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ABSTRACT

Objective. To investigate the relation-
ship between insulin resistance and
digital ulcers (DUs) in patients with
systemic sclerosis (SSc).

Methods. Using a cross-sectional de-
sign, we recruited 73 consecutive fe-
male patients with SSc and 109 sex- and
age-matched healthy controls in South
Korea from July 2014 to June 2015.
The magnitude of insulin resistance
was measured using the homeostatic
model assessment of insulin resistance
(HOMA-IR). DUs ever included active
and healed DUs and the extent of skin
fibrosis was evaluated using the modi-
fied Rodnan skin score (MRSS).
Results. The HOMA-IR in patients with
SSc was significantly higher than that in
healthy controls (median 1.18 vs. 0.71,
p<0.001). In SSc patients, 7 (9.6%) had
active DUs and 14 subjects (19.2%)
had healed DUs; thus, DUs ever were
observed in 21 cases (28.8%). SSc pa-
tients with DUs ever had significantly
higher HOMA-IR and MRSS compared
with those without this feature (median,
2.05 vs. 0.99, p=0.001 and 14 vs. 9.5,
p=0.011, respectively). After adjustment
for confounding factors using multivari-
able logistic regression analyses, the
HOMA-IR showed a significant positive
association with the presence of DUs
ever in patients with SSc¢ (OR=143,
95% CI=1.01-2.05, p=0.048). In ad-
dition, higher MRSS was significantly
correlated with DUs ever (OR=1.11,
95% CI=1.02-1.21, p=0.015).
Conclusion. Insulin resistance was in-
dependently associated with the pres-
ence of DUs in patients with SSc and
may be a potential biomarker for SSc
micro-vasculopathy. Moreover, our
data also suggest a potential contribu-
tion of insulin resistance to the patho-
genesis of DUs.

Introduction

Systemic sclerosis (SSc) is a chronic
connective tissue disease of unknown

S-85

aetiology characterised by vascular
injury, immune dysregulation and pro-
gressive fibrosis of the skin and inter-
nal organs. Recently, growing clinical
and biologic evidence has supported
the concept that SSc is a primarily vas-
cular disease mediated by activation of
the immune system and evolving into
tissue fibrosis and organ damage (1, 2).
Vasculopathy of SSc mainly affects the
microvasculature and the underlying
pathologic process includes endothelial
cell injury and dysfunction contributing
to structural alterations, remodelling of
the vessel walls and progressive lumi-
nal obliterations (1, 3). Vasculopathy is
known to cause clinical manifestations
such as Raynaud’s phenomenon, digi-
tal ulcers (DUs) and life threatening
pulmonary artery hypertension (PAH)
in patients with SSc. In particular, DUs
are one of the most frequent complica-
tions of SSc and can cause significant
pain and impairment of hand function,
leading to a considerable impact on
quality of life (2). Additionally, DUs
have been considered as a clinical in-
dicator of severe vasculopathy which
may be associated with other vascular
lesions or organ involvement (4-6);
however, there are still unmet clinical
needs for the identification of reliable
predictors and effective treatment for
DUs in SSc patients.

Insulin resistance is defined as a meta-
bolic derangement resulting from an
impaired physiologic response to in-
sulin (7) and predisposes endothelial
dysfunction and arterial stiffness even-
tually leading to arterial atherosclerosis
(8). Insulin resistance is recognised as a
major pathogenetic factor for metabol-
ic syndrome (MS) which is associated
with increased cardiovascular risk (9,
10). Recently, a growing body of evi-
dence has suggested that the inflamma-
tory process can promote insulin resist-
ance (11) and extensive epidemiologic
studies have demonstrated increased
risks of insulin resistance and MS in



Insulin resistance in DUs of SSc / E.-K. Park et al.

patients with inflammatory rheumatic
diseases such as rheumatoid arthritis
(RA) and systemic lupus erythemato-
sus (SLE) (12-14). In turn, insulin re-
sistance was reported to be correlated
with disease activity in patients with
RA and SLE (15, 16). However, little
attention has been given to the risk of
insulin resistance and its association
with the pathogenesis of SSc.

In this study, considering the effects
of insulin resistance on the vascula-
ture such as endothelial dysfunction,
we hypothesised that insulin resistance
may contribute to the process of micro-
vasculopathy, especially DUs, of SSc.
Therefore, the aims of this study were
to compare the magnitude of insulin re-
sistance between patients with SSc and
healthy controls and to investigate the
relationship between insulin resistance
and DUs.

Materials and methods

Study design and population

Using a cross-sectional design, we
recruited 73 consecutive female pa-
tients with SSc and 109 sex- and age-
matched healthy controls (+ 2 years),
aged between 20 and 75 years, from a
university-affiliated rheumatology cen-
tre in South Korea from July 2014 to
June 2015. Due to the limited number
of male subjects with SSc in our cen-
tre, we recruited female SSc patients
only. All patients with SSc fulfilled
the preliminary classification criteria
of the American College of Rheuma-
tology for SSc (17). SSc patients were
classified as limited or diffuse subset
based on the extent of skin involve-
ment according to the classification
of LeRoy et al. (18) We excluded pa-
tients with rheumatic diseases other
than SSc or who refused to participate
in the present study. Healthy subjects
with no history of current or previous
rheumatic diseases and not taking any
medicine such as oral contraceptives,
that can affect insulin resistance were
selected randomly from applicants un-
dergoing annual health check-ups in
the same centre. For the age matching,
patients with SSc and healthy controls
were matched by year of birth. If no
appropriately matched healthy subject
was found, this age-matching criterion

was expanded stepwise in age incre-
ments or decrements of one year to a
maximum of two years (19). All partic-
ipants provided written informed con-
sent based on the Helsinki Declaration
before any study-related procedures.
The present study was approved by the
Research and Ethical Review Board of
Pusan National University Hospital,
Busan, South Korea (IRB no. H-1402-
005-014).

Clinical and laboratory assessments
Demographics and anthropometric pa-
rameters such as height, weight, body
mass index (BMI), waist circumfer-
ence, and blood pressure were col-
lected and measured by interview and
review of the participants’ medical re-
cords. BMI was calculated by dividing
body weight in kilograms by the square
of height in meters (kg/m?). Waist
circumference was measured using
constant tension tape at the midpoint
between the lower part of the lowest
rib and the highest point of the supe-
rior iliac crest on the mid-axillary line.
Blood pressure was assessed using a
TM-2655P apparatus (A&D Company
Ltd, Tokyo, Japan) as the mean of two
measurements taken at an interval of 5
minutes and hypertension was defined
as blood pressure =140/90 mmHg or
requiring antihypertensive drugs. Cur-
rent or previous smoking history was
also obtained.

Laboratory assessments including fast-
ing serum glucose and insulin, total
cholesterol, low density lipoprotein
cholesterol (LDL-C), high density li-
poprotein cholesterol (HDL-C), tri-
glyceride (TG) and C-reactive protein
(CRP) were conducted using 12-hour
overnight blood samples. Fasting glu-
cose and insulin levels were determined
using the glucose oxidase method (Syn-
chron LX-20, Beckman Coulter Inc.,
Fullerton, CA, USA) and radioimmu-
noassay (Diagnostic Product Co., Los
Angeles, CA, USA), respectively. TC,
TG and HDL-C concentrations were
assessed with an enzymatic colorimet-
ric reagent (Roche Diagnostics, Zu-
rich, Switzerland) and a PSO0 Module
(Roche Diagnostics) and the concentra-
tion of LDL-C was calculated by the
Friedewald formula. CRP was analysed
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by particle-enhanced immunoturbidim-
etry (Tina-quant C-reactive protein as-
say, Roche Diagnostics) with a P800
Module (Roche Diagnostics). Insulin
resistance was measured using the ho-
meostasis model assessment for insulin
resistance (HOMA-IR), calculated with
the formula developed by Matthews et
al. (20) as follows: HOMA-IR = [fast-
ing serum insulin (W[U/mL)] x [fasting
serum glucose (mg/dL)]/405.
Regarding patients with SSc, the fol-
lowing data were also obtained; dis-
ease duration, the presence of organ
involvement including DUs, autoanti-
body profile and current medications.
Active DUs were defined as loss of epi-
thelialisation and tissues involving the
epidermis, dermis, subcutaneous tissue
and sometimes also involving the bone
according to the criteria by Amanzi et
al. (21) DUs ever included both ac-
tive and healed DUs (22). The extent
of skin involvement was evaluated
using the modified Rodnan skin score
(MRSS) by a rheumatologist who was
blinded to all clinical data. Interstitial
lung disease (ILD) was diagnosed on
the basis of high-resolution computed
tomography findings such as diffuse
ground glass opacity, consolidation, or
infiltrate and pulmonary artery hyper-
tension was defined as pulmonary arte-
rial pressure >35 mmHg using colour
Doppler echocardiography at least 2
occasions by a cardiologist. Gastro-
intestinal (GI) tract involvement was
determined by clinical symptoms, in-
cluding dysphagia, heartburn or reflux
oesophagitis requiring proton pump
inhibitors, or by small bowel bacterial
overgrowth. The antinuclear antibody
expression was evaluated by indirect
immunofluorescence on HEp-2 cells
and the anti-topoisomerase I antibody
expression was assessed by immunob-
lot assay (EUROLINE anti-ENA pro-
file 1). The presence of anti-centromere
antibody was determined by the typical
pattern of indirect immunofluorescence
assay using HEp-2 cells.

Statistical analysis

Data with normal and non-normal dis-
tribution were summarised as the means
and standard deviations (SD) and medi-
ans and interquartile range (IQR), re-
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Table I. Baseline clinical and metabolic characteristics of study subjects.

Variables SSc Healthy subjects  p-value
(n=73) (n=109)

Age, years, mean + SD 53.1 +10.8 515+109 0.316
BMI, kg/m?, mean + SD 218 +2.8 232 +35 0.006
Waist circumference, cm, mean + SD 758 £ 8.9 777 83 0.136
Fasting serum glucose, mg/dL, mean + SD 88.3 + 14.7 88.8 + 15.6 0.771
Fasting serum insulin, pIU/mL, median (IQR) ~ 5.52 (4.07-10.29) 3.35 (2.3-4.54) <0.001
HOMA-IR, median (IQR) 1.18 (0.83-2.38) 0.71 (0.47-099) <0.001
Type 2 diabetes mellitus, n (%) 2 (2.7) 5 (4.6) 0.704
SBP, mmHg, mean + SD 1122 + 15.6 1192 + 164 0.004
DBP, mmHg, mean + SD 69.5 + 11.7 729 + 10.7 0.038
Hypertension, n (%) 6 (8.2) 8 (7.3) 1.000
Fasting serum LDL-C, mg/dL, mean + SD 110.6 + 31.3 118.1 + 36.7 0.155
Fasting serum HDL-C, mg/dL, mean + SD 535+ 148 575+ 128 0.053
Fasting serum TG, mg/dL, median (IQR) 107 (74.3-163.8) 78 (63.5-109.5) 0.001
CRP, mg/dL, median (IQR) 0.09 (0.03-0.34) 0.04 (0.02-0.1) 0.001
Current or previous smoker 1 (1.3) 7 (64) 0.147
Disease duration, months, median (IQR) 84 (36-127)
MRSS, median (IQR) 10 (7-16)
Limited SSc, n (%) 39 (534)
DUs ever, n (%) 21 (28.8)

Active DUs, n (%) 7 (9.6)

Healed DUs, n (%) 14 (19.2)
ILD, n (%) 40 (54.8)
PAH, n (%) 11 (15.1)
GI tract involvement, n (%) 37 (50.7)
Anti-nuclear antibody, n (%) 72 (98.6)
Anti-centromere antibody, n (%) 17 (23.3)
Anti-topoisomerase I antibody, n (%) 26 (35.6)
Current medication

Glucocorticoids, n (%) 32 (43.8)

Penicillamine, n (%) 27 (37)

Methotrexate, n (%) 7 (9.6)

Vasodilators, n (%) 35 (47.9)

Anti-platelet agents, n (%) 55 (75.3)

SSc: systemic sclerosis; BMI: body mass index; HOMA-IR: homeostasis model assessment for insulin
resistance; SBP: systolic blood pressure; DBP: diastolic blood pressure; LDL-C: low density lipo-
protein cholesterol; HDL-C: high density lipoprotein cholesterol; TG: triglyceride; CRP: C-reactive
protein; MRSS: modified Rodnan skin score; DUs: digital ulcers; ILD: interstitial lung disease; PAH:
pulmonary artery hypertension; GI: gastrointestinal.

spectively, for continuous variables and
as the number of cases with percentages
for categorical variables. The distribu-
tion of continuous variables was evalu-
ated by the Kolmogorov-Smirnov test.
For group comparisons, Student’s 7 test
or the Mann-Whitney U test was per-
formed for continuous variables and
the > test or Fisher’s exact test was
conducted for categorical variables, as
appropriate. Spearman’s correlation
analysis was carried out to estimate the
relationship between HOMA-IR and
other variables in patients with SSc.
Using multivariable backward logistic
regression analysis including variables
with p<0.2 in the univariable logistic
analyses, the odds ratios (OR) with
95% confidence intervals (CI) were
calculated to determine the association

between the magnitude of insulin resist-
ance and DUs ever. All statistical tests
were two-sided and values of p<0.05
were considered to be statistically sig-
nificant. All statistical analyses were
carried out using STATA v. 11.1 for
Windows software (StataCorp LP, Col-
lege Station, TX, USA).

Results

Table I summarises the baseline clini-
cal and metabolic characteristics of
patients with SSc and healthy subjects.
The mean (+ SD) age of SSc patients
was 53.1 (£ 10.8) years and the me-
dian (IQR) disease duration was 84
(36-127) months. Thirty-nine patients
(53.4%) were classified as limited sub-
set and 34 (46.6%) had diffuse SSc,
while the median (IQR) MRSS was 10
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(7-16). Seven (9.6%) and 14 subjects
(19.2%) had active and healed DUs,
respectively; thus, DUs ever were ob-
served in 21 cases (28.8%). ILD, PAH,
and GI tract involvement were found
in 40 (54.8%), 11 (15.1%), and 37
(50.7%) cases, respectively. The anti-
centromere antibody was presented
in 17 patients (23.3%) and anti-topoi-
somerase I antibody in 26 (35.6%). Of
interest, as compared with healthy sub-
jects, we detected a significant increase
of the HOMA-IR in patients with SSc,
despite of a significantly lower BMI.
No significant difference in waist cir-
cumference between SSc patients and
healthy controls was observed. The TG
and CRP levels in patients with SSc
were significantly higher than those in
healthy subjects whereas SSc patients
had significantly lower both systolic
and diastolic blood pressure.
Comparisons of clinical characteristics
in patients with SSc according to the
presence of DUs ever are shown in Ta-
ble II. The HOMA-IR in SSc patients
with DUs ever was significantly higher
than that in SSc patients without DUs
ever (median, 2.05 vs. 0.99; p=0.001).
In addition, SSc patients with DUs ever
had significantly higher MRSS than
those without DUs ever (median, 14
vs. 9.5, p=0.011). Further, the fasting
serum TG concentrations were higher
and the disease duration was longer
in SS patients with DUs ever than in
those without this feature, although
these factors did not reach statistical
significance. There were no significant
differences between the two groups ac-
cording to age, CRP, BMI, waist cir-
cumferences, systolic blood pressure,
diastolic blood pressure, lipid profile,
and the proportions of limited SSc,
ILD, PAH and GI tract involvement.
The frequency of the autoantibody pro-
files also did not significantly differ be-
tween the two groups. In addition, no
significant differences in the clinical
characteristics were observed between
SSc patients with active and healed DU
(data not shown).

Subsequently, whether any specific
manifestations or clinical parameters of
SSc correlated with insulin resistance
was examined. Except for DUs ever,
the HOMA-IR did not differ signifi-
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Table II. Comparisons of clinical features in patients with systemic sclerosis according to

the presence of digital ulcer.

Variables No DUs DUs ever p-value
(n=52) (n=21)
Age, years, mean + SD 542+ 112 50.6+9.5 0.202
CRP, mg/dL, median (IQR) 0.07 (0.03-0.34) 0.14 (0.07-0.35) 0.335
HOMA-IR, median (IQR) 0.99 (0.72-1.76) 2.05 (1.29-3.3) 0.001
BMI, kg/m?, mean + SD 218 £ 2.8 218 +£29 0951
Waist circumference, cm, mean + SD 756 + 9.3 76.1 +79 0.841
SBP, mmHg, mean + SD 111.7 £ 14.1 113.6 = 19.3 0.638
DBP, mmHg, mean + SD 69.1 = 112 705 = 13.1 0.623
Fasting serum LDL-C, mg/dL, mean = SD 110.5 + 32.1 1109 + 30.1 0.961
Fasting serum HDL-C, mg/dL, mean + SD 55+ 148 50 + 144 0.174
Fasting serum TG, mg/dL, median (IQR) 101 (73 - 165) 131 (88 -165) 0.092
Disease duration, months, median (IQR) 72 (33.8-123) 101 (72 -143.5) 0.094
MRSS, median (IQR) 9.5 (5-13.8) 14 (9-20.5) 0.011
Limited SSc, n (%) 29 (55.8) 10 (47.6) 0.608
ILD, n (%) 25 (48.1) 15 (71.4) 0.118
PAH, n (%) 9 (17.3) 2 (9.5) 0.494
GI involvement, n (%) 24 (46.2) 13 (61.9) 0.302
Anti-nuclear antibody, n (%) 51 (98.1) 21 (100) 1.000
Anti-centromere antibody, n (%) 14 (28.6) 3 (15) 0.358
Anti-topoisomerase I antibody, n (%) 20 (38.5) 6 (28.6) 0.591
Current medication
Glucocorticoids, n (%) 23 (44.2) 9 (42.9) 1.000
Penicillamine, n (%) 19 (36.5) 8 (38.1) 1.000
Methotrexate, n (%) 5 (9.6) 2 (9.6) 1.000
Vasodilators, n (%) 23 (44.2) 12 (57.1) 0.438
Anti-platelet agents, n (%) 38 (73.1) 17 (81) 0.561

DUs: digital ulcers; CRP: C-reactive protein; HOMA-IR: homeostasis model assessment for insulin
resistance; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; LDL-
C: low density lipoprotein cholesterol; HDL-C: high density lipoprotein cholesterol; TG: triglyceride;
MRSS: modified Rodnan skin score; SSc: systemic sclerosis; ILD: interstitial lung disease; PAH: pul-

monary artery hypertension; GI: gastrointestinal.

cantly according to the subset of SSc
or the presence of ILD or PAH (Fig. 1).
GI tract involvement was not associ-
ated with HOMA-IR, either (data not
shown). Correlation analysis showed
a significant positive relationship be-
tween HOMA-IR and MRSS (Spear-
man’s 0=0.253, p=0.031), as shown in
Fig. 2. Waist circumferences were also
positively related to increased HOMA-
IR, whereas the disease duration and
the CRP levels did not show significant
correlations with insulin resistance
(Fig.2).

Table III shows the logistic regression
models for the presence of DUs ever
in patients with SSc. In the univari-
ate analyses, increased HOMA-IR and
MRSS were significantly associated
with the presence of DUs ever. ILD
also tended to relate with DUs ever,
but this association was not statisti-
cally significant (p=0.075). No clear
associations with DUs ever were ob-
served for disease duration, age, CRP,
BMI, waist circumferences and serum

TG levels. After adjustment for con-
founding factors using a multivariable
logistic regression model with back-
ward selection, HOMA-IR showed a
significant positive association with the
presence of DUs ever in patients with
SSc (OR=1.43, 95% CI=1.01-2.05,
p=0.048). In addition, the relation-
ship between higher MRSS and DUs
ever was also statistically significant
in the multivariable logistic regression
model (OR=1.11, 95% CI=1.02-1.21,
p=0.015).

Discussion

In the present study, the magnitude
of insulin resistance was found to be
significantly higher in SSc patients de-
spite of lower BMI, as compared with
in healthy controls. Increased HOMA -
IR was an independent risk factor for
DUs ever in patients with SSc after ad-
justing for confounding factors, where-
as insulin resistance was not associated
with other clinical manifestations such
as ILD, PAH, and GI involvement.
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These results suggest the possible con-
tribution of insulin resistance to the
pathologic process of vasculopathy,
especially DUs, in patients with SSc.
Furthermore, MRSS was also found to
be significantly related to the presence
of DUs ever, and a significant positive
correlation between insulin resistance
and MRSS was observed, indicating
that insulin resistance may be involved
in the pathogenesis of skin fibrosis in
SSc patients.

An inflammatory process driven by
proinflammatory cytokines such as
tumour necrosis factor-a and interleu-
kin-6 has been recognised to promote
insulin resistance (23). Thus, recently
great attention has been paid to the re-
lationship between insulin resistance
and inflammatory rheumatic diseases
such RA and SLE. Most previous stud-
ies have reported that patients with RA
or SLE had higher insulin resistance
or frequency of MS compared with
the general population (13, 14), which
collectively could contribute to accel-
erated atherosclerosis and increased
burden of cardiovascular diseases
(CVDs). While previous reports have
shown that SSc is associated with in-
creased risk of CVDs (24, 25), studies
regarding insulin resistance in patients
with SSc are lacking. In this regard, our
result showing significantly increased
insulin resistance in SSc patients seems
noteworthy. Peralta-Amaro er al. re-
ported that the prevalence of MS in
SSc patients was 36.4%, although their
sample size was small (n=55) and they
did not compare the frequency of MS
between SSs patients and healthy con-
trols or analyse the magnitude of insu-
lin resistance such as the HOMA-IR
(26). Therefore, the present study pro-
vides more comprehensive information
on the metabolic status of SSc patients.
Notably, the present study showed that
SSc patients had a significantly lower
BMI as compared with controls, in ac-
cordance with previous studies (24,
25, 27-30). Thus, our study showed a
paradoxical association between insu-
lin resistance and obesity represented
by BMI in patients with SSc. Malnu-
trition due to intestinal malabsorption,
oesophageal hypomotility, reduced
physical activity, muscle wasting, and
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glucocorticoid treatment may reduce
the BMI in SSc patients (27). Besides
obesity, which is directly linked to
insulin resistance through the action
of adipokines, a growing body of evi-
dence suggests that inflammation cause
insulin resistance, as mentioned above.
We presumed that inflammation may be
a more important contributor of insulin
resistance in SSc patients than obesity,
which may explain a paradoxical asso-
ciation between insulin resistance and
obesity in our data. Significantly higher
CRP levels in SSc patients, as shown in
Table I, may support this notion. Simi-
lar to our data regarding SSc patients,
RA patients with low BMI (<20 kg/
m?) were also paradoxically found to
be associated with an increased risk of
CVDs (31). The inflammatory status of
RA can lead to low muscle mass with
a high percentage of fat mass, termed
“rheumatoid cachexia”, which cor-
relates with CVDs mortality (31, 32).
However, regarding patients with SSc,
both the lean body and fat mass were
found to be reduced in previous studies
(29, 30). Hence, further investigations
are needed to elucidate the complex in-
terplay between obesity and cardiovas-
cular risks including insulin resistance
in patients with SSc.

A major finding of our study was a sig-
nificant relationship between increased
insulin resistance and the presence of
DUs in patients with SSc. DUs are a
significant clinical burden for patients
with SSc and are associated with poorer
prognosis and quality of life. For prop-
er treatment, early and prompt identi-
fication of SSc patients at high risk of
DUs is crucial. Accordingly, vascular
biomarkers to assess and predict SSc
vasculopathy including pro- and anti-
angiogenic factors, autoantibodies,
chemokines and endothelial cell adhe-
sion molecules have been extensively
investigated (1, 2, 33). Among them,
certain vascular biomarkers such as en-
dothelin-1 (ET-1), and their pathways
have been suggested to become target
for novel therapies of SSc vasculopa-
thy (2). Thus, considering our data, it
is presumed that insulin resistance may
have a potential prognostic implica-
tion in DUs of SSc patients. In addi-
tion, future clinical studies focusing on
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Table III. Logistic regression models for the presence of digital ulcer ever in patients with

systemic sclerosis.

Variables Crude OR p-value Adjusted OR* p-value
(95% CI) (95% CI)
HOMA-IR 146 (1.02-2.07) 0.037 143 (1.01-2.05) 0.048
MRSS 1.11 (1.02-1.21) 0.01 1.11 (1.02-1.21) 0.015
ILD 2.7 (091 - 8.05) 0.075
Disease duration, months 1.01 (0.99-1.01) 0.149
Age, years 097 (0.92-1.01) 0.202
CRP, mg/dL 0.85 (0.21 - 3.59) 0.829
BMI, kg/m? 1.01 (0.84-1.21) 0.95
Waist circumference, cm 1.01 (0.95-1.07) 0.838
TG, mg/dL 1.01 (0.99-1.01) 0.273

*Estimated using multivariable logistic regression model with backward selection including HOMA-

IR, MRSS, ILD and disease duration.

OR: odds ratios; CI: confidence intervals; HOMA-IR: homeostatic model assessment of insulin resist-
ance; MRSS: modified Rodnan skin thickness score; ILD: interstitial lung disease; CRP: C-reactive

protein; BMI: body mass index; TG: triglyceride.

the effect of insulin-sensitising agents
on DUs will be necessary to assess the
role of insulin resistance as a therapeu-
tic target in SSc vasculopathy.

Endothelial injury and dysfunction,
which can be initiated by ischaemia
reperfusion, free radical injury, im-
mune activations, and environmental
factors, have been postulated as an
early pathologic event in vasculopathy
of SSc (1, 34, 35). An injured endothe-
lium can disturb the delicate balance
between vasodilatation and vasocon-
striction leading to decreased efficacy
of vasodilators such as nitric oxide and
overproduction of vasoconstrictors
such as ET-1 in SSc (1). A strikingly
similar pathway is also observed for
insulin resistance in endothelial dys-
function. Vascular insulin resistance
reduces the activity of the downstream
insulin signalling pathways such as the
PI3K-Akt pathway, which in turn can
decrease endothelial nitric oxide syn-
thetase enzymatic activity leading to re-
duced vasodilatation (36). In addition,
systemic insulin resistance promotes
overproduction of the vasoconstrictor
ET-1 via the mitogen-activated protein
kinase pathway (37). Thus, endothelial
dysfunction may be a common patho-
logic feature to both vasculopathy of
SSc and insulin resistance, a notion
that would support the significant rela-
tionship between HOMA-IR and DUs
observed in the present study. How-
ever, it is difficult to delineate whether
the effect of insulin resistance on DUs

of SSc is contributory or causal based
on our study and further experimental
researches are obviously needed in this
area.

The HOMA-IR was positively correlat-
ed with MRSS in our study, suggesting
a potential association between insulin
resistance and skin fibrosis in patients
with SSc. Fibrosis, a pathologic hall-
mark of SSc, results from a complex se-
ries of vascular and immune-mediated
injuries in SSc patients. Transforming
growth factor-pp (TGF-p) is considered
the master regulator of fibrosis through
initiating fibroblast activation and
myofibroblast differentiation. Peroxi-
some proliferator-activated receptor-y
(PPAR-vy), which plays a key role in
adipogenesis, vascular remodelling,
and insulin sensitivity is known to pos-
sess anti-fibrotic properties by block-
ing TGF-f signalling (38, 39). Insulin
sensitising drugs such as rosiglitazone,
a potent PPAR-y agonist, have been re-
ported to prevent and attenuate the fi-
brotic process in a bleomycin-induced
scleroderma mouse model in vivo (40).
In addition, the levels of adiponectin, a
marker of PPAR-y activity, have been
demonstrated to be inversely corre-
lated with the MRSS in SSc patients
(41). The biologic action of PPAR-Y in
the pathologic process of SSc suggests
a novel link between metabolism and
fibrogenesis and given these findings,
it is conceivable that insulin resistance
was associated with the extent of skin
fibrosis in the present study.
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There are a number of potential limita-
tions in our study that are worth noting.
First, because of the cross-sectional
design, any interpretation of causality
between insulin resistance and DUs
should be made with caution, as men-
tioned above. Considering the patho-
logic process of SSc micro-vasculop-
athy, it can be assumed that insulin
resistance may be a contributory or
ancillary factor rather than a primary
cause of the development of DUs. Fur-
ther longitudinal or experimental stud-
ies are needed to determine the role of
insulin resistance in SSc micro-vascu-
lopathy. Second, our study only includ-
ed subjects from a single centre located
in a seacoast region of South Korea.
Thus, lifestyle factors such as dietary
habits and physical activity related to
geographic characteristics could not
be fully adjusted for, which may act
as confounding factors for our results
(12). Lastly, because only female sub-
jects were recruited, any interactions
between sex, insulin resistance, and
DUs could not be evaluated.

In conclusion, insulin resistance was
found to be independently associated
with the presence of DUs in patients
with SSc and may be a potential bio-
marker for SSc micro-vasculopathy.
Our data also suggest a potential con-
tribution of insulin resistance to the
pathologic process of DUs considering
its effect on endothelial dysfunction or
injury. Further researches are needed to
investigate whether the insulin signal-
ling pathway may be a potential thera-
peutic target for vasculopathy of SSc.
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