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B R I E F R E P O R T

The Prognostic and Functional Impact of Multimorbidity
in Systemic Sclerosis

Jessica L. Fairley,1 Dylan Hansen,2 Susanna Proudman,3 Joanne Sahhar,4 Gene-Siew Ngian,4

Diane Apostolopoulos,4 Jennifer Walker,5 Lauren V. Host,6 Wendy Stevens,1 Mandana Nikpour,7

and Laura Ross1

Objective. Our objective was to define the frequency and impact of multimorbidity in systemic sclerosis (SSc).
Method. Australian SclerodermaCohort Study participantsmeeting American College of Rheumatology/EULAR criteria

were included. Charlson Comorbidity Index scores were calculated at each visit, with multimorbidity defined as scores ≥4.
Generalized estimating equationswere used tomodel longitudinal data inmultivariablemodels including age, sex, subclass,
interstitial lung disease, and pulmonary arterial hypertension status. Survival was analyzed usingCox hazardmodeling.

Results. Of 2,000 participants, 85%were female, 27% had diffuse SSc, and 20% hadmultimorbidity. Among those
with multimorbidity, key comorbidities were hypertension (81%), dyslipidemia (67%), obstructive lung disease (50%),
malignancy (49%), and ischemic heart disease (IHD) (40%). Multimorbidity was associated with worse survival (hazard
ratio [HR] 1.57, 95% confidence interval [CI] 1.30–1.91, P < 0.01). Renal disease had the largest impact (HR 2.41, 95%
CI 1.46–3.98, P < 0.01), followed by left ventricular dysfunction (HR 1.76, 95% CI 1.21–2.57, P < 0.01), anticoagulation
(HR 1.64, 95%CI 1.28–2.08, P < 0.01), and IHD (HR 1.45, 95%CI 1.16–1.80, P < 0.01). In multivariable modeling, multi-
morbidity was associated with poorer physical function (regression coefficient [RC] +0.17 units, 95% CI 0.13–0.21, P <
0.01). Peripheral vascular disease had the largest impact on physical function (RC +0.26 units, 95% CI 0.18–0.34, P <
0.01), followed by left ventricular dysfunction (RC +0.23 units, 95% CI 0.14–0.33, P = 0.01), IHD (RC +0.22 units, 95%
CI 0.17–0.28, P < 0.01), and obstructive lung disease (RC +0.19 units, 95% CI 0.14–0.24, P < 0.01).

Conclusion. Multimorbidity occurred in 20% of patients in a large SSc cohort and was an important determinant of
both prognosis and physical function. Effective treatment of non-SSc morbidity may improve outcomes for patients
with SSc.

INTRODUCTION

Multimorbidity is an increasing public health challenge and an

important adverse prognostic factor in both the general population

and in rheumatic diseases.1,2 In particular, cardiovascular risk factor

management is an important priority in those with rheumatic dis-

eases including systemic sclerosis (SSc) and rheumatoid arthritis

(RA),3 which confer increased risk of cardiovascular disease.4,5
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Increasingly, rheumatologists are encouraged to take an active role in

the management of key comorbidities in patients with rheumatic dis-

eases to improve outcomes, particularly regarding cardiovascular

disease.5 This is especially true in the setting of socioeconomic dep-

rivation, in which individuals are less likely to access care from multi-

ple services, so an integrated approach is needed.6

TheCharlsonComorbidity Index (CCI) is a tool commonly used
to define comorbidity burden in large, population-based cohorts.7 A
series of key comorbidities are each assigned a weighted score
according to perceived severity.7 Multimorbidity, or significant
comorbidity burden, defined as a CCI score of 4 or higher, is a
threshold reached by only 6.5%of the general population, of whom
account for 23% of health care costs.8 Australian data also suggest
that those with multimorbidity have a twofold increased risk of high
health care utilization.9 In the Australian Scleroderma Cohort Study
(ASCS), multimorbidity defined by CCI score has been associated
withavarietyofadverseoutcomes includingmalnutrition,myopathy,
and cardiovascular disease.10–13 Limited data describe the fre-
quency and types of multimorbidity in SSc and suggest that multi-
morbidity is associated with poorer survival.14 However, no data
describe its impact onphysical function. Accordingly,weperformed
this study to define the frequency and impact of multimorbidity as
measured by the CCI and to establish which components of multi-
morbidity most impact both survival and physical function.

PATIENTS AND METHODS

Participants were recruited from the ASCS, a prospective
longitudinal study of SSc. All participants meeting 2013 American
College of Rheumatology/EULAR criteria for SSc15 recruited
between 2007 and July 2024 with a definable disease subclass
according to LeRoy criteria (diffuse [dcSSc] or limited SSc)16 were
included. The ASCS has been approved by all human research
ethics committees at participating sites with St Vincent’s Hospital
Melbourne as the coordinating site (HREC-A 020/07). Written
informed consent was obtained from all participants.

CCI scores were calculated at each study visit for all partici-
pants. Thirteen key comorbidities were identified and defined in
accordance with the CCI (cerebrovascular disease, congestive
heart failure, chronic obstructive pulmonary disease [COPD] or
asthma, hypertension, diabetes, ischemic heart disease [IHD],
peripheral vascular disease [PVD], chronic kidney disease [CKD],
rheumatic disease, malignancy, leukemia, lymphoma, or antico-
agulation use; Supplementary Table S1). Data for a further seven
CCI variables are not collected as part of the ASCS protocol
(depression, cellulitis or skin ulcers, liver disease, peptic ulcer dis-
ease, hemiplegia, HIV/AIDS, and dementia) and were omitted
from the CCI calculation in this study. The CCI was not modified
to included SSc disease features (eg, pulmonary arterial hyperten-
sion [PAH] and interstitial lung disease [ILD]) to ensure this
reflected general comorbidity burden rather than SSc-specific

determinants. Multimorbidity was defined as a CCI score8 ≥4,
with the highest possible score in this study being 17.

Clinical Data. Health Assessment Questionnaire Disability
Index (HAQ-DI) scores were collected annually at study visits.
Demographic and disease data and medication usage were col-
lected at each visit. Self-reported race was collected and grouped
as White or from a racial and ethnic minority group (Asian, Black,
Aboriginal or Torres Strait Islander, Hispanic, Polynesian, Middle
Eastern, or other). SSc onset was defined as the first non-Ray-
naud phenomenon SSc manifestation, with SSc duration defined
as the time from this date to ASCS recruitment. Disease manifes-
tations were considered present if they were recorded at any time
from SSc diagnosis.

The presence of IHD, diabetes, dyslipidemia, hypertension,
smoking, and medication use were recorded at each visit from
patient-reported history and medical record review. Upper gas-
trointestinal involvement was defined as the presence of
symptoms (reflux, dysphagia, vomiting) or history of Barrett
esophagus, esophageal stricture, dysmotility, or gastric antral
vascular ectasia. Lower gastrointestinal involvement was defined
as the presence of symptoms of fecal incontinence, constipation,
diarrhea, or bloating or confirmation of bowel dysmotility or
pseudo-obstruction. Clinical examination features were recorded
by the study physician at each visit (including tendon friction rubs,
synovitis, and proximal weakness on manual muscle testing [with
weakness defined as scores <5/5]). All participants underwent
annual transthoracic echocardiography and pulmonary function
testing as screening for PAH and ILD. Right heart catheterization
or high-resolution computed tomography was performed if
abnormalities were detected by clinical assessment or screening
investigations. PAH was defined according to the revised classifi-
cation criteria17 (mean pulmonary artery pressure [mPAP]
>20 mmHg, pulmonary vascular resistance [PVR] >2Wood units,
and a pulmonary arterial wedge pressure [PAWP] ≤15 mm Hg), or
if PVR was unavailable, according to previous classification cri-
teria (mPAP ≥ 25 mm Hg, PAWP <15 mm Hg)18. ILD was diag-
nosed in the presence of typical radiographic abnormalities on
high-resolution computed tomography of the chest. Myositis
was defined by a positive muscle biopsy. Raised C-reactive pro-
tein (CRP) levels were defined as values >5 IU/L. Polypharmacy
was defined as the use of five or more concurrent medications
recorded in the ASCS. The ASCS does not record a complete list
of medications, but rather specific classes of medication
(Supplementary Material S1).

Statistical analysis. Characteristics of study participants
are presented as means with SDs for normally distributed contin-
uous variables, medians with interquartile ranges (IQRs) for non-
normally distributed continuous variables, and as numbers with
percentages for discrete variables. Comparisons between demo-
graphic and clinical characteristics between groups were
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performed using the two-sample t-test for normally distributed
continuous variables, the Wilcoxon rank-sum test for nonnormally
distributed continuous variables, and the chi-square test for dis-
crete variables. Cox proportional hazard modeling using CCI
scores as a time-varying covariate was used to evaluate the
impact of multimorbidity on survival. To identify which comorbidi-
ties contributed most to prognosis, the impact of both multimor-
bidity and each separate CCI element were tested in separate
multivariable models. All multivariable models included demo-
graphic and SSc-specific variables known to be significant pre-
dictors of mortality and morbidity that did not violate the
proportional hazards assumption: age, sex, dcSSc, PAH, and
ILD status. Results are reported as hazard ratios (HRs) with 95%
confidence intervals (CIs).

Generalized estimating equations using an exchangeable
correlation structure were used to model longitudinal data to
determine the associations of multimorbidity over time. The
impact of multimorbidity and each separate CCI element were
assessed in these models adjusting for the key covariates identi-
fied as important in survival modeling (age, sex, dcSSc, PAH,
and ILD status), with results presented as regression coefficients
(RCs) and 95% CIs. Subgroup analyses were also performed
examining the impact of multimorbidity and individual comorbidi-
ties on both survival and HAQ-DI scores in four subgroups with
specific antibody profiles (antinuclear antibody [ANA] centromere
positivity, Scl-70 positivity, RNA polymerase III positivity, and
ANA positivity without an additional SSc-specific antibody). This
sensitivity analysis was only performed for comorbidities that
met statistical significance in the primary models and was
adjusted for age, sex, PAH, and ILD status. Analysis was per-
formed using Stata version 17.0 (StataCorp).

RESULTS

Of 2,000 included participants (Figure S1), 85%were female,
27% had dcSSc, and the median age was 47 (IQR 36–57) years
(Table 1). Median SSc duration at recruitment was 7 (IQR 3–16)
years, and median follow-up duration was 4 (IQR 1–9) years. Par-
ticipants had median baseline CCI scores of 2 (IQR 1–2). Among
the cohort overall, common comorbidities included hypertension
(48%), COPD or asthma (30%), malignancy (14%), IHD (14%),
diabetes (9%), PVD (9%), and cerebrovascular disease (7%). In
terms of SS-specific complications, PAH was identified in 11%
of patients, ILD was identified in 28% of patients, digital ulcers
were identified in 53% of patients, synovitis was identified in
42% of patients, SSc renal crisis (SRC) was identified in 3.6% of
patients, and myositis was identified in 2.6% of patients, and
more than 80% of patients had gastrointestinal involvement.

Characteristics of multimorbidity. Multimorbidity was
identified ever during follow-up in 401 participants (20%), at a
median of 12 (IQR 6–21) years following SSc onset. Among those

with multimorbidity, key comorbidities were hypertension (81%),
dyslipidemia (67%), COPD or asthma (50%), and malignancy
(49%; subtypes presented in Supplementary Table S2). IHD was
present in 40% of patients, one-quarter of patients had PVD,
23% of patients had diabetes, and 19% of patients had a history
of cerebrovascular disease. Left ventricular ejection fraction
(LVEF) <50% occurred in 13% of patients, CKD occurred in 6%
of patients, lymphoma occurred in 6% of patients, and leukemia
occurred in 1% of patients.

Participants with multimorbidity had an older age at SSc
onset, longer disease duration at recruitment, and long-
er duration of follow-up (P < 0.01) (Table 1). Multimorbidity was
increasingly frequent in those with longer disease duration, rising
in frequency from 18% of those with <7 years SSc duration at
recruitment to 23% of those with SSc duration ≥7 years at recruit-
ment (Figure S2A). The frequency of IHD, malignancy, PVD,
asthma or COPD, anticoagulation, and dyslipidemia all increased
with longer SSc duration at recruitment (Figure S2B).

Participantswithmultimorbidityweremore likely tobe smokers
(P = 0.01). Participants with multimorbidity were less likely to have
Scl-70positivity (P<0.01),withoutother differences in autoantibody
profile. Multimorbid participants were also less likely to be from a
racial and ethnic minority group (P < 0.01). There was no difference
in the frequency of dcSSc between groups (P = 0.10). Specific SSc
disease features were more common in those with multimorbidity,
including PAH, ILD, SRC, and both upper and lower gastrointestinal
involvement (allP<0.01). Proximal weakness (P<0.01) and synovi-
tis (P < 0.01) were more common in those with multimorbidity, as
were tendon friction rubs, although thisdidnotmeet statistical signif-
icance (P = 0.07). Raynaud phenomenon was more frequent in
thosewithmultimorbidity (P=0.03), asonly asmall numberofpartic-
ipants did not experience Raynaud phenomenon (n = 18), who
tended to have ANA-negative diffuse disease with a shorter follow-
up duration and did not meet criteria for multimorbidity. There was
no difference in the frequency of digital ulcers between the two
groups (P = 0.93). Raised CRP levels and anemia were more com-
mon in those with multimorbidity (both P < 0.01) as was the use of
prednisolone (P<0.01) but not nonglucocorticoid immunosuppres-
sion (P = 0.14). Polypharmacy and PAH treatment weremore com-
mon in those with multimorbidity (P < 0.01).

Impact of multimorbidity on survival. In multivariable
regression modeling, multimorbidity was associated with worse
survival (HR 1.57, 95% CI 1.30–1.91, P <0.01) (Table 2, Supple-
mentary Tables S3 and S4). Among CCI comorbidities, CKD
had the largest impact on survival (HR 2.41, 95% CI 1.46–3.98,
P < 0.01), followed by LVEF <50% (HR 1.76, 95% CI 1.21–2.57,
P < 0.01), anticoagulation (HR 1.64, 95% CI 1.28–2.08, P <
0.01), and IHD (HR 1.45, 95% CI 1.16–1.80, P < 0.01). PVD
(HR 1.41, 95% CI 1.04–1.93, P = 0.03), cerebrovascular disease
(HR 1.38, 95% CI 1.01–1.90, P = 0.04), malignancy (HR 1.29,
95% CI 1.02–1.65, P = 0.04), and COPD or asthma (HR 1.21,
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95% CI 1.00–1.48, P = 0.05) were also associated with worse
survival, as was leukemia, although this did not meet statistical
significance (HR 1.64, 95% CI 0.94–2.87, P = 0.08). Hyperten-
sion, diabetes, and lymphoma were not associated with worse
survival.

In a subgroup analysis, multimorbidity was associated with
an adverse prognosis in subgroups with ANA centromere positiv-
ity, Scl-70 positivity, and RNA polymerase III positivity, although
not in those with ANA positivity alone (Supplementary Tables S5–-
S8). Cardiovascular and renal disease continued to have a domi-
nant prognostic impact, with further detail about the impact of
individual comorbidities available in the electronic supplement
(Supplementary Tables S5–S8).

Impact of multimorbidity on physical function. In
multivariable regression modeling examining the impact of multi-
morbidity at each study visit, multimorbidity was associated with
a significant increase (worsening) of HAQ-DI scores (RC +0.17
units, 95% CI 0.13–0.21, P < 0.01) (Table 2, Supplementary
Tables S9 and S10). Among the CCI comorbidities, PVD was
associated with the largest impact on physical function
(RC +0.26 units, 95% CI 0.18–0.34, P < 0.01), followed by LVEF
<50% (RC +0.23 units, 95% CI 0.14–0.33, P = 0.01), IHD
(RC +0.22 units, 95% CI 0.17–0.28, P < 0.01), COPD or asthma
(RC +0.19 units, 95% CI 0.14–0.24, P < 0.01), and anticoagula-
tion (RC +0.18 units, 95% CI 0.11–0.25, P < 0.01). CKD
(RC +0.12 units, 95% CI 0.02–0.21, P = 0.01), cerebrovascular
disease (RC +0.11 units, 95% CI 0.02–0.19, P = 0.01), and
hypertension (RC 0.06 units, 95% CI 0.01–0.10, P < 0.01) were
also associated with worse HAQ-DI scores, as was lymphoma,

although this did not meet statistical significance (RC 0.08 units,
95% CI −0.01 to 0.18, P = 0.08). Presence of solid organ malig-
nancy, diabetes, and leukemia had no impact on physical
function.

In a subgroup analysis, multimorbidity was associated
with an adverse impact on function in all autoantibody
subgroups (Supplementary Tables S11–S14). Cardiovascular
and PVD continued to have a dominant impact on function,
with further detail about the impact of individual comorbidities
available in the electronic supplement (Supplementary
Tables S11–S14).

DISCUSSION

Multimorbidity was identified in 20% of patients in a large,
longitudinal SSc cohort. Multimorbidity was associated with sig-
nificantly poorer survival and physical function after adjusting for
older age and SSc-specific features. Multimorbidity also contin-
ued to have an adverse prognostic and functional impact consis-
tently across almost all autoantibody subgroups. To our
knowledge, this is the largest study to explore multimorbidity in
SSc and the only study to explore the impact of multimorbidity
on patient-reported outcomes. These findings highlight the contri-
bution of non-SSc factors to both morbidity and mortality in SSc,
identifying a non-SSc–specific factor that places patients at
increased risk of adverse outcomes.

It is well recognized that multimorbidity and comorbidity
burden contribute to adverse outcomes in rheumatic diseases,
particularly in RA. In this study, we have identified that multi-
morbidity is associated with a poorer prognosis independently

Table 2. Impact of each element of CCI score as a time-varying covariate on death and physical function as mea-
sured by HAQ-DI score at each study visit in individual multivariable models*

CCI score component

Death HAQ-DI score

N HR 95% CI P value N Coeff 95% CI P value

Multimorbidity: CCI ≥4 9,242 1.57 1.30 to 1.91 <0.01 5,999 0.17 units 0.13 to 0.21 <0.01
CCI IHDa 8,644 1.45 1.16 to 1.80 <0.01 5,852 0.22 units 0.17 to 0.28 <0.01
CCI LVEF <50% 6,982 1.76 1.21 to 2.57 <0.01 4,602 0.23 units 0.14 to 0.33 0.01
CCI anticoagulation 9,242 1.64 1.28 to 2.08 <0.01 5,999 0.18 units 0.11 to 0.25 <0.01
CCI cerebrovascular disease 8,216 1.38 1.01 to 1.90 0.04 5,634 0.11 units 0.02 to 0.19 0.01
CCI peripheral vascular disease 6,677 1.41 1.04 to 1.93 0.03 4,551 0.26 units 0.18 to 0.34 <0.01
CCI chronic kidney diseaseb 9,242 2.41 1.46 to 3.98 <0.01 5,999 0.12 units 0.02 to 0.21 0.01
CCI hypertension 8,643 0.86 0.71 to 1.05 0.14 5,840 0.06 units 0.01 to 0.10 <0.01
CCI diabetes mellitus 8,540 1.08 0.80 to 1.45 0.61 5,799 0.06 units −0.03 to 0.15 0.20
CCI COPD or asthma 8,662 1.21 1.00 to 1.48 0.05 5,863 0.19 units 0.14 to 0.23 <0.01
CCI malignancyc 9,242 1.29 1.02 to 1.65 0.04 5,999 0.02 units −0.02 to 0.05 0.33
CCI leukemia 9,242 1.64 0.94 to 2.87 0.08 5,999 0.15 units −0.08 to 0.38 0.21
CCI lymphoma 9,242 1.46 0.78 to 2.73 0.23 5,999 0.08 units −0.01 to 0.18 0.08

*Each model is adjusted for age at each review, sex, dcSSc, PAH, and ILD status. Complete models are presented in
Supplementary Tables S3 and S9. CCI, Charlson Comorbidity Index; CI, confidence interval; COPD, chronic obstruc-
tive pulmonary disease; Coeff, regression coefficient; HAQ-DI, Health Assessment Questionnaire Disability Index;
HR, hazard ratio; IHD, ischemic heart disease; LVEF, left ventricular ejection fraction.
aIHD defined as patient-reported ischemic chest pain or abnormal coronary angiography.
bChronic kidney disease defined as history of creatinine higher than 265 umL/L, dialysis, or renal transplantation.
cHistory of malignancy, excluding nonmelanoma skin cancer as well as lymphoma and leukemia, which are pre-
sented separately as per CCI items.
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of age and severe cardiopulmonary disease in patients with
SSc. Elsewhere, multimorbidity was also shown to be associ-
ated with higher SSc disease activity scores.14 We identified a
particular contribution of cardiac, vascular, and renal disease
to increased death risk. Other studies have identified an
increase in IHD in SSc4 and suggested that cardiovascular
comorbidities are similarly frequent in SSc and RA. Shared risk
factors may exist for cardiac and vascular comorbidities in
rheumatic diseases, including smoking and glucocorticoid
exposure. In addition to its well-recognized role in the develop-
ment of cardiovascular, cerebrovascular, and PVD, smoking is
a risk factor for RA development and can exacerbate SSc dis-
ease features such as Raynaud phenomenon and digital ulcer-
ation.19 Smoking cessation is important in both managing
cardiovascular risk and in preventing SSc complications.20,21

Furthermore, prednisolone exposure was identified as more fre-
quent in those with multimorbidity in our cohort, with a relatively
high frequency overall. ASCS data are collected from 2007, so
this relatively high rate of prednisolone exposure ever may
reflect historic prescribing practices and previous exposure or
seeing non-SSc rheumatologists before referral to a subspecia-
list SSc center.

Although observational data suggest an increase in cardio-
vascular risk with glucocorticoid use in RA,22,23 these risks are
not substantiated by limited randomized controlled data,24 poten-
tially due to confounding by disease severity.25 Regardless,
glucocorticoid-exposed individuals are a group requiring careful
cardiovascular risk factor monitoring, and guidelines recommend
dose minimization when possible.3 In RA, the importance of
aggressive cardiovascular risk modification is well recognized
because of the associated 50% increase in cardiovascular risk
and accelerated atherosclerotic disease.20,26 Cardiovascular
risk factor modification in RA is now considered the expected
standard of care.3 Although EULAR guidelines for RA recom-
mend that the rheumatologist monitors and initiates treatment
for key cardiovascular comorbidities including hypertension and
dyslipidemia, in practice, this can be difficult to prioritize in a busy
outpatient clinic.5 It has been shown that referral to a cardiology
outpatient clinic in patients with RA results in a significantly higher
chance of preventive treatment being initiated than patients seen
in rheumatology clinics alone.20 Increasing the visibility of multi-
morbidity and its impact in rheumatic diseases including SSc
may help to identify those needing both monitoring and treatment.
However, it is important to recognize that patients with multimor-
bidity face unique health care challenges and require specific con-
figuration and integration of services to achieve optimal
outcomes.27

A novel finding in our study was that multimorbidity was
associated with poorer physical function, even accounting for
age, sex, and presence of dcSSc, PAH, and ILD. Comorbidity
burden has been associated with poorer physical function in
inflammatory arthritis28,29 and increased symptom burden

in patients with cancer.30 Interestingly, most factors that
adversely impacted survival also impacted function, particularly
PVD, CKD, IHD, LVEF <50%, and COPD or asthma. Hyperten-
sion was observed to adversely affect physical function, but not
survival. The mechanism of this discrepancy is unclear. Hyperten-
sion has been associated with physical disability in general popu-
lation studies without established cardiovascular disease,
perhaps related to subtle or so-called preclinical cardiovascular
disease that impairs physical function and exercise tolerance.31

It may be that the prognostic impact of this preclinical cardiovas-
cular disease is attenuated by adjustment for overt cardiovascular
disease. On the other hand, malignancy contributed to poorer
survival but not physical function. Although it is unsurprising that
malignancy determines prognosis, in SSc, other disease features
(eg, PAH) seem to have a larger effect on physical function than
comorbid cancer.

A limitation of this work is that although the CCI is a well-
established tool for measurement of multimorbidity, this tool
was modified for application retrospectively to the ASCS data-
base because not all variables were available for analysis. We
deliberately applied the CCI in a conservative way, to avoid
overestimating the frequency and impact of multimorbidity in
our cohort. When clearly comparable measures were pre-
sented (eg, COPD or asthma), these were used; however, for
other measures, a surrogate marker was used (eg, cardiac fail-
ure).7 We were unable to assess the impact of comorbidities
including dementia, depression, liver disease, and peptic ulcer
disease because these variables are not collected in the ASCS
(Supplementary Table S1). This means we have likely underes-
timated the frequency of multimorbidity in our cohort.
However, our estimated frequency of 20% of patients having
multimorbidity is similar to other studies, suggesting that
multimorbidity occurs in 20% to 40% of patients with SSc
depending on the definition applied.14,32 Furthermore, the
ASCS is also characterized by a degree of “survivor bias,” in
which more unwell individuals are less likely to survive to
recruitment. However, these results are likely generalizable to
an outpatient cohort of patients with chronic SSc, for whom
non-SSc determinants of prognosis and function are of great-
est interest.

Although we identified an association of prednisolone use
with multimorbidity, we do not collect data about medication dose
or formulation in the ASCS to quantify precise exposure and fur-
ther explore the role prednisolone exposure may have in the
accrual of comorbidities. Some of the included CCI comorbidities
are also likely to have been contributed to by SSc-specific compli-
cations, particularly CKD, which was moderately correlated with
SRC. However, severe SSc complications such as SRC, which
can cause lasting damage, are also likely to also have serious
implications for patients, including accelerated vascular disease,
which may also lead to faster accrual of multimorbidity. Finally,
multimorbidity was more common in those with Raynaud

MULTIMORBIDITY IN SYSTEMIC SCLEROSIS 7 of 9



phenomenon, although this manifestation was highly frequent
overall (>98% of the cohort). The small number of individuals with-
out Raynaud phenomenon tended to have diffuse disease with
shorter follow-up duration, and thus this finding may reflect this
shorter disease duration rather than a meaningful difference.

Multimorbidity was identified in 20% of patients in a large,
longitudinal SSc cohort, with cardiovascular disease and key car-
diovascular risk factors being major contributors to the frequency
of multimorbidity. Multimorbidity was associated with both poorer
survival and physical function, even after adjusting for severe SSc
complications. Similar comorbidities determined prognosis and
functional disability in our data. These data suggest a role for
aggressive management of comorbid cardiac and renal disease
to potentially improve outcomes in SSc.
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