). Participants with high-increasing disability were older 
at disease onset, more likely to have diffuse SSc (dcSSc), cardiopulmonary disease, multimorbidity, digital ulcers, and 
gastrointestinal involvement (all p≤0.01), as was use of immunosuppression (p<0.01). Multimorbidity was associated

 with high-increasing trajectory group membership (OR3.1, 95%CI1.1-8.8, p=0.04); independently, multiple SSc 
features were also strongly associated including dcSSc (OR2.3, 95%CI1.3-4.2, p<0.01), proximal weakness 

(OR7.3, 95%CI2.0-27.1, p<0.01) and joint contractures (OR2.7, 95%CI1.3-5.3, p<0.01). High-increasing physical
 disability was associated with an almost two-fold increased risk of mortality (HR1.9, 95%CI1.0-3.8, p=0.05), and 

higher symptom burden.

Conclusion
Two trajectories of functional disability in SSc were identified. Those with high-increasing functional disability 
had a distinct clinical phenotype and worse survival compared to those with low-stable functional disability.

 These data highlight the pervasive nature of physical disability in SSc, and its prognostic importance.
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Introduction
Up to 70% of people with SSc report 
functional impairment (1, 2), which 
can negatively impact health-related 
quality of life (HRQoL) (3). Digital 
ulceration (2), pulmonary arterial hy-
pertension (PAH) and gastrointestinal 
involvement all contribute to impaired 
physical function(4-6), as can symp-
toms including dyspnoea, weakness 
and pain (4). The risk of functional dis-
ability and dependency are important 
concerns to those living with SSc (7). 
Accordingly, a detailed understanding 
of the impact of SSc on physical func-
tion and disability over the course of 
the disease is critical to providing per-
son-centred care.
The Health Assessment Question-
naire-Disability Index (HAQ-DI) is a 
patient-reported measure of function, 
where a higher score indicates a worse 
functional status (8). Participants are 
asked 20 questions about their ability 
to perform activities of daily living. 
Each item is rated on a scale from 0-3, 
where “3” represents being unable to 
complete the task (8). The HAQ-DI is 
commonly used as a secondary end-
point in clinical studies, with good re-
test reliability (9). Data indicate that the 
HAQ-DI has meaningful sensitivity to 
change in those with early diffuse SSc 
(10) and those requiring treatment for 
digital ulcers (11). However, in other 
studies only small changes in HAQ-DI 
have been seen over time, raising ques-
tions about its widespread utility as a 
clinical trial outcome measure (12). 
This is particularly true in individuals 
with limited skin involvement or long-
standing disease as HAQ-DI is heav-
ily influenced by hand function (12). 
Furthermore, static joint contractures, 
chronic digital ulcers or digital ampu-
tation may impact the HAQ-DI’s sensi-
tivity to change.  
Given the spectrum of disease in SSc 
and variable estimates in mean change in 
HAQ-DI over time, particularly across 
SSc subgroups (8, 10, 13), further data 
are required to better understand the tra-
jectory of physical disability as meas-
ured by HAQ-DI over time. Accord-
ingly, we sought to identify trajectories 
of HAQ-DI scores using group-based 
trajectory modelling (GBTM) in the 

Australian Scleroderma Cohort Study 
(ASCS).  We sought to model the long-
term trends of HAQ-DI scores within 
the ASCS and identify clinical associa-
tions of functional disability.

Methods
Participants were recruited from the 
ASCS, a multicentre cohort study of 
risk and prognostic factors in SSc. The 
ASCS has been approved by all Hu-
man Research Ethics Committees of 
participating sites. Written informed 
consent was obtained from all partici-
pants at recruitment. We included only 
those participants recruited to the ASCS 
within 5 years of onset of the first non-
Raynaud’s manifestation of SSc, in 
order to minimise bias introduced by 
those with longer disease duration hav-
ing more HAQ-DI scores recorded. All 
participants met ACR/EULAR criteria 
for SSc (14) and had a definable dis-
ease subclass according to LeRoy crite-
ria (diffuse (dcSSc) or limited (lcSSc)) 
(15). Participants needed to have at least 
two HAQ-DI scores recorded within 10 
years of SSc onset for inclusion. 

Clinical Data
Demographic and disease data, and 
medication usage were prospectively 
collected at annual study visits. Dis-
ease manifestations were considered 
present if they were recorded at any 
time from SSc diagnosis. The pres-
ence of co-morbid angina, diabetes, 
dyslipidaemia, hypertension, smok-
ing and medication use were recorded 
from patient-reported history and med-
ical record review at each study visit. 
Ischaemic heart disease (IHD) was 
defined as abnormal coronary angiog-
raphy or patient-reported angina/myo-
cardial infarction. Participants were 
asked to report gastrointestinal symp-
toms (including reflux, vomiting, sicca 
symptoms, diarrhoea/constipation) and 
clinical examination features were re-
corded by the study physician at each 
visit (including tendon friction rubs, 
muscle atrophy, proximal weakness 
on manual muscle testing (MMT, with 
weakness defined as scores <5/5) and 
synovitis. Body mass index was cal-
culated as weight (kilograms) divided 
by height (metres) squared. All partici-
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pants underwent annual transthoracic 
echocardiography (TTE) and pulmo-
nary function testing (PFT; forced vital 
capacity (FVC) and diffusing capacity 
for carbon monoxide (DLCO) correct-
ed for haemoglobin) as screening for 
PAH and interstitial lung disease (ILD). 
Right heart catheterisation or high-res-
olution computed tomography (HRCT) 
were performed if abnormalities were 
detected on assessment or screening in-
vestigations. PAH was defined accord-
ing to the revised PAH classification 
criteria(16)(mean pulmonary artery 
pressure (mPAP) >20 millimetres of 
mercury (mmHg), pulmonary vascular 
resistance (PVR) >2 Wood units and 
a pulmonary arterial wedge pressure 
(PAWP) ≤15mmHg), or if PVR una-
vailable, according to previous classi-
fication criteria (mPAP ≥25mmHg, 
PAWP <15mmHg). ILD was diagnosed 
in the presence of typical radiographic 
abnormalities on HRCT. Six-minute 
walk tests (6MWT) were requested at 
the discretion of the treating physician. 
Scleroderma renal crisis (SRC) was di-
agnosed when at least two of three cri-
teria were concurrently present: new-
onset hypertension without alternate 
cause, unexplained rise in serum cre-
atinine, and microangiopathic haemo-
lytic anaemia. Myositis was defined 
by a positive muscle biopsy. Overlap 
syndromes were considered present if 
the physician considered patients also 
had another connective tissue disease 
diagnosis in addition to SSc, without 
mandating that participants fulfilled ad-
ditional diagnostic criteria. Serological 
testing was performed according to lo-
cal laboratory protocols. 
The Medsger Severity Score (MSS) 
was calculated to assess the overall 
SSc burden at each study visit (17). To 
measure multimorbidity at each study 
visit, we calculated a modified Charl-
son Comorbidity Index (CCI) score 
(18). A list of included items is pro-
vided in Supplementary Table S1; data 
for some variables (including hemiple-
gia, HIV/AIDS and dementia) were ex-
cluded as these data are not collected as 
part of the ASCS protocol. A CCI score 
≥4 was defined as a multimorbidity 
(19), with the highest available score 
being 19.

Physical function and 
health-related quality of life
Patient-reported outcome measures 
(PROMs) were recorded at each visit, 
including the HAQ-DI, Short Form-36 
Survey (SF-36), PROM Information 
System (PROMIS)-29, and the physi-
cian-reported World Health Organisa-
tion (WHO) Functional Class. Partici-
pants were asked to rate their level of 
breathlessness using the Borg Dysp-
noea Scale, on a numerical rating scale 
from 0-10 where 0=no breathlessness 
to 10=maximal breathlessness after 
one flight of stairs. For analysis this 
was dichotomised into scores of <3/10 
(no/slight dyspnoea) or ≥3/10 (moder-
ate/severe dyspnoea). 

Statistical analysis
Analyses were performed using STA-
TA 17.0 (Statacorp LP, College Station, 
TX, USA). Group-based trajectory 
modelling (GBTM) was performed us-
ing the stata plugin traj over 10 years 
from SSc onset (20). GBTM is a spe-
cialised approach of finite mixture 
modelling to identify homogeneous 
clusters of developmental trajectories 
within a population (21). Fewer than 
10% of participants recorded a HAQ-
DI score at SSc-onset as this was be-
fore entry into the cohort. The HAQ-DI 
value was plotted against the time from 
SSc onset rather than from time in the 
cohort. HAQ-DI patterns and distribu-
tion were used to determine the num-
ber and shape (intercept, linear, cubic, 
quadratic) of trajectories based on sta-
tistical criteria balanced with clinical 
validity. Each trajectory group needed 
to include at least 10% of participants, 
and the final model was evaluated us-
ing Akaike Information Criteria (AIC), 
Bayesian Information Criteria (BIC), 
the average posterior probability of 
assignment (≥0.70) and the odds of 
correct classification (≥5). GBTM 
uses maximum likelihood estimates to 
handle missing data, assuming that the 
data are missing at random (21). Char-
acteristics of study participants are 
presented as mean (standard deviation 
(SD)) for normally distributed continu-
ous variables, median (interquartile 
range (IQR)) for non-normally distrib-
uted continuous variables, and as num-

ber (percentage) for discrete variables. 
Where relevant, if investigation results 
or other data were not recorded at visit 
one, the first-recorded value within 5 
years of SSc onset was used. Compari-
sons between demographics and clini-
cal characteristics of patients in differ-
ent trajectory groups were performed 
using two sample t-test for normally 
distributed continuous variables, the 
Wilcoxon rank-sum test for non-nor-
mally distributed continuous variables 
and the chi-squared test for discrete 
variables. Multiple logistic regression 
was used to determine associations of 
high-increasing disability. Included 
covariates were significant in univari-
ate analyses (p<0.10) or deemed clini-
cally important. Kaplan-Meier survival 
curves and the Wilcoxon test were used 
to estimate survival from SSc onset in 
each of the trajectory groups, using the 
endpoint of all-cause mortality. Multi-
variable Cox proportional hazards re-
gression analysis was used to determine 
multivariable associations of all-cause 
mortality among trajectory groups and 
using baseline HAQ-DI scores as a 
continuous outcome. Covariates were 
chosen for the multivariable analysis if 
they were either clinically relevant or 
statistically significant on univariable 
analysis (p<0.05) and did not violate 
the proportional hazards assumption. 
Results are reported as hazard ratios 
(HR) with accompanying 95% confi-
dence intervals (CI).

Results
Of 705 ASCS participants with inci-
dent SSc, 426 (60.4%) were identi-
fied with ≥2 HAQ-DI scores recorded 
within 10 years of SSc onset. Those 
with ≥2 HAQ-DI scores included in the 
study were less likely to have dcSSc 
(p<0.01) or to have died (p<0.01) than 
those with <2 HAQ-DI scores, with no 
difference in age at SSc onset, sex or 
disease duration at recruitment. Those 
with ≥2 HAQ-DI scores had a longer 
follow-up duration (p<0.01) (Suppl. 
Table S2).
Of included participants, 272 (63.8%) 
had 2-5 HAQ-DI scores recorded, 
while 154 (36.2%) had 5-9 HAQ-DI 
scores recorded. Median age at SSc 
onset was 53.0 years (IQR 42.8–60.6 
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years); 352 (82.6%) were female and 
286 (67.1%) had lcSSc. The median 
baseline HAQ-DI score across the co-
hort was 0.5 (IQR 0–1.1). Twenty-nine 
participants (7.1%) reported severe 
functional disability at study entry 
(baseline HAQ-DI scores 2–3), 104 
(25.5%) reported moderate disability 
(baseline score 1-<2), and 275 (67.4%) 
reported mild functional disability 
(HAQ-DI<1). Of note, 116 participants 
(28.4%) recorded a baseline HAQ-DI 
score of 0 and one participant recorded 
a baseline HAQ-DI score of 3.

Trajectory data
We identified two HAQ-DI trajectory 
groups: low-stable disability (n=221, 
51.9%), and high-increasing disability 
(n=205, 48.1%) over the first 10 years 
of SSc (Fig. 1). Median disease dura-
tion at enrolment (p=0.24) and follow-
up duration (p=0.84) were similar 
among trajectory groups. The shape of 
the trajectory was intercept for those 
with low-stable disability (trajectory 
1) and linear for those with high-in-
creasing disability (trajectory 2). The 
average posterior probability of group 
membership was 0.87 with odds of cor-
rect classification of 6.9 in trajectory 1, 
with an average posterior probability of 
group membership of 0.91 and odds of 
correct classification of 9.8 for trajec-
tory 2, indicating well-fitting models 
(Supplementary Table S3). Participants 
in the low-stable disability trajectory 
group had a baseline HAQ-DI score 
of 0.22 units which remained stable. 
Participants in the high-increasing dis-
ability group had a baseline HAQ-DI 
score of 1.18 units, which increased 
at a constant rate of 0.014 units/year. 
Peak HAQ-DI score (median) was 1.6 
in the high-increasing group, and 0.38 
in the low-stable group (p<0.01).

Baseline characteristics, 
disease features and association 
with trajectory group 
Participants with high-increasing dis-
ability trajectories were older at re-
cruitment (p=0.01), more likely to 
have dcSSc (p<0.01) with higher peak 
MRSS (p<0.01) than those with low-
stable disability (Table I). Body mass 
index was marginally higher in those 

with high-increasing disability (26.6 
vs. 25.2kg/m2, p=0.02). Those with 
high-increasing disability trajectories 
were less likely to have antinuclear 
antibody (ANA) centromere positiv-
ity (p<0.01), anti-Scl/PM (p=0.01) and 
anti-RNP antibodies (p=0.05). PAH 
was more common in those with high-
increasing disability (p<0.01), and this 
group had lower percent-predicted dif-
fusing capacity for carbon monoxide 
(DLCO; p<0.01) and forced vital ca-
pacity (FVC; p<0.01). However, there 
was no difference in the frequency or 
severity of radiographic ILD between 
groups. SRC was more common in 
those with high-increasing disability 
although this did not reach statistical 
significance (p=0.07). Digital ulcers 
(p<0.01), digital amputation (p=0.01), 
tendon friction rubs (p<0.01) and syno-
vitis (p<0.01) were all more common 
in those with high-increasing disability. 
While there was no difference in peak 
creatinine kinase or biopsy-proven 
myositis, proximal muscle weakness 
(p<0.01) and muscle atrophy (p<0.01) 
were more common in those with high-
increasing disability. Upper (p<0.01) 
and lower (p<0.01) gastrointestinal 
symptoms were more common in those 
with high-increasing disability.  There 
was no increase in overlap syndromes 
in those with high-increasing disability.

Participants with high-increasing HAQ-
DI scores had higher levels of multimor-
bidity than those with low-stable disabil-
ity (Table I; CCI score ≥4 in 25.9% vs. 
10.4%, p<0.01). Important co-morbidi-
ties such as IHD (p<0.01), hypertension 
(p<0.00), diabetes (p=0.05), cerebrovas-
cular (p=0.01) and peripheral vascular 
disease (p<0.01) were more frequent in 
those with high-increasing disability. In 
keeping with a higher frequency of car-
diovascular disease in this group, use of 
multiple antihypertensive (p<0.01) and 
antiplatelet (p=0.02) agents, diuretics 
(p<0.01) and anticoagulation (p<0.01) 
were more common. Home oxygen use 
(p=0.01), opiate analgesia (p<0.01) and 
use of immunosuppression (p<0.01) 
including prednisolone (p<0.01) were 
more common in those with high-in-
creasing disability. 

Determinants of trajectory group 
membership 
Using multivariable logistic regres-
sion, we assessed baseline character-
istics that conferred increased risk of 
membership in the high-increasing 
trajectory of functional disability (Ta-
ble II, Univariable analyses in Suppl. 
Table S4). dcSSc (OR 2.3, 95%CI 1.3–
4.2, p<0.01) and a raised CRP (OR 2.8, 
95%CI 1.6–4.9, p<0.01) were associ-
ated with a higher trajectory of func-

Fig. 1. Trajectory groups based on HAQ-DI scores in SSc.
HAQ-DI: health assessment questionnaire disability index; n: number; SSc: systemic sclerosis. 
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tional disability, although age and sex 
were not. Multimorbidity at baseline 
was associated with high-increasing 
disability (OR 3.1, 95%CI 1.1–8.8, 
p=0.04), as was DLCO<70% (OR 1.7, 
95%CI 1.0-2.8, p=0.03) and gastro-
intestinal symptoms (OR 2.0, 95%CI 
1.1–3.8, p=0.02).Musculoskeletal SSc 
features including proximal weakness 
(OR 7.3, 95%CI 2.0–27.1, p<0.01) and 
joint contractures (OR 2.7, 95%CI 1.3–
5.3, p<0.01) were associated with in-
creasing disability, although synovitis 
and tendon friction rubs did not meet 
significance in multivariable analyses. 

Symptom burden according 
to trajectory groups
Mental and physical HRQoL were poor-
er in patients who reported more severe 
physical disability (SF-36 physical com-
ponent summary (PCS) and mental com-
ponent summary (MCS) scores worse, 
both p<0.01, Table III). The symptom 
burden from fatigue (PROMIS-29 fa-
tigue p<0.01) and breathlessness (Borg 
dyspnoea Index score, p<0.01) was 
greater in those with poor physical func-
tion. Increased patient-reported physical 
disability was associated with physi-
cian-assessed functional status (WHO 
Functional Class, p<0.01) and shortest-
recorded 6MWD (p<0.01).

Survival according to 
functional disability
Those with high-increasing trajectories 
of physical disability were more likely 
to have died during follow-up (16.1% 
vs. 5.9%, p<0.01; Fig. 2). In a multi-
variable model of all cause-mortality 
from SSc onset including age, sex, dc-
SSc, PAH, ILD and IHD (Table IV), 
high-increasing physical disability was 
associated with reduced survival (HR 
2.0, 95%CI1.0–3.9, p=0.05) independ-
ent of other significant predictors of 
poor survival including male sex (HR 
2.3, 95%CI1.2–4.5, p=0.02), PAH (HR 
5.0, 95%CI2.7–9.3, p<0.01) and older 
age at SSc onset (HR 1.1, 95%CI1.0–
1.1, p<0.01). Univariable analyses are 
presented in Supplementary Table S5.
We analysed survival in those with a 
higher baseline HAQ-DI score treated 
as a continuous variable regardless of 
trajectory group membership, meas-

Table I. Comparison of clinical features and treatments between HAQ-DI trajectory groups 
in SSc.

 	 Cohort overall 	 High/Increasing	 Low/Stable	 p-value
	 (n=426)	 HAQ-DI Score	 HAQ-DI score
		  (n=205, 48.1%)	 (n=221, 51.9%)	

Age at SSc onset (years)	 53.0 	(42.8-60.6)	 55.6 	(44.0-63.4)	 51.7 	(41.4-58.9)	 <0.01
Female sex	 352 	(82.6%)	 172 	(83.9%)	 180 	(81.4%)	 0.50
Diffuse cutaneous SSc	 140 	(32.9%)	 97 	(47.3%)	 43 	(19.5%)	 <0.01
Modified Rodnan score (highest)*	 8 	(4-18)	 13 	(6-27)	 6 	(4-11)	 <0.01
Deceased	 46 	(10.8%)	 33 	(16.1%)	 13 	(5.9%)	 <0.01
Disease duration at enrolment 	 1.8 	(0.9-3.2)	 1.7 	(0.9-2.9)	 1.9 	(1.0-3.3)	  0.24
    (years)	
Follow-up duration (years)	 6.0 	(3.5-9.1)	 6.1 	(3.7-9.0)	 5.9 	(3.4-9.2)	  0.84
Smoker (current or previous)*	 231 	(54.2%)	 112 	(54.6%)	 119 	(53.8%)	  0.87
Body mass index (kg/m2)^	 25.7 	(22.8-29.7)	 26.6 	(23.3-30.3)	 25.2 	(22.4-29.2)	 0.02
Multimorbidity (Charlson	 76 	(17.8%)	 53 	(25.9%)	 23 	(10.4%)	 <0.01 
   Comorbidity Index Score ≥4)*	
Medsger Severity Score (baseline^)	 5 	(3-7)	 6 	(4-9)	 4 	(2-5)	 <0.01
Overlap syndrome*	 50 	(11.7%)	 27 	(13.2%)	 23 	(10.4%)	 0.50
HAQ-DI Score (baseline^)	 0.5 	(0.0-1.1)	 1.1 	(0.8-1.8)	 0 	(0-0.4)	 <0.01
Serology 				  
ANA centromere	 168 	(39.7%)	 64 	(31.5%)	 104 	(47.3%)	 <0.01
RNA polymerase-3 	 32 	(7.6%)	 32 	(19.8%)	 23 	(13.5%)	  0.12
ENA				  
Scl-70	 74 	(17.6%)	 42 	(20.9%)	 32 	(14.5%)	 0.09
U1RNP	 32 	(7.6%)	 10 	(5.0%)	 22 	(10.0%)	  0.05
Scl/PM	 55 	(16.5%)	 1 	(0.5%)	 11 	(5.0%)	 <0.01
Cardiovascular				  
Diabetes*	 44 	(10.4%)	 28 	(13.7%)	 16 	(7.2%)	  0.05
Dyslipidaemia*	 177 	(41.6%)	 94 	(45.9%)	 83 	(37.6%)	  0.10
Hypertension*	 211 	(49.5%)	 126 	(61.5%)	 85 	(38.5%)	 <0.01
Stroke/TIA*	 29 	(6.8%)	 21 	(10.2%)	 8 	(3.6%)	  0.01
Peripheral vascular disease*	 22 	(5.8%)	 18 	(8.8%)	 4 	(1.8%)	 <0.01
IHD1*	 47 	(11.1%)	 32 	(15.6%)	 15 	(6.8%)	 <0.01
LVH on TTE*	 75 	(26.3%)	 42 	(31.6%)	 33 	(21.7%)	  0.06
LVEF (baseline^)	 62.6 ± 6.9%	 62.7 ± 7.1%	 62.5 ± 6.8%	 0.65
Left-sided valvular heart disease*	 244 	(58.2%)	 128 	(63.4%)	 116 	(53.5%)	  0.04
RV dysfunction *	 53 	(12.7%)	 40 	(19.9%)	 13 	(6.0%)	 <0.01
RVSP (baseline^)	 29 (	 25-34)	 31 	(26-37)	 28 	(23-32)	 <0.01
Respiratory				  
PAH*	 68 	(16.0%)	 45 	(22.0%)	 23 	(10.4%)	  <0.01
ILD (on HRCT)*	 132 	(65.4%)	 78 	(62.9%)	 54 	(69.2%)	 0.36
DLCO (baseline^) 	 72.5 ± 18.9%	 67.4 ± 18.0%	 77.1 ± 18.7%	 <0.01
FVC (baseline^)	 94.2 ± 19.4%	 90.1 ± 19.8%	 98.1 ± 18.3%	 <0.01
Vascular				  
SRC*	 19 	(4.5%)	 13 	(6.3%)	 6 	(2.7%)	  0.07
Raynaud’s phenomenon*	 423 	(99.3%)	 204 	(99.5%)	 219 	(99.1%)	  0.61
Digital ulcers*	 207 	(48.6%)	 117 	(57.1%)	 90 	(40.7%)	 <0.01
Digital amputation or gangrene*	 33 	(7.8%)	 23 	(11.2%)	 10 	(4.5%)	  <0.01
Musculoskeletal				  
Myositis (biopsy-proven)* 	 13 	(3.1%)	 8 	(3.9%)	 5 	(2.3%)	  0.33
Proximal weakness*	 106 	(24.9%)	 75 	(36.6%)	 31 	(14.0%)	 <0.01
Proximal muscle atrophy*	 88 	(20.7%)	 64 	(31.2%)	 24 	(10.9%)	 <0.01
Synovitis*	 207 	(48.6%)	 118 	(57.6%)	 89 	(40.3%)	 <0.01
Tendon friction rub*	 56 	(13.2%)	 44 	(21.5%)	 12 	(5.4%)	 <0.01
Joint contracture*	 170 	(39.9%)	 116 	(56.6%)	 54 	(24.4%)	 <0.01
Gastrointestinal				  
Upper gastrointestinal symptoms*2	 389 	(91.3%)	 196 	(95.6%)	 193 	(87.3%)	 <0.01
Lower gastrointestinal symptoms*3	 363 	(85.2%)	 188 	(91.7%)	 175 	(79.2%)	 <0.01
Other				  
ESR (peak; mm/hr)*	 24.5 	(14-38)	 30 	(16-46)	 20 	(10-31.5)	 <0.01
CRP (peak; IU/L)*	 6 	(4-14)	 9.3 	(5-20.6)	 5 	(2.1-8)	 <0.01

*Denotes ever recorded from SSc onset. 
^If baseline data not available, earliest data from first 5 years used.
1IHD defined by composite endpoint of patient-reported angina or acute myocardial infarction, or abnormal 
coronary angiogram.
2Upper gastrointestinal symptoms include history of Barret’s oesophagus, GAVE, oesophageal dysmotility, 
oesophageal strictures, dysphagia, reflux or vomiting.
3Lower gastrointestinal symptoms includes history of bowel dysmotility, pseudo-obstruction, constipation, 
faecal incontinence, diarrhoea or bloating.
4Immunosuppressive treatment defined as ever receiving corticosteroids, synthetic or biologic disease-mod-
ifying antirheumatic drugs.
ACE: angiotensin converting enzyme; ANA: antinuclear antibody; CRP: C-reactive protein; dcSSc: diffuse cu-
taneous systemic sclerosis; DLCO: diffusing capacity for carbon monoxide; ENA: extractable nuclear antigen; 
ENA: erythrocyte sedimentation rate; FVC: forced vital capacity; HAQ-DI: health assessment questionnaire 
disability index; IHD: ischaemic heart disease; ILD: interstitial lung disease; LVEF: left ventricular ejection 
fraction; LVH: left ventricular hypertrophy; n: number; PAH: pulmonary arterial hypertension; RV: right ven-
tricular; RVSP: right ventricular systolic pressure; SSc: systemic sclerosis; SRC: scleroderma renal crisis.
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ured using the first reported HAQ-
DI score within 5 years of SSc onset. 
Those with a higher baseline HAQ-DI 
score had significantly worse survival 
(HR 1.8, 95%CI1.2–2.6, p<0.01; Sup-
pl. Table S5) which remained signifi-
cant even after adjusting for age, sex, 
dcSSc, PAH, ILD and IHD (HR 1.8, 
95%CI1.2–2.8, p=0.01; Table IV).

Discussion
It is possible to identify two distinct 
trajectories of physical function in in-
dividuals with recent-onset SSc: those 
with high-increasing disability (48%) 
or low-stable disability (52%). Across 
the cohort, HAQ-DI scores were either 
stable or increased slowly (0.014 units/
year) which is below the threshold for 

minimum-clinically important differ-
ence for worsening HAQ-DI scores of 
0.125 units. Of note, this means par-
ticipants would take around 10 years to 
accrue a clinically significant increase 
in HAQ-DI score. Participants with 
high-increasing functional disabil-
ity recorded higher baseline HAQ-DI 
scores within 5 years of disease onset, 
suggesting that a significant burden of 
functional disability occurs early in 
SSc. High-increasing functional dis-
ability was associated with higher like-
lihood of dcSSc, gastrointestinal symp-
toms and musculoskeletal disease fea-
tures including those associated with 
poorer hand function at baseline, in-
dependent of non-SSc multimorbidity. 
High-increasing functional disability 
was also associated with worse HRQoL 
and increased symptom burden. Final-
ly, survival was poorest in those with 
high-increasing physical disability. 
These data demonstrate the pervasive 
nature of functional disability in SSc, 
and its correlation with a severe SSc 
phenotype and poorer HRQoL.
Almost half of our incident cohort with 
SSc had a high and increasing trajectory 
of functional disability. This highlights 
the significant burden of functional dis-
ability in SSc, and is consistent with 
data identifying greater work disability 
in SSc than in rheumatoid arthritis (22). 
In addition to specific SSc disease fea-
tures, we identified that patient-report-
ed dyspnoea, fatigue and poorer men-
tal health are associated with a higher 
burden of functional disability, as well 
as some novel associations of high-
increasing functional disability. While 
markers of SSc severity have been asso-
ciated with worse physical function (4, 
5), we detected an association of global 
SSc severity measured by MSS score 
and functional disability. We identified 
a large non-SSc comorbidity burden in 
those with a high-increasing trajectory 
of functional disability, and a signifi-
cant association between baseline mul-
timorbidity and increased functional 
disability. After adjusting for non-SSc 
comorbidity, important SSc disease fea-
tures were still strongly associated with 
functional disability. This relationship 
between multimorbidity and functional 
disability has also been seen in general 

Table II. Multiple Logistic Regression Model for SSc HAQ-DI Trajectory Group Member-
ship using baseline1 characteristics (n=352).

Item (all refer to baseline value1)	 Odds ratio	 95% Confidence interval	 p-value

Age at SSc onset (years)	 1.2	 0.7-2.0	 0.48
dcSSc	 2.3	 1.3-4.2	 <0.01
Multimorbidity2	 3.1	 1.1-8.8	 0.04
DLCO<70%	 1.7	 1.0-2.8	 0.03
FVC<80%	 0.9	 0.5-1.8	 0.86
Proximal weakness3	 7.3	 2.0-27.1	 <0.01
Joint contractures	 2.7	 1.3-5.3	 <0.01
Synovitis	 1.4	 0.8-2.4	 0.20
Tendon friction rubs	 2.0	 0.4-9.8	 0.37
Gastrointestinal symptoms4	 2.0	 1.1-3.8	 0.02
CRP>5IU/L	 2.8	 1.6-4.9	 <0.01

CRP: C-reactive protein; dcSSc: diffuse cutaneous SSc; DLCO: diffusing capacity for carbon monox-
ide; FVC: forced vital capacity; IU/L: international units per litre; n: number; SSc: systemic sclerosis.
1Baseline defined as first-recorded value within 5 years of SSc onset.
2Multimorbidity at baseline defined as baseline Charlson Comorbidity Index Score ≥4.
3Proximal weakness defined as scores <5/5 on manual muscle testing.
4Gastrointestinal symptoms defined as either upper (dysphagia, reflux or vomiting) or lower (history 
of bowel dysmotility, pseudo-obstruction, constipation, faecal incontinence, diarrhoea or bloating)       
gastrointestinal symptoms.

Table III. Comparison of physical function and HRQoL between HAQ-DI trajectory 
groups.

 	 High/Increasing HAQ-DI 	 Low/Stable HAQ-DI	 p-value
	 Trajectory Group 	 Trajectory Group
			 
General measures of physical function	 	
6MWT Performed	 145 	(70.7%)	 162 	 (73.3%)	 0.55
Lowest (shortest) 6MWD (m)*	 400 	(295-460)	 499 	 (440-555)	 <0.01
WHO Functional Class*					     <0.01
   Class I	 36 	(17.6%)	 112 	 (51.1%)	
   Class II	 71 	(34.6%)	 89 	 (40.6%)	
   Class III	 80 	(39.0%)	 16 	 (7.3%)	
   Class IV	 18 	(8.8%)	 2 (	 0.9%)	
Patient-reported outcome measures
SF-36 Physical Component Summary	 25.8 	(21.3-30.2)	 40.4 	 (33.5-47.2)	 <0.01 
   (lowest1)	
SF-36 Mental Component Summary	 34.1 	(27.8-42.3)	 43.8 	 (35.8-51.3)	 <0.01 
   (lowest1)*	
PROMIS-29 anxiety (highest1)*	 61.4 	(55.8-65.3)	 55.8 	 (48-61.4)	 <0.01
PROMIS-29 depression (highest1)*	 60.5 	(55.7-65.7)	 53.9 	 (41-58.9)	 <0.01
PROMIS-29 fatigue (highest1)*	 62.7 	(57-69)	 53.1 	 (46-58.8)	 <0.01
Borg Dyspnoea Index scores of	 152 	(76.4%)	 90 	 (41.3%)	 <0.01 
   moderate or severe dyspnoea*	

*Denotes ever recorded from SSc onset. 
1Patient-reported outcome scale scores presented as lowest scores during SSc course if lower scores 
indicate more severe symptoms, or highest recorded scores if higher scores indicate more severe symp-
toms as specified.
6MWT: 6-minute walk test; 6MWD: 6-minute walk distance; HAQ-DI: Health Assessment Question-
naire Disability Index; m: metre; PROMIS: patient-reported outcome measures information system; 
SF-36: Short Form Survey-36; WHO: world health organisation.
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populations of older adults (23, 24). 
Taken together, these data demonstrate 
that both severity of SSc internal organ 
involvement and non-SSc comorbidity 
increase the risk of functional disability 
in SSc. 
Importantly, we demonstrated that 
functional disability is prognostically 
important. Survival was significantly 
worse both in those with a high-in-
creasing trajectory of HAQ-DI scores, 

and those with higher baseline HAQ-
DI scores after adjusting for age, sex, 
dcSSc, IHD and PAH, consistent with 
previous reports that have evaluated 
prognostic markers in SSc (25, 26). 
In the wider literature, baseline HAQ-
DI scores have been shown to predict 
survival in dcSSc (27, 28), and HAQ 
scores at one year in rheumatoid arthri-
tis have been associated with all-cause 
mortality (29). This is in keeping with 

data demonstrating the prognostic im-
portance of other markers of physical 
function in SSc, including 6MWD (30) 
and WHO Functional Class/New York 
Heart Association Class III/IV dysp-
noea (31, 32). These data highlight the 
important predictive value of physical 
disability in determining prognosis and 
confirm baseline self-reported disabil-
ity as measured by HAQ-DI score as a 
useful prognostic tool in SSc. 
This study demonstrates HRQoL and 
symptom burden is consistently worse 
in those with higher levels of functional 
disability. Participants with an increas-
ing trajectory of functional disability 
had worse self-reported HRQoL, men-
tal wellbeing and dyspnoea, and worse 
physical function as measured objec-
tively (6MWD) and by the physician 
(WHO Functional Class). Dyspnoea 
(4, 33), pain (34, 35) and fatigue (34) 
have been identified as determinants of 
physical function; we identified that pa-
tient-reported measures of these symp-
toms were consistently worse in those 
with high-increasing disability. Over-
all, these data demonstrate that higher 
HAQ-DI scores correlate with other 
patient-reported outcomes of HRQoL 
and highlight the importance of patient-
reported symptoms as significant cor-
relates of functional disability. Sup-
porting this idea, while mental health as 
measured by SF-36 MCS has not been 
associated with SSc subtype or num-
ber of clinical manifestations (35), our 
data show that those with worse func-
tional disability have poorer mental 
health as measured by SF-36 MCS and 
PROMIS-29 anxiety and depression 
scores. Thus, functional disability may 
be more important than the underlying 
diagnosis in determining mental health 
and wellbeing.
The HAQ-DI is a composite score cal-
culated as the mean of 8 categories 
of physical function, including eat-
ing, walking, hygiene and grip. The 
minimum possible change in HAQ-DI 
score between tests is ±0.125 units. We 
identified that HAQ-DI score trajectory 
was stable for 48% of the cohort and 
increased slowly (0.014 units/year) in 
the remainder. This is similar to pre-
vious estimates of 0.016 units over 
a mean of 7.5 months (12), to 0.022 

Fig. 2. Kaplan-Meier survival estimates according to HAQ-DI trajectory groups.
HAQ-DI: Health Assessment Questionnaire Disability Index; SSc: systemic sclerosis.

Table IV. Multivariable Cox Proportional Hazard model for all-cause mortality from SSc 
onset according to both HAQ-DI trajectory group and baseline HAQ-DI score.

	 Hazard ratio	 95% Confidence interval	 p-value

Model using HAQ-DI trajectory groups
High-Increasing HAQ-DI trajectory group	 2.0	 1.0-3.9	 0.05
Age at SSc onset	 1.1	 1.0-1.1	 <0.01
Male sex	 2.3	 1.2-4.5	 0.02
dcSSc*	 1.7	 0.9-3.3	 0.11
PAH*	 5.0	 2.7-9.3	 <0.01
ILD*	 1.1	 0.6-2.1	 0.73
IHD*	 1.4	 0.7-2.8	 0.33
Model using baseline HAQ-DI score
Baseline HAQ-DI score	 1.8	 1.2-2.8	 0.01
Age at SSc onset	 1.1	 1.0-1.1	 <0.01
Male sex	 2.8	 1.4-5.8	 <0.01
dcSSc*	 1.4	 0.7-2.8	 0.34
PAH*	 4.6	 2.4-8.8	 <0.01
ILD*	 1.1	 0.6-2.2	 0.74
IHD*1	 1.2	 0.6-2.5	 0.61

*Denotes ever recorded from SSc onset. 
1IHD defined by composite endpoint of patient-reported angina or acute myocardial infarction, or 
abnormal coronary angiogram.
dcSSc: diffuse cutaneous systemic sclerosis; HAQ-DI: Health Assessment Questionnaire Disability 
Index; IHD: ischaemic heart disease; PAH: pulmonary arterial hypertension; SSc: systemic sclerosis. 
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units/year (13). Previous data demon-
strating HAQ-DI responsiveness have 
focussed on cohorts with early dcSSc 
(10) and treatments affecting hand 
function (11), as hand function is a 
major determinant of HAQ-DI scores 
in SSc (8). Furthermore, we identified 
that 28% of the cohort recorded a mini-
mum possible baseline HAQ-DI score 
(0), indicating a significant floor effect 
of the instrument. A similar floor effect 
of the HAQ-DI has been identified in 
gout (36). Together, these points raise 
concerns about the responsiveness of 
the HAQ-DI as an outcome measure, 
particularly in the measurement of 
change in individual study participants 
over a short follow-up period. How-
ever, physical function, functional dis-
ability and dependency are major con-
cerns for patients and remain critically 
important to quantify (7). Accordingly, 
further consideration should be given 
to the most accurate and responsive 
methods of measuring functional im-
pairment in SSc.
This study has limitations. Our cohort 
involved participants with <5 years dis-
ease duration at ASCS recruitment who 
had recorded multiple HAQ-DI scores. 
Ultimately, 60% of our cohort had two 
or more HAQ-DI scores recorded and 
were able to be included in GBTM, 
with lower frequency of dcSSc and 
mortality in participants recording ≥2 
HAQ-DI scores eligible for inclusion. 
This suggests recording multiple HAQ-
DI scores favoured a group with less 
severe SSc overall, as more unwell pa-
tients were less likely to complete and 
return PROM questionnaires. Addition-
ally, cohort studies like the ASCS are 
characterised by a degree of “survivor-
bias” where those with more severe dis-
ease and early mortality are less likely 
to survive to recruitment. Our cohort is 
likely to be biased towards a milder and 
more stable SSc phenotype. However, 
there is also a degree of selection bias 
involved in incident SSc cohorts, where 
those with more severe SSc features 
(e.g. digital ulceration) are more likely 
to be referred to a specialist centre and 
thus diagnosed and recruited with SSc 
within 5 years of disease onset. It is 
inherent to GBTM that the presented 
trajectories are those that best fit the 

data, rather than the actual trajectory of 
each participant. Furthermore, our co-
hort includes predominantly Caucasian 
participants, which limits the general-
isability of these data to other ethnic 
groups. Additionally, some outcomes 
were rare (e.g. SRC or myositis) which 
limited the power of specific analyses. 
However, despite these limitations, we 
identified clinically meaningful trajec-
tories of functional disability in SSc, 
and important phenotypic, prognostic 
and symptomatic differences between 
groups.

Conclusion
We identified two clear trajectories 
of functional disability as measured 
by HAQ-DI scores in an incident SSc 
cohort. Half of the cohort had high-
increasing physical disability, while 
the remainder had low-stable levels 
of disability. Clear clinical differences 
were identified in those with a high-
increasing trajectory of functional 
disability, particularly more frequent 
dcSSc, gastrointestinal and cardiopul-
monary involvement independent on 
non-SSc multimorbidity. Those with 
a worse trajectory of functional dis-
ability clearly present with significant 
functional impairment within the first 
5 years of disease suggesting that rapid 
deterioration early in disease is an im-
portant harbinger of a poor prognosis.  
Moreover, survival was poorer in those 
with greater disability, highlighting 
the prognostic importance of physical 
function. In addition, those with high-
increasing disability reported consist-
ently worse HRQoL, symptom burden 
and mental wellbeing. These data high-
light the pervasive nature of physical 
disability in SSc, and the importance of 
physical function in both prognosis and 
the patient experience. 
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