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ABSTRACT

Objective: Chronic inflammatory disorders such as rheumatoid arthritis and systemic
lupus erythematosus (SLE), which are associated with insulin resistance and accele-
rated atherosclerosis, also lead to increased adipokines levels. However, it is not fully
known whether systemic sclerosis (SSc), another chronic inflammatory disease, leads
to insulin resistance and atherosclerosis and affects adipokine levels. Thus, the aim of
the present study was to determine the serum adiponectin and vaspin levels and their
possible effects on the homeostasis model assessment for insulin resistance (HOMA-
IR) index and intima-media thickness (IMT) of the common carotid artery in a cohort
of patients with SSc

Method: Twenty-three patients with SSc, 22 patients with SLE (serving as a patient
control group), and 29 healthy controls (HCs) were included in this study. Serum adipo-
nectin and vaspin levels and the HOMA-IR index and IMT were determined.

Results: Adiponectin level was significantly lower in the SSc group than in the SLE or
HC groups and the decrease of vaspin level was significant after adjusting for age in the
SSc group compared to the SLE group. HOMA-IR indexes were similar in the SSc and
HC groups, but higher in the SLE group. IMTs were higher in both patient groups than
in the HC group. Adiponectin and vaspin serum levels were not correlated with either
HOMA-IR index or IMT in SSc.

Conclusion: SSc is associated with decreased adipokines levels, but does not induce
insulin resistance, in contrast to SLE. Similar to SLE, SSc accelerates atherogenesis.
Further studies are needed to elucidate the role of adipokines in SSc.

Key words: Systemic sclerosis, systemic lupus erythematosus, adiponectin, vaspin, in-
sulin resistance.

OZET

Amag: Romatoid artrit ve sistemik lupus eritematoz (SLE) gibi kronik inflamatuar has-
taliklar insiilin direnci ve hizlanmis ateroskleroza neden olmakta ve bu hastaliklarda
adipokin diizeyleri de artmaktadir. Ancak, kronik inflamatuar bir hastalik olan siste-
mik skleroz (SSc)’un insiilin direnci ve ateroskleroz gelisimini ve adipokin diizeylerini
etkileyip-etkilemedigi tam olarak bilinmemektedir. Bu ¢aligmanin amaci, SSc hastala-
rinda serum adiponektin ve vaspin diizeylerinin belirlenmesi ve bu adipokinlerin home-
ostasis model assessment for insulin resistance (HOMA-IR) indeksi ve karotis intima-
media kalinligi (IMT) tizerine olasili etkilerinin degerlendirilmesidir.

Yontem: Calismaya 23 SSc, 22 SLE hastasi (hasta kontrol grubu) ve 23 saglikli kontrol
(HC) alind1. Serum adiponektin ve vaspin diizeyleri, HOMA-IR indeksi ve IMT belir-
lendi.

Bulgular: SSc grubunda, adiponektin diizeyi SLE ve HC gruplarindan diisiiktii, vaspin
diizeyi ise yas i¢in diizeltme yapildiginda SLE grubundan diisiikti. HOMA-IR indeksi
ise SSc ve HC gruplarinda benzerdi, ancak SLE grubunda artmisti. IMT ler her iki has-
ta grubunda da HC grubundan yiiksekti. Serum adiponektin ve vaspin diizeyleri, SSc’de
HOMA-IR indeksi ve IMT ile iliskisizdi.

Sonug: SSc’de adipositokin diizeyleri diigiiktiir ve SLE’nin aksine, insiilin direnci gelis-
memektedir. SLE’de oldugu gibi, SSc’de de aterogenez hizlanmaktadir. SSc’de adipo-
kinlerin roliine iliskin baska ¢alismalarin yapilmasi gereklidir.

Anahtar kelimeler: Sistemik skleroz, sistemik lupus eritematoz, adiponektin, vaspin,
insiilin direnci.
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Introduction

Adipose tissue is not simply a storage tissue for lipids,
but is also an active contributor to whole-body home-
ostasis. In particular, adipocytes are known to secrete
several bioactive peptides termed adipo(cyto)kines
[1]. These peptides include tumor necrosis factor alpha
(TNF-a), leptin, resistin, adiponectin, and vaspin, and
they participate in a wide variety of physiological or
pathological processes, such as atherosclerosis, insulin
resistance, inflammation, and immunity [1-4].

Adiponectin, the most abundant adipokine secreted from
adipose tissue, is known to have anti-atherogenic effects
[2,3] as well as an insulin-sensitizing effect [3]. Thus, dec-
reased adiponectin levels have been correlated with obe-
sity and diabetes mellitus [4], both of which are associated
with insulin resistance. Increased adiponectin levels have
been reported in inflammatory diseases including rheuma-
toid arthritis (RA), systemic lupus erythematosus (SLE),
and inflammatory bowel diseases (IBDs) [5-7]. These
inflammatory diseases related with increased adiponectin
level lead to insulin resistance and accelerated atheroscle-
rosis [8-10]. However, the increases in adiponectin levels
in these diseases are questioned, since pro-inflammatory
cytokines suppress the production of adiponectin [11]. A
further controversy is that adiponectin levels are lower in
metabolic diseases characterized by insulin resistance, at-
herosclerosis, and low-grade inflammation [4].

Vaspin (visceral adipose tissue-derived serine protease
inhibitor) has recently been identified as an adipokine
that is expressed predominantly in visceral adipose tis-
sue [12]. Vaspin mRNA expression has been positively
correlated with body mass index (BMI) [12], and admi-
nistration of vaspin to obese mice has improved glucose
tolerance and insulin sensitivity [13]. An inverse asso-
ciation between serum vaspin level and carotid steno-
sis has also been documented [14]. However, Senolt et
al. [15] have demonstrated elevated levels of vaspin in
synovial fluid of patients with RA.

Systemic sclerosis (SSc), an autoimmune inflammatory
disorder of unknown etiology, is characterized by severe
and progressive fibrosis of the skin and of the visceral
organs. Although the pathogenesis of SSc is not fully
understood, it appears to involve interactions between
blood vessels, fibroblastic activity, and immunological
processes [16]. Whether SSc affects the production of
adipokines, leads to insulin resistance and atherosc-
lerosis, has not yet been established, although several
inflammatory disorders including RA, SLE and IBD
associated with insulin resistance and accelerated athe-
rosclerosis [8-10] do alter adipokine levels [5-7]. The aim
of the present study was to determine the serum adipo-
nectin and vaspin levels in a cohort of patients with SSc
and to establish their possible effects on the homeostasis
model assessment for insulin resistance (HOMA-IR) in-
dex and intima-media thickness (IMT) of the common
carotid artery in these patients.
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Materials and Methods

Participants: Twenty-three patients with SSc, 22 pati-
ents with SLE (serving as a patient control group), and
29 healthy controls (HCs) were included in this study.
Patients were recruited from those treated and followed
up in the Rheumatology Department of Firat University
Hospital, Elazig, Turkey. HCs were selected from staff
members employed in our institute. SSc was diagnosed
according to the American College of Rheumatology
(ACR) preliminary criteria classification of SSc [17],
which include findings of either the sole major criterion,
i.e., thickening of skin proximal to the metacarpopha-
langeal joints, or two or more of the minor criteria, i.e.,
1) sclerodactyly, 2) digital pitting scars of fingertips or
loss of substance of the distal finger pad, and 3) bilateral
basilar pulmonary fibrosis. SLE was diagnosed accor-
ding to the ACR revised classification criteria for SLE
[18], which has 11 items, objective clinical, and labora-
tory variables. Diagnosis of SLE requires the presence of
at least four criteria. This study protocol was approved
by the institutional Ethics Committee, and all the par-
ticipants gave informed consent before enrolling in the
study.

Detailed histories of all of the participants were obtai-
ned and systemic and rheumatologic examinations were
performed. Corticosteroid usage was also recorded. For
all the participants, body weight (BW) and body height
(BH) were measured to determine the BMI, expressed
as: BMI=BW (kg)/BH (m)>.

Patients with hypertension, diabetes mellitus, liver or
kidney diseases, endocrine disorders, receiving statins,
smokers, and history of atherosclerosis and/or familial
dyslipidemia were excluded from this study.

In the SSc group, the disease activity was determined
by the Valentini disease activity index that includes mo-
dified Rodnan skin score, scleredema, changes in skin
symptoms, vascular symptoms and cardiopulmonary
symptoms within the last month, as well as digital nec-
rosis, arthritis, lung diffusion capacity, erythrocyte se-
dimentation rate (ESR), hypocomplementemia, and total
disease activity score of 10 (if it was >3, SSc was defined
as active) [19]. The disease damage and severity in the
SSc group was determined by Medsger disease severity
scale [20]. This scale assesses disease involvement in 9
organ systems; namely, general health, peripheral vas-
cular, skin, joint/tendon, muscle, gastrointestinal tract,
lungs, heart, and kidneys. Each organ system was scored
separately from 0 to 4, depending on whether there is no,
mild, moderate, severe, or end-stage involvement [20].

The SLE activity status was assessed using the SLE Di-
sease Activity Index (SLEDAI) [21]. SLEDAI is a global
index including 24 weighted objective clinical and la-
boratory variables. Disease activity can range from 0 to
105, and active SLE was defined as a SLEDAI score of
>6 [21]. The discase damage and severity was determi-
ned by Systemic Lupus International Collaborating Cli-
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Table 1. Demographics and clinical characteristics of the SSc, SLE, and HC groups

SSc (n=23) SLE (n=22) HC (n=29) P

Age (years) 43.8+13.57 34.4+11.3 38.0+10.3 0.029*
Female/Male 221 20/2 23/6 0.175**

BMI (kg/m?) 25.2+4.3 23.5+4.5 26.0+4.7 0.158*

SBP (mmHg) 109+12 106+12 102+16 0.217*

DBP (mmHg) 70+9° 65+8 62+10 0.016*

Disease duration (years) 4.51+6.91 410x4.22 - 0.328
Corticosteroid usage (%) 39 91 - <0.001**
Corticosteroid dose (mg/d)* 3.7+6.8 7191 - 0.246*

SSc: systemic sclerosis, SLE: systemic lupus erythematosus, HC: healthy controls, BMI: body mass index, SBP: systolic blood pressure, DBP:
diastolic blood pressure.
Data were presented as mean + SD.
P values of *ANOVA, and **Chi-square tests.
vs. the SLE group: *p<0.05.
vs. the HC group: ®p<0.05.
# . . . .
equivalent prednisolone dosage of corticosteroids.

Table 2. Laboratory data for the SSc¢, SLE and HC groups

SSc (n=23) SLE (n=22) HC (n=29) P
TC (mg/dL) 174+35 1711682 206+36 0.021
LDL-C (mg/dL) 112+24 122+44 134+28 0.069
HDL-C (mg/dL) 40+12° 44412 52+12 0.004
Triglyceride (mg/dL) 134+54 146+80 128+47 0.577
FBG (mg/dL) 94141 8418 89+13 0.054
Insulin (IU/mL)* 7.8+4.2 9.9+6.8 6.7+3.3 0.033
C-peptide (ng/mL) 2.9+1.2° 3.1+1.4° 2.0+0.5 <0.001
HOMA-IR 1.9+1.8 2.0+1.4 1.4+0.7 0.092
ESR (mm/h) 29.6+19.5¢ 42.6+23.3° 18.4+9.8 <0.001
CRP (mg/L) 11.1+15.6 7.6+8.3 6.5+7.9 0.367
TNF-a (pg/mL)t 13.6+5.2¢ 21.4+17.8° 11.4+9.5 <0.001
IL-6 (pg/mL)* 11.817.7° 8.8+11.12 3.6+4.9 0.006
Adiponectin (pg/mL) 6.6+3.2°¢ 10.6+1.8 9.1£3.8 <0.001
Vaspin (pg/mL)* 341+284 552+325 434+343 0177
IMT (mm) 0.677+0.081° 0.644+0.074° 0.547+0.035 <0.001

SSc: systemic sclerosis, SLE: systemic lupus erythematosus, HC: healthy controls, TC: total cholesterol, LDL-C: low-density lipoprotein
cholesterol, HDL-C: high-density lipoprotein cholesterol, FBG: fasting blood glucose, HOMA-IR: homeostasis model assessment for insulin
resistance, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, TNF: tumor necrosis factor, IL: interleukin, IMT: intima-media
thickness.

Data were presented as mean + SD.

"Logarithmic transformations were applied to data with skewed distribution before statistical analysis.

P values of *ANOVA.

vs. the HC group: *p<0.05, *p<0.01, °p<0.001.

vs. the SLE group: %p<0.05, ¢p<0.001.

nics/American College of Rheumatology (SLICC/ACR)
damage index in the SLE group [22]. The index has 41
items covering 12 systems. It includes specific comor-
bidities associated with SLE, and total score is 47 [22].

samples were stored at —20°C until further analysis.
Complete blood cell counts were assessed with a CELL-
DYN 3700 hematology analyzer (Abbott Laboratories,
Illinois, USA) using commercial kits (Abbott Laborato-
ries, Illinois, USA). Fasting blood glucose (FBG), lipid
profile, and hepatic and renal function tests were measu-

Laboratory analysis: Blood samples were drawn from
all the participants, who had fasted overnight. Serum
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red with an Olympus AU600 analyzer (Olympus Optical
Co. Ltd, Tokyo, Japan) using commercial kits (Olympus
Corporation, Tokyo, Japan). ESR was determined by
Westergren method (Vacuplus ESR-120, Len-med, An-
kara, Turkey), and C-reactive protein (CRP) levels were
determined with a Dade Behring BN II nephelometer (Si-
emens, Marburg GmbH, Germany) using commercial kit
(CardioPhase, Siemens, Marburg GmbH, Germany).

Serum insulin and C-peptide levels were determinede-
with chemiluminescence assays (DPC-Immulyte-2000
Washington, USA) using appropriate commercial Kkits
(Diagnostic Products Corporation, Los Angeles, CA,
USA). Insulin resistance was calculated by the HOMA-IR
index using the following equation: HOMA-IR=(fasting
blood insulin (pU/mL) x FBG (mmol/L)/22.5). HOMA-IR
values > 2.7 were considered to indicate insulin resistance.

Serum TNF-o and interleukin (IL)-6 (BioSource Inter-
national, Inc. Camarillo, California USA), adiponectin
(Phoenix Pharmaceuticals, Inc. Karlsruhe, Germany),
and vaspin (Alpco Diagnostics, Salem, New Hampshire,
USA) levels were determined using by enzyme-linked
immunosorbent assay (ELISA) (ELx 800 Plate Reader,
BioTek Instruments, Vermont, USA) methods following
the manufacturer’s instructions.

Carotid intima-media thickness: The subjects were
studied in the early afternoon under standardized condi-
tions, in a quiet room at a comfortable temperature. All
participants had fasted before testing and were asked to
refrain from strenuous exercise or drinking alcohol or
caffeine-containing beverages for 24 h before the study.
Upon arrival at the investigation unit, the subjects were
equipped with measurement devices and then rested
supine for about 15-20 min, until heart rate and mean
blood pressure (BP) trends demonstrated that satisfac-
tory baseline conditions had been achieved. Arterial BP
and carotid artery values were measured during the last
5 min of the resting period. All study cases underwent
carotid ultrasonography; all studies were performed by
an experienced research sonographer using an identical
protocol and were interpreted by a single cardiologist,
who was blinded to the subjects’ clinical and laboratory
findings. The common carotid arteries were evaluated
with high-resolution B-mode ultrasonography using an
echotomographic system (Acuson Sequaoi 512 machi-
ne; Acuson, Minnesota, USA) with a 7.5 MHz linear
transducer. Patients were examined in the supine posi-
tion, with the neck rotated 45° in the direction opposite
the site that was being examined. IMT was measured on
the far wall at 5, 10, and 15 mm proximal to the carotid
bifurcation, over both right and left common carotid ar-
teries. The IMT was defined as the distance from the le-
ading edge of the first echogenic line to the leading edge
of the second echogenic line. Reproducibility of the IMT
measurement was deemed acceptable, as demonstrated
by a coefficient of variation (CV) of 3% for the IMT. The
mean IMT, defined as the mean of the six measurements
(three for each side), was used for statistical analysis.
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Statistical analysis; Statistical analysis was performed
using the Statistical Package for the Social Sciences
(SPSS 11.0, Chicago, IL, USA). Results were presen-
ted as mean + standard deviation (S.D.). The normal
distribution of the variables was evaluated with the
Kolmogorov-Smirnov test, and logarithmic transfor-
mations were performed to normalize data with skewed
distribution (insulin, TNF-a, IL-6, and vaspin). Statis-
tical differences among the groups were identified with
one-way analysis of variance (ANOVA) followed by
the Tukey’s post hoc test. Chi-square test was used to
compare the categorical variables. Correlation analysis
was performed using the Pearson correlation coeffici-
ent. Analysis of covariance (ANCOVA) was also used to
adjust variables for age, gender and BMI. P values less
than 0.05 were considered to be significant.

Results

The demographics and laboratory data in the SSc, SLE,
and HC groups are summarized in Tables 1 and 2. The
mean age was higher in the SSc group than in the SLE
group (p<0.05), while the mean ages in the SLE and SSc
groups were simila to those of the HC group (p>0.05 for
both). The female/male ratios and the BMIs were simi-
lar among all groups. The Valentini and Medsger scores
were 3.7+1.2 and 6.2+2 .4, respectively, and the disease
duration was 4.5+6.9 years, in the SSc group. The SLE-
DAI and SLICC/ACR scores were 7.9+6.2 and 0.77+1.19,
respectively, and the disease duration was 4.1+4.2 years,
in the SLE group. The disease activity indexes and se-
verity scores were not associated with the adiponectin or
vaspin levels in the SSc and SLE groups (p>0.05).

When compared with the HC group, the high-density li-
poprotein cholesterol (HDL-C) level was lower in the
SSc group (p<0.01), while the total cholesterol (TC) le-
vel was lower in the SLE group (p<0.05).

The FBG levels were similar among all groups. Altho-
ugh insulin and C-peptide levels in all groups were dif-
ferent by ANOVA (p=0.033 and p<0.001, respectively),
post-hoc tests did not demonstrate any differences in
terms of insulin level, in paired comparisons. However,
the C-peptide levels were higher in the SSc¢ and SLE
groups (p<0.01 and p<0.001, respectively) than in the
HC group. After adjustment for age, HOMA-IR indexes
were similar in the SSc and HC groups, and higher in
the SLE group than in the HC groups (ANCOVA p<0.05
for both). Moreover, while 3.4% of the control group and
13% of the SSc group (odds ratio [OR]: 1.8, 95% con-
fidence interval [CI]: 0.9-3.5, p=0.197) showed insulin
resistance, it was more frequent in the SLE group (22.7%
of SLE patients had insulin resistance, and OR: 2.2, 95%
CI: 1.3-3.7, p=0.034).

The ESR and TNF-a levels were higher in the SLE gro-
up than in the SSc (p<0.05 for both) and the HC (p<0.001
for both) groups. The CRP levels were similar among all
three groups. The levels of IL-6 were higher in the SSc
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and SLE groups (p<0.01 and p<0.05, respectively) than
in the HC group.

The adiponectin levels were similar in the SLE and HC
groups, while adiponectin level was lower in the SSc
group compared to the SLE and HC groups (p<0.001
and p<0.01, respectively). The significant decrease
in the adiponectin level was found consistently in the
SSc group even after adjustment for age. Adiponectin
level was positively correlated with the CRP (r=0.513,
p=0.012) and IL-6 (r=0.472, p=0.041) levels in the SSc
group, while it was correlated with the levels of low-
density lipoprotein cholesterol (r=0.491, p=0.024), insu-
lin (r=0.501 p=0.021), C-peptide (r=0.581, p=0.006), and
HOMA-IR index (r=0.536, p=0.012) in the SLE group
(Table 3). In the SLE group, adiponectin level was hig-
her in the insulin resistant patients compared to the pa-
tients who did not show insulin resistance (12.3+1.7 vs.
10.1£1.5 pg/mL, p=0.017).

Neither one-way ANOVA nor post-hoc tests demonstra-
ted any differences in the vaspin levels among all groups.
However, the vaspin level was lower in the SSc group
than in the SLE group (ANCOVA p<0.05), after adjust-
ment for age.

The IMTs were higher in both patient groups than in
the HC group (p<0.001 for both). After adjustment for
age the increase in IMTs remained significant (ANCO-
VA p<0.001 for both). The IMT was correlated with the
age (r=0.421, p=0.046), systolic BP (r=0.531, p=0.009),
diastolic BP (r=0.433, p=0.039), triglyceride (r=0.459,
p=0.032), and C-peptide (r=0.494, p=0.016) levels in
the SSc group. In the SLE group, the IMT was corre-
lated with the age (r=0.441, p=0.040) and TC (r=0.444,

Table 3: Detected correlations in the study groups

p=0.038), while it was correlated with C-peptide
(r=0.373, p=0.032) and TNF-a (r=0.390, p=0.037) levels
in the HC group (Table 3).

Nine patients in the SSc group (mean equivalent dose
of 3.7+6.8 mg/day prednisolone), and 20 patients in the
SLE group (mean equivalent dose of 7.1+9.1 mg/day
prednisolone) were receiving corticosteroids (p<0.001).
However, no effect of corticosteroid usages was noted
with respect to the levels of adiponectin and vaspin, or
with the HOMA-IR index in the SSc and SLE groups
(data not shown).

Discussion

In our study, serum adiponectin and vaspin levels were
lower in the SSc group in contrast to the SLE group. Alt-
hough SSc does not induce the development of insulin
resistance, it does accelerate atherosclerosis. However,
both increased insulin resistance and accelerated athe-
rosclerosis are prominent issues in SLE. To our know-
ledge, this is the first study demonstrating that serum
adiponectin and vaspin levels are lower in SSc patients.
Interestingly, although the levels of these two insulin
sensitizer adipokines were lower, no increase in insulin
resistance was observed in patients with SSc.

Chronic inflammatory diseases such as RA and SLE
increase insulin resistance and accelerate atherosclerosis
[8-10,23,24]. However, whether same effect occurs with
SSc has not yet been established. Adipokines are well
known to play significant roles in the development of
insulin resistance and in the pathogenesis of atheroscle-
rosis [3,4,12,14]. Although serum adipokine levels have
been associated with insulin resistance and atherosclero-

Groups Correlations r P
Adiponectin- CRP 0.513 0.012
Adiponectin- IL-6 0.472 0.041
IMT-Age 0.421 0.046
SSc IMT-SBP 0.531 0.009
IMT-DBP 0.433 0.039
IMT-TG 0.459 0.032
IMT-C-peptide 0.494 0.016
Adiponectin-LDL 0.491 0.024
Adiponectin-Insulin 0.501 0.021
SLE Adiponectin-C-peptide 0.581 0.006
Adiponectin-HOMA-IR index 0.536 0.012
IMT-Age 0.441 0.040
IMT-TC 0.444 0.038
He IMT-C-peptide 0.373 0.032
IMT-TNF-a 0.390 0.037

SSc: systemic sclerosis, SLE: systemic lupus erythematosus, HC: healthy controls, CRP: C-reactive protein, IL: interleukin, IMT: intima-media
thickness, SBP: systolic blood pressure, DBP: diastolic blood pressure, TG: triglycerides, LDL: low-density lipoprotein cholesterol, HOMA-IR:
homeostasis model assessment for insulin resistance, TC: total cholesterol, TNF: tumor necrosis factor.
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sis in the general population [3,4,12,14], their contribu-
tions to insulin resistance and atherosclerosis in chronic
inflammatory diseases are not yet known. In our study,
although an accelerated atherogenesis was evident, no
change in insulin resistance was determined in the pati-
ents with SSc. In contrast to other chronic inflammatory
diseases [5-7,15], the decreased adiponectin and vaspin
levels and the lack of any increase in insulin resistance
in patients with SSc may be associated with the less-
prominent intensity of inflammation associated with
SSc. The accelerated atherosclerosis in patients with SSc
may instead be explained by the extensive endothelial
dysfunction in SSc. In addition, adiponectin and vaspin
levels in SSc appear not to be associated with insulin
resistance and atherosclerosis, in contrast to the general
population.Adiponectin is most abundantly produced in
white adipose tissue by both fat and non-fat cells [25]
and exerts its insulin sensitizing actions through inhi-
bition of gluconeogenesis in liver and activation of free-
fatty acid oxidation in skeletal muscles [26]. Adiponec-
tin is also reported to attenuate neointimal thickening in
mechanically injured arteries [2]. Cross-sectional studi-
es have also indicated a relationship between decreased
adiponectin levels and atherosclerosis [4,27]. Adiponec-
tin levels are lower in patients with insulin resistance
and atherosclerosis, both of which are considered to rep-
resent low-grade inflammatory diseases [2-4]. On the
other hand, increased pro-inflammatory cytokines such
as TNF-a and IL-6 have been suggested to suppress pro-
duction of adiponectin [11]. Thus, the high adiponectin
levels that are seen in inflammatory diseases such as RA
[5], SLE [6] and IBDs [7] are paradoxical. In our study,
adiponectin levels were lower in the SSc group than in
the SLE and HC groups.

While insulin resistance, glucose intolerance, and
hypertriglyceridemia are consequences of hypoadipo-
nectinemia [28], adiponectin also has anti-inflammatory
[29] and anti-oxidant [30] effects. Oxidative stress is
suggested to be involved in the pathogenesis of SSc [31].
Furthermore, SSc is characterized by excessive extra-
cellular matrix (ECM) deposition in the skin and several
visceral organs, while a decrease in matrix metallopro-
teinase (MMP) activities plays a significant role in the
pathogenesis of this ECM deposition. Serum levels of
tissue inhibitor of matrix metalloproteinase (TIMP)-1
are elevated in SSc patients, whereas serum MMP-1 le-
vels are similar to those in normal controls [32]. These
data suggest that a local or systemic MMP/TIMP imba-
lance may underlie the pathogenesis of fibrosis. Decre-
ased MMP levels or decreased MMP activities due to
increased TIMP-1 expression in SSc may lead to ECM
accumulation due to impaired ECM degradation. Adi-
ponectin has been reported to stimulate MMP activities
[33]. Adiponectin level was lower in the SSc group than
in the HCs in our study. Ehling et al. [34] demonstrated
that adiponectin mRNA was not expressed by cultured
fibroblasts harvested from scleroderma patients in cont-
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rast to fibroblasts from RA patients. The activities of
MMPs may be reduced due to the decreased adiponectin
levels in SSc. Thus, hypoadiponectinemia may contribu-
te to the pathogenesis of SSc.

In SLE, diverse results concerning the level of serum
adiponectin have been reported [6,35, 35]. Rovin et al.
[6] noted that the adiponectin level was higher in SLE,
and that it can be a predictor of renal SLE flare-up. Sada
et al. [35] also described an increase in adiponectin level
in conjunction with SLE. On the other hand, Vadaca et
al. [36] observed no increase in the level of adiponectin
in patients with SLE. We also observed no change adipo-
nectin level in our study. These conflicting results may
be associated with the heterogeneous nature of SLE and/
or patient disease activity status. Indeed, different cyto-
kines can be elevated during the different manifestati-
ons of SLE [37]. Other diverse results concerning levels
of other adipocytokine have also been reported in SLE
patients [35,38].

Vaspin is an adipokine newly identified by Hida et al.
[13]. Its expression is reported to be related with glucose
level, insulin sensitivity, and BMI or body fat mass [12,
39], and is higher in obesity, diabetes, and polycystic
ovary syndrome, which are characterized by the pre-
sence of insulin resistance [12,39,40]. Elevated vaspin
level seems to be a compensatory response to insulin
resistance [12]. Administration of recombinant vaspin
to obese Crl: CD-1 mice fed with high-fat high-sucrose
chow results in improved insulin sensitivity and gluco-
se tolerance [13]. Although no direct association was
found between vaspin level and markers of insulin resis-
tance in all groups, decreased vaspin levels were evident
in the SSc group in our study.

Vaspin is likely to have anti-inflammatory action thro-
ugh its suppression of the production of TNF-ao and pro-
inflammatory adipokines [13]. In our study, although
decreased vaspin levels were apparent in the SSc group
and a relatively increased vaspin level was measured in
the SLE group, no association was apparent between se-
rum vaspin levels and disease activity indexes or seve-
rity scores in either the SSc or the SLE groups. Further
studies are needed for more precise elucidation of the
relationship of vaspin levels to SSc and SLE.

Subcutaneous adipose tissue atrophy is a characte-
ristic feature of human scleroderma [41]. Peroxisome
proliferator-activated receptor gamma (PPARYy) is a key
mediator of adipogenesis and application of its agonist,
rosiglitasone, protects against lipoatrophy and exerts an
anti-fibrotic effect [42]. In addition, in human studies,
treatments with PPARy agonists increase serum adipo-
nectin levels, possibly through regulation of adipogene-
sis [43]. Thus, the decreased adipocytokine levels detec-
ted in the SSc group in our study may be associated with
subcutaneous adipose tissue atrophy. These decreased
levels may also be a predictor of skin involvement in
scleroderma. Rooney and Ryan [44] have reported dec-
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reased adiponectin level in a patient with scleroderma-
tous chronic graft-versus-host disease, which imitates
features of SSc skin and is characterized by the atrophy
of subcutaneous fat tissue.

Adipokines have recently been implicated in insulin
resistance, atherogenesis, and inflammatory diseases;
thus, serum adiponectin and vaspin levels have been
promoted as possible markers of atherosclerotic events
[2,14]. In our study, the serum adiponectin level was po-
sitively related with markers of insulin resistance in SLE,
which contrasts with previous reports that reported ne-
gative correlations between serum adiponectin level and
the markers of atherosclerosis and insulin resistance
[2-4]. Behre [45] has speculated that adiponectin is a
protective defense protein in catabolism; therefore, high
adiponectin levels are observed in catabolic states such
as inflammatory diseases and starvation. Our results
support the idea [45] that insulin resistance is developed
in parallel with catabolic status issues that arise during
inflammatory disease, in order to minimize the anabolic
effects of insulin. Thus, correlation between adiponectin
and insulin resistance, reflecting catabolism, may impli-
cate adiponectin as a marker of catabolic statement [45].

The present study has some limitations. The numbers
of participants may be too small to reach more signi-
ficant associations. Our observations are based on
cross-sectional analysis, and repeated measurements
of adipokines over time could have provided additional
information. Another limitation was differences in the
mean ages among the study groups; SSc patients are of-
ten older than those with SLE. In addition, quantitation
of fat mass and the presence of carotid artery plaque
could have been evaluated. Although it is controversi-
al whether anti-rheumatic therapies affect the levels of
adipokines [46,47], insulin resistance [48], and atherosc-
lerosis, we could also have recorded the usage of anti-
rheumatic drugs.

In conclusion, SSc does not induce insulin resistance,
although it is associated with decreased adipokine levels.
On the other hand, SSc also accelerates the atheroscle-
rotic process. Decreased adipokine levels may be caused
by the atrophy of subcutaneous fat mass and may be in-
volved in the pathogenesis of SSc. Further studies are
needed to confirm whether the decrease in adiponectin
and vaspin levels is an etiology or a consequence of SSc.
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