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ABSTRACT

Objectives Recent studies have proposed associations
between systemic sclerosis (SSc) and atherosclerosis and
between SSc and cardiovascular disease. However, in Asia,
no large-scale studies have focused on the association
between peripheral arterial disease (PAD) and SSc.
Setting A nationwide observation retrospective cohort
study.

Participants The National Health Insurance Research
Database was used for selecting patients diagnosed with
SSc from 2000 to 2011. Patients diagnosed with PAD
before the index date were excluded.

Primary and secondary outcome measures The SSc
cohort comprised 1106 patients with SSc, and the non-
SSc cohort comprised 4424 matched controls. The Cox
proportional hazards regression model was used for
analysing the adjusted risk of PAD between the case and
control patients.

Results The SSc cohort exhibited a significantly higher
risk (HR=2.15, 95% Cl=1.47 to 3.14) of PAD than did

the non-SSc cohort. Patients with heart failure exhibited
the highest risk of PAD (adjusted HR=2.10, 95% Cl=1.20
to 3.70). Moreover, even without any comorbidities, the
SSc cohort exhibited a significantly higher risk (adjusted
HR=4.17 fold, 95% Cl=1.98 to 8.77) of PAD than did the
non-SSc cohort.

Conclusion SSc is associated with a significantly high
risk of PAD. Further studies are required to reduce the PAD
risk among patients with SSc.

INTRODUCTION

Systemic sclerosis (SSc) is a chronic multi-
organ autoimmune disease of elusive patho-
genesis. SSc can be of diffuse or limited form
according to the extent of skin fibrosis. One
of the severe manifestations of SSc is vascu-
lopathy, and the onset of vasculopathy in SSc
precedes other manifestations, including
fibrosis. Furthermore, the manifestations of
vasculopathy can be recognised from appear-
ances: digital ulcers, malformed capillaries
and Raynaud phenomenon at the early stage,
which then progress to significant internal
organ involvement, including pulmonary

Strengths and limitations of this study

» Our study was the first nationwide, population-
based cohort study to focus on peripheral arterial
disease (PAD) and systemic sclerosis (SSc).

» Our study showed significantly different risks of
incident PAD in the SSc in Taiwan compared with
Eastern country.

» Some limitations were the diagnoses only docu-
mented by International Classification of Diseases,
Ninth Revision, Clinical Modification with risk factors
interfered by statistical analyses instead of smoking
habits and the ankle—brachial index investigation.

arterial hypertension (PAH) and renal crisis.
It results in serious malfunctions and, ulti-
mately, the failure of almost all organs.' SSc
separates patients into two main groups such
as diffuse cutaneous SSc and limited cuta-
neous SSc. Mortality is higher in patients with
diffuse type than limited type. PAH is a severe
complication of SSc, and the leading cause of
mortality. The rate of mortality is nearly 15%
among patients with SSc with PAH.” * The
epidemiological characteristics of SSc signifi-
cantly vary according to regions and races. For
instance, the prevalence of SSc in adults has
been estimated to be 7-489 per million, and
the annual incidence rate has been estimated
to be 0.6-242 per million.*® Peripheral arte-
rial disease (PAD), a manifestation of athero-
sclerosis, is one of the most life-threatening
but underdiagnosed disorders.” ” Intermit-
tent claudication and calf discomfort are
the classic PAD symptoms; however, asymp-
tomatic PAD may be present in up to 50%
of patients with PAD.® ? Moreover, patients
with symptomatic and asymptomatic PAD
exhibit an increased risk of cardiovascular
and all-cause mortality.” A large-scale system-
atic review and meta-analysis emphasised that
PAD is a global problem, affecting at least 202
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million persons.'’ Irrespective of any preceding ischaemic
event in the brain or heart, PAD has been considered a
risk factor for cardiovascular disease that is equivalent to
coronary artery disease (CAD).""™ The established risk
factors for PAD include older age, cigarette smoking,
hypertension (HTN), diabetes mellitus (DM) and dyslip-
idaemia.” '

Several studies, including a systematic review,"” have
revealed that patients with SSc have an increased risk
of atherosclerosis by microvascular injury and diffuse
fibrosis of the skin and internal organs'® and the asso-
ciated possible pathogenic mechanisms underlying the
atherosclerotic process in SSc have been proposed and
discussed.'”'® Current study showed that 76% of patients
with SSc had haemodynamic arterial lower limb abnor-
malities related to macrovascular and/or microvascular
impairment and that 28% had vascular stiffness by
measuring ankle-brachial index, toe pressure and toe—
brachial index." A study examined the death certificates
of all French patients with SSc to determine causes of
death between 2000 and 2011. The result of the research
identified 2719 French certificates of deaths related to
SSc, mainly from cardiac (31%) and respiratory (18%)
causes, and an increase in SSc-specific mortality over
time.”” However, no large-scale study has focused on the
precise association between SSc and PAD. Therefore, we
elucidated the association between SSc and the risk of
PAD in this nationwide retrospective cohort study.

MATERIALS AND METHODS

Patient and public involvement

The Taiwan government established the National Health
Insurance (NHI) programme in 1995, covering over 99%
of the Taiwanese population.”’ The NHI Research Data-
base (NHIRD) was derived from the NHI programme
managed by the Bureau of National Health Insurance
and maintained by the National Health Research Insti-
tutes. The NHIRD has high accuracy and validity and
therefore has also been previously used.” ** Diseases are
defined in the NHIRD according to the International
Classification of Diseases, Ninth Revision, Clinical Modifi-
cation (ICD-9-CM).

Patients

We enrolled patients who were newly diagnosed with SSc
(ICD-9-CM 710.1) from 2000 to 2011 according to the
American College of Rheumatology (ACR) diagnostic
criteria. The Registry for Catastrophic Illness Patient
Database (RCIPD), an NHIRD subset, authenticated the
SSc diagnosis, and the patients were identified from the
RCIPD. In Taiwan, patients who fit the ACR diagnostic
criteria for SSc can obtain a catastrophic illness card
through their rheumatologists after undergoing peer-
reviewed examination. Patients who have this card are
exempted from some of their SSc-related medical costs.
The index date was set as the date of SSc diagnosis.
Moreover, patients aged <20 years, diagnosed with PAD

(ICD-9-CM 440.2, 440.3, 440.8, 440.9, 443, 444.22, 444.8,
447.8 and 447.9; excluding 443.0) before the index date,
or with missing information on sex or age were excluded.
Each patient with SSc was frequency matched with four
non-SSc controls with regard to age (in 5-year intervals),
sex and the year of SSc diagnosis. The index date for non-
SSc subjects was randomly appointed a month and day
with the same index year of the matched SSc cases. The
same exclusion criteria were applied for establishing the
non-SSc cohort.

Outcome and comorbidities

The primary outcome was newly diagnosed PAD obtained
from claims records. All patients were observed from the
index date to the date of the primary outcome; loss to
follow-up; death; withdrawal from the NHI programme;
or 31 December 2011. The pre-existing comorbidities
included DM (ICD-9-CM 250), HTN (ICD-9-CM 401-405),
hyperlipidaemia (ICD-9-CM 272), chronic obstructive
pulmonary disease (COPD; ICD-9-CM 491, 492 and 496),
heart failure (ICD-9-CM 428), CAD (ICD-9-CM 410-414),
stroke (ICD-9-CM 430-438) and asthma (ICD-9-CM 493).

Statistical analysis

All statistical analyses were performed using SAS software,
V.9.4. A two-tailed p value of <0.05 was considered signif-
icant. We used the %° test to determine the differences
in categorical demographic variables and comorbidities
between the SSc and non-SSc cohorts. The Student’s t-test
was used to examine the mean ages and follow-up period
between both cohorts. The cumulative incidence survival
functions for PAD development in the SSc and non-SSc
cohorts were assessed using Kaplan-Meier analysis, and
the difference between the two cohorts was compared
using the log-rank test. The incidence densities of PAD
(per 1000 person-years) were estimated for both cohorts.
Moreover, univariable and multivariable Cox propor-
tional hazards regression analysis was used to estimate
the HRs and 95% CIs of PAD development for the SSc
cohorts compared with the non-SSc cohorts. The multi-
variable models were simultaneously adjusted for age,
sex, DM, HTN, hyperlipidaemia, COPD, heart failure,
CAD, and asthma.

RESULTS
We enrolled 1106 and 4424 patients in the SSc and non-
SSc cohorts, respectively, with similar sex and age distribu-
tions (table 1). SSc was more prevalentin women (72.3%),
and 44.9% of the patients were aged <49 years. The mean
ages of the SSc and non-SSc cohorts were 52.2+14.5 and
51.7+14.8 years, respectively. Compared with the non-SSc
cohort, the SSc cohort exhibited a significantly higher
prevalence of COPD, heart failure, CAD, and asthma (all
p<0.001).

The mean follow-up periods were 4.83 (SD=3.58) and
5.60 (SD=3.54) years for the SSc and non-SSc cohorts,
respectively (data not shown). Figure 1 presents the
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Table 1 Comparison of demographics and comorbidity
between patients and controls with systemic sclerosis

Control Systemic
subjects sclerosis
(n=4424) (n=1106)
n (%) n (%) P value
Gender 0.99
Female 3200 (72.3) 800 (72.3)
Male 1244 (27.7) 306 (27.7)
Age, year 0.99
<49 1984 (44.9) 496 (44.9)
50-64 1488 (33.6) 372 (33.6)
>65 952 (21.5) 238 (21.5)
Mean (SD) 51.7 (14.8) 52.2 (14.5) 0.30*
Follow-up time 5.60 (3.54) 3.86 (3.42) <0.001*
(SD)
Comorbidity
Diabetes 398 (9.00) 92 (8.32) 0.48
Hypertension 1363 (30.8) 334 (30.2) 0.69
Hyperlipidaemia 856 (19.4) 220 (19.9) 0.68
COPD 356 (8.05) 182 (16.5) <0.001
Heart failure 104 (2.35) 83 (7.50) <0.001
CAD 620 (14.0) 202 (18.3) <0.001
Stroke 153 (3.46) 28 (2.53) 0.12
Asthma 257 (5.81) 102 (9.22) <0.001

x? test was used for the analysis.

*T-test.

CAD, coronary artery disease; COPD, chronic obstructive
pulmonary disease.
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Figure 1 Cumulative incidence of peripheral arterial disease
for patients with (dashed line) or without (solid line) systemic
sclerosis versus follow-up years.
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Figure 2 Cumulative incidence of peripheral arterial disease
for patients with (dashed line) or without (solid line) systemic
sclerosis versus index age.

cumulative PAD incidence curve for the two cohorts and
indicates that the incidence curve of PAD was significantly
higher for the SSc cohort than for the non-SSc cohort
(log-rank test, p<0.001) from the beginning to the end
of the follow-up period. Even the risk for PAD between
SSc and non-SSc groups was significantly higher through
the ascending of PAD index age in figure 2 (log-rank test,
p<0.001).

Moreover, the cumulative PAD incidence for the SSc
and non-SSc cohorts was 7% and 3%, respectively, at the
end of the follow-up period.

Table 2 lists the PAD incidence densities of both cohorts:
the SSc-to-non-SSc HRs of PAD by sex, age and comorbid-
ities. The overall incidence density rate of PAD in the SSc
cohort was 7.68 per 1000 person-years, which was higher
than that in the non-SSc cohort (3.55 per 1000 person-
years), with an adjusted HR (aHR) of 2.15 (95% CI=1.47
to 3.14). Furthermore, the highest variable-specific PAD
incidence rate in the SSc cohort was observed in men
(14.0 per 1000 person-years). The sex-specific risk of PAD
in the SSc cohort relative to that in the non-SSc cohort
was significant for both women (aHR=1.74, 95% CI=1.08
to 2.80) and men (aHR=3.28, 95% CI=1.73 to 6.23).
Moreover, the age-specific risk of PAD in the SSc cohort
relative to that in the non-SSc cohort was significant for
aged 50-64 groups and aged >65 groups (<49 vyears,
aHR=4.71, 95% CI=2.02 to 11.0; 50-64 years, aHR=2.91,
95% CI=1.59 to 5.33). In patients without comorbidities,
the risk of PAD was 4.17-fold higher in the SSc cohort
than in the non-SSc cohort (95% CI=1.98 to 8.77) (online
supplemental table).

Table 3 illustrates the crude HRs and aHRs of PAD
associated with SSc. The aHRs were calculated after
adjusting for sex, age and baseline comorbidities. The
crude HRs and aHRs of PAD associated with DM, HTN,
hyperlipidaemia, COPD, heart failure, CAD, stroke and
asthma are also listed. The aHRs were calculated after
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Table 2
sclerosis cohort and non-systemic sclerosis cohort

Incidence and adjusted HR of peripheral arterial disease stratified by sex and age compared between systemic

Control subjects

Systemic sclerosis

Compared with control subjects

No of No of Crude HR Adjusted HR*

Variables events PY Rate' (95% CI) events PY Rate (95% Cl) (95% Cl) (95% ClI)
All 88 24784  3.55(3.24t03.90) 41 5340 7.68 (6.40to 11.5) 2.12 (1.47 to 3.08)**  2.15 (1.47 to 3.14)**
Gender

Female 64 18501 3.46 (3.11t03.85) 24 4130 5.81(4.68t07.22) 1.67 (1.04 to 2.66)* 1.74 (1.08 to 2.80)*

Male 24 6283 3.82(3.20to0 4.56) 17 1211 14.0(10.0t0 19.6)  3.49 (1.87 t0 6.50)"*  3.28 (1.73 to 6.23)"**
Age

<49 10 12033 0.83(0.71t00.97) 13 2833 4.59 (3.45t06.10) 5.47 (2.40to 12.5)**  4.71 (2.02 to 11.0)***

50-64 29 7864 3.69 (3.15t04.32) 19 1664 11.4(8.45t015.4) 3.04 (1.70 to 5.42)**  2.91 (1.59 to 5.33)**

>65 49 4888 10.0(8.39to 12.0) 9 843 10.7 (7.22t0 15.8)  1.01 (0.50 to 2.06) 0.89 (0.43 to 1.83)
Comorbidity®

No 17 14868  1.14 (1.00to 4.33) 12 2769 4.33(3.30105.69) 3.80 (1.81to 7.96)**  4.17 (1.98 to 8.77)***

Yes 71 9916 7.16 (6.28t0 8.16) 29 2571 11.3(8.82to 14.4)  1.55(1.01 to 2.39)* 1.82 (1.17 to 2.82)***

*p<0.05, **p<0.01, **p<0.001.
TIncidence rate, per 1000 person-years.

FAdjusted HR : multivariable analysis including age, gender and comorbidities of diabetes, hypertension, hyperlipidaemia, COPD, heart failure, CAD,

stroke and asthma.

§Comorbidity: patients with any one of the comorbidities diabetes, hypertension, hyperlipidaemia, COPD, heart failure, CAD, stroke and asthma were

classified as the comorbidity group.

CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; PY, person-years.

adjusting for sex, age, SSc and other baseline comorbid-
ities. The crude HR of PAD increased by 1.06-fold (95%
CI=1.04 to 1.07) with age (in 1-year intervals). Moreover,
among the crude HRs, all comorbidities, were associ-
ated with a higher risk of PAD. However, after adjust-
ment for sex, age, SSc and other baseline comorbidities,

only hyperlipidaemia and heart failure were associated
with a higher risk of PAD. A stratified analysis of the
follow-up period revealed that the risk of PAD in the
SSc cohort compared with that in the non-SSc cohort
peaked during the first follow-up year (aHR=3.23, 95%
CI=1.60 to 6.51; table 4). The risk of PAD existed even

Table 3 Cox model with hazard ratios and 95% Cls of peripheral arterial disease associated with systemic sclerosis and

covariates
Crude Adjusted’
Variable HR (95% CI) HR (95% CI)
Systemic sclerosis 212 (1.47 to 3.08)*** 214 (1.47 to 3.13)**
Sex (women vs men) 1.39 (0.96 to 2.01)
Age, years 1.06 (1.04 to 1.07)* 1.05 (1.03 to 1.06)***
Baseline comorbidities (yes vs no)
Diabetes 3.11 (2.02 to 4.79)*** 1.46 (0.92 to 2.33)
Hypertension 3.28 (2.31 to 4.64)*** 1.16 (0.75 to 1.80)
Hyperlipidaemia 3.27 (2.31 to 4.64)* 1.71 (1.15 to 2.53)**
COPD 1.72 (1.05 to 2.84)* 0.69 (0.41t0 1.18)
Heart failure 6.14 (3.68 to 10.2)*** 2.10 (1.20 to 3.70)**
CAD 3.74 (2.62 to 5.35)*** 1.47 (0.96 to 2.25)
Stroke 2.23 (1.04 to 4.77)* 0.89 (0.41 to 1.94)
Asthma 217 (1.27 to 3.72)* 1.15 (0.65 to 2.05)

Crude HR refers to relative HR.
*p<0.05, *p<0.01, **p<0.001.

TAdjusted HR : multivariable analysis including age, and comorbidities of diabetes, hypertension, hyperlipidaemia, COPD, heart failure, CAD,

stroke and asthma.

CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease.

Hsieh M-C, et al. BMJ Open 2021;11:6048149. doi:10.1136/bmjopen-2020-048149



Open access

3

Table 4 Trends of peripheral arterial disease by stratified follow-up years

Follow Control subjects Systemic sclerosis Compared with control subjects

time,

years Event PY Rate’ Event PY Rate’ Crude HR*(95% CI)  Adjusted HR® (95% ClI)
<1 18 4137 4.35 15 985 15.2 3.48 (1.75 to 6.90)™* 3.23 (1.60 to 6.51)**
1-3 27 6954 3.88 11 1559  7.05 1.82 (0.90 to 3.67) 1.78 (0.88 t0 3.62)

4-5 22 5493 4.01 6 1151 5.21 1.30 (0.53 to 3.20) 1.50 (0.60 to 3.77)

>5 21 8201 2.56 9 1644  5.47 2.13 (0.98 to 4.65) 2.36 (1.06 to 5.29)

*p<0.05, *p<0.01, **p<0.001.
TRate refers to incidence rate per 1000 person-years.
FCrude HR refers to relative HR.

§Adjusted HR: multivariable analysis including age, and comorbidities of diabetes, hypertension, hyperlipidaemia, COPD, heart failure, CAD

and asthma.

CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease.

beyond 5 years of follow-up (aHR=2.36, 95% CI=1.06 to
5.29).

DISCUSSION

Taiwan has a high prevalence of PAD.**™*® This study was
the first in Asia to investigate the association between
SSc and the risk of PAD according to a longitudinal,
population-based, nationwide cohort. The epidemio-
logical characteristics of SSc significantly vary with the
geographical location. Previous studies have reported that
the SSc prevalence in Taiwan was approximately 38 per
million persons, which was higher than that reported in
a systematic literature review conducted in Japan (7 cases
per million persons) but lower than that reported in Italy
(489 cases per million persons).* 7 During the 12-year
follow-up, the cumulative incidence of PAD consistently
increased and exhibited a higher trend in the SSc cohort
than in the non-SSc cohort (figure 1). Moreover, the risk
of incident PAD in the SSc cohort increased by approxi-
mately 11-fold compared with that in the non-SSc cohort
at the end of the follow-up period; this observation is in
accordance with that of a previous study.”® Man et al®
reported that the risks of incident PAD in patients with
SSc increased by approximately fourfold compared with
those in patients without SSc. However, the risks of inci-
dent PAD in the SSc and non-SSc cohorts is significantly
different in Taiwan.

In our study, COPD, heart failure, CAD, stroke and
asthma were significantly more prevalent in the SSc group
than in the non-SSc group. After adjustment for sex, age
and comorbidities, the SSc group exhibited a 2.15-fold
higher risk of PAD than did the non-SSc group. Further-
more, the number of patients with PAD in our study
might have been underestimated because PAD is typi-
cally underdiagnosed.’ Hence, the actual effect of SSc on
PAD might be more serious than that reported here. Our
finding that patients with SSc may be more predisposed
to PAD is consistent with the findings of previous studies
conducted in Europe, the USA and Asia. 2! Moreover,
our finding is in accordance with that of the study by Zeng

et al, which demonstrated that SSc is an independent risk
factor for PAD. Nordin et af’ examined 111 patients with
SSc in Stockholm County and indicated that patients with
SSc, particularly those with anticentromere antibodies,
exhibited an increased risk of PAD. However, they did
not compare the cumulative incidence of PAD in these
patients with that in patients without SSc.

Several factors may increase the risk of PAD in patients
with SSc. First, the SSc cohort exhibited a significantly
higher incidence of comorbidities than did the non-SSc
cohort (table 1). Moreover, COPD, heart failure, CAD
and stroke were associated with an increased risk of
PAD'!' *2%; thus, patients with these comorbidities might
have an increased risk of PAD compared with patients
without these comorbidities. A study with the online data-
bases such as MEDLINE and EMBASE until December
2018 showed the comorbidities including atherosclerosis
and CAD, dyslipidaemia, infections, cancer, psychological
burden and osteoporosis in SSc.™

Second, several studies have proposed potential
reasons for endothelial dysfunction, atherosclerosis and
vasculopathy in patients with SSc, including downreg-
ulated endothelial nitric oxide synthase and increased
endothelial microparticle-associated diminished nitric
oxide synthesis™ * elevated oxidised low-density lipo-
protein and endothelin® and increased inflammatory
mediators, including tumour necrosis factor-alpha and
interleukin-6.* Additionally, Boin et al proposed that
the antibody anti-f2-glycoprotein I is associated with
PAD in patients with SSc.*” The aforementioned changes
that are caused by SSc potentially explain the stronger
association between SSc and subsequent PAD compared
with patients without SSc. Skin ulcers are frequent in
SSc due to vasculopathy and Raynaud’s phenomenon
which means a involvement of microcirculation. Patients
with SSc have higher PAD risk. The cornerstone of SSc
vascular derangement may be related with large vessels
involvement and vice versa. All of these possible mecha-
nisms above could explain the results of our study which
showed that in patients without comorbidities, the risk of
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PAD was 4.17-fold higher in the SSc cohort than in the
non-SSc cohort (95% CI=1.98 to 8.77).

After adjustment for sex, age, SSc and other baseline
comorbidities, only heart failure and hyperlipidaemia
were associated with a higher risk of PAD in our study.
Previous studies indicated that heart involvement such
as primary myocardial involvement is very common in
SSc. Repeated local ischaemic injury causing subsequent
irreversible myocardial fibrosis is the main heart failure
for patients with SSc. Cardiac involvement is recognised
as a poor prognostic factor and the leading causes of
mortality in patients with SSc.** Cardiac involvement
is a frequent visceral complication of SSc. Myocardial
fibrosis which can progress leading to arrhythmia, heart
dysfunction to heart failure is the pathophysiologic hall-
mark and the poor prognostic factor.”” In other way,
chronic inflammation might result in premature athero-
sclerosis. Other manifestations including arrhythmia
and heart failure might have a silent progress in patients
with SSc.*® Another basic study also mentioned the rela-
tionship between asymmetric dimethylarginine (ADMA)
and inflammatory syndrome. ADMA is an endogenous
nitric oxide synthase inhibitor contributing or causing
the endothelial dysfunction.”” One study mentioned the
heart failure and PAD. The reduction in the pulsatile flow
and continuous flow-induced endothelial dysfunction in
patients with heart failure could induce the PAD.* Again,
hyperlipidaemia is the established factors for PAD®
and our study confirmed the same result in patients with
SSc. Another claim records from Danish also showed
the cardiovascular manifestations of SSc such as PAD or
myocardial infarction.” Although smoking could not be
analysed in our study due to data limitation, it remained
the risk factor for PAD and Raynaud’s phenomenon.
Smoking caused the atherosclerosis through the mech-
anisms with oxidative stress and inflammation resulting
in the morphological and functional dysfunction of the
vascular endothelium.”

One strength of this study is that this is the first nation-
wide, population-based cohort study to focus on PAD in
patients with SSc in Asia, with systematic data collection
and a sufficient sample size to facilitate an effective inves-
tigation. The second strength of this study is that the
risks of incident PAD in the SSc and non-SSc cohorts are
significantly different in Taiwan compared with those in
the other Asian countries.” This indicates that physicians
should be aware of the higher risk of PAD in patients
with SSc. This study has some limitations. First, the diag-
noses recorded in the NHIRD were documented using
ICD-9-CM only, and information on risk factors that may
have interfered with analyses, such as smoking habits,
family history and the ankle-brachial index, could not
be investigated. Due to the data restriction and limita-
tion, our study could not collect the smoking habit for
the analysis of smoking, SSc and PAD, but we used COPD
and asthma to represent smoking-related diseases and to
reduce the confounding bias. Second, we attempted to
adjust and control for all interfering factors; however, the

confounding effects of the aforementioned comorbidi-
ties of PAD were probably not completely controlled.

In summary, patients with SSc have an independently
higher risk of PAD. In our study, early-onset SSc or
patients in middle age (40-50 years) would be necessary
to follow-up via monthly or quarterly compressed health
surveillance within 1 year for PAD screen.
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