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Abstract: This study was set out to determine the association of serum adiponectin and oxidative stress in newly di-
agnosed type 2 diabetes patients. 106 patients with newly diagnosed type 2 diabetes were recruited. Simultaneously
scanning of the extracranial carotid arteries, common iliac arteries and femoral arteries were performed for mea-
surement of intima media thickness (IMT) in all subjects. Atherosclerotic plaque was defined as IMT value >1.3
mm. The serum levels of adiponectin and 8-iso-prostaglandin F2«a (8-iso-PGF, ), a marker of oxidative stress, were
examined by enzyme-linked immunosorbent assay. Metabolic parameters were detected by clinical chemistry.
According to the results, all of 106 patients with type 2 diabetes were newly diagnosed within 12 months, and
aged 60.68+4.32 years. The level of serum adiponectin in newly diagnosed type 2 diabetes patients was lower
than that in healthy subjects. Furthermore, type 2 diabetes patients with atherosclerotic plaques had lower serum
adiponectin level than those without atherosclerotic plaques. Serum 8-iso-PGF2‘x level in newly diagnosed type 2
diabetes patients was higher than that in healthy subjects. Further analyses showed that serum adiponectin level
was reversely associated with serum 8-iso-PGF,,_ in newly diagnosed type 2 diabetes patients. Additionally, the ath-
erosclerotic plaques in newly diagnosed type 2 diabetes patients were positively correlated with total cholesterol,
but negatively correlated with serum adiponectin level. Taken together, this study suggests that in newly diagnosed
type 2 diabetes, serum adiponectin levels are probably associated with oxidative stress and also with the severity
of atherosclerosis.
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Introduction diovascular diseases [1-8]. In the patients with
coronary artery disease (CAD), plasma adipo-
nectin was significantly lower than that in the
controls. Another study found that in male
patients, adiponectin levels were even lower in
those with both CAD and type 2 diabetes than

in those with type 2 diabetes alone [9].

It is well known that adipose tissue is a site of
excess energy storage. Since the discovery of
the first adipokines, leptin, in 1994, adipose
tissue has been granted many vital roles for the
host, making it an endocrine organ in its own
right. These adipokines include hormones such
as leptin, adiponectin, resistin, visfatin, omen-
tin, as well as inflammatory cytokines, including
tumor necrosis factor alpha (TNF-a), monocyte
chemoattractant protein-1 (MCP-1) and plas-
minogen activator protein (PAl). Multiple roles
in metabolic and inflammatory responses have

In recent years, many evidences showed that
increased oxidative stress was consistently
associated with diabetes mellitus and CAD [10-
12]. Hyperglycemia could result in the forma-
tion of advanced glycosylation end-products

been assigned to adipokines.

Adiponectin was mainly expressed and secret-
ed in adipose tissue. Observations showed that
hypoadiponectinemia was closely associated
with type 2 diabetes and atherosclerotic car-

(AGEs) which further increased reactive oxygen
species (ROS) production. Low density lipopro-
tein (LDL) was an important target of oxidation,
and oxidative modification of LDL (Ox-LDL) was
a key step in the pathogenesis of atheroscle-
rosis.
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Table 1. Characteristics of the subjects recruited

arteries were performed at

the longitudinal projections

Healthy  Type 2 diabetes Type 2 diabetes )

subjects  without plaques  with plaques and at the transverse projec-
Number of subjects 52 55 51 tion for njeasulrement of inti-
A 55.647.6 55.818.9 56.415.4 ma media thickness (IMT).
ge (yrs.) e B T Each arteries wall was
Men/women 31/21 31/24 30/21 explored to identify the thick-
Body height (cm) 165.9+7.0 166.7+7.9 167.2+8.8 est intima-medial site. IMT
Waist circumference (cm) 82.9+12.3 92.8+8.7 94.1+10.4 was measured as the dis-
Hip circumference (cm) 95.3+6.5 103.84+6.8" 104.1+8.4* tance between the intima-
WHR 0.93+0.13  0.90+0.06 0.90+0.07 lumen interface and the
WHIR 0.54+0.08  0.56+0.05 0.56+0.05 ”;edéa‘adée”_t't'a '”t‘i:ace on
Body weight (kg) 65.1+10.7  743+11.4"  73.2¢14.1" the B-mode image. The pres-
BMI (kg/m?) 23.63+3.41 26.66+3.15" 26.01+3.36" ence of atherosclerotic plaque

DO RO DS was defined as IMT value >1.3
SBP (mmHg) 122+15 135+17F 138+21" mm as measured from the
DBP (mmHg) 78+13 838" 81+10 media-adventitia interface to

WHR: waist hip ratio; WHtR: waist to height ratio; BMI: body mass index; SBP: sys-
tolic blood pressure; DBP: diastolic blood pressure. *P<0.05 vs. healthy subjects.

However, the exact relationship between adipo-
nectin and oxidative stress was still far from
clear, although previous studies have indicated
that both of them were associated with type 2
diabetes and atherosclerotic cardiovascular
diseases. Herein, this work was carried out in
newly diagnosed type 2 diabetes patients with
atherosclerosis, with the efforts to further elu-
cidate the potential association between serum
adiponectin and oxidative stress levels.

Material and methods
Subjects

106 newly diagnosed type 2 diabetes patients
within 12 months (61 men and 45 women, age
ranging from 44 to 77 years) were recruited
from outpatients of Qilu Hospital, Shandong
University between December 2010 and July
2011. The diagnosis of type 2 diabetes was
made according to the 1999 criteria of the
World Health Organization. Approval of the
Institutional Ethics Committee was obtained for
the study and written informed consent was
obtained from all study subjects.

Ultrasonographic measurement

Ultrasonographic images were acquired using
high resolution B-mode ultrasound (Philips
IU22, CA, USA). All measurements were taken
by the same trained ultrasonographer. Simul-
taneously scanning of the extracranial carotid
arteries, common iliac arteries and femoral
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the intima-lumen interface in
carotid artery, common iliac
artery or femoral artery.

Clinical chemistry

Blood sample was drawn in a fasting state
under standardized conditions and stored at
-80°C until analysis. Serum adiponectin was
measured in duplications by an enzyme-linked
immunosorbent assay (ELISA) kit (AdipoBiotech,
Beijing, China) according to the manufacturer’s
protocol. The intra- and inter- assay variations
were 5% and 10%, respectively. Serum 8-iso-
PGF,, was also measured in duplications by
ELISA according to the manufacturer’'s proto-
col. Fasting blood glucose (FBG) was measured
by a glucose oxidize method (Hoffmann-La
Roche Ltd, Shanghai, China). Triglyceride (TG),
total cholesterol (TC), high density lipoprotein
cholesterol (HDL-c) and LDL-c were quantified
by standard laboratory methods (Hoffmann-La
Roche Ltd, Shanghai, China). Glycosylated
hemoglobin Alc (HbAlc) was determined by
high-performance liquid chromatography on a
Variant Il device (Bio-Rad Laboratories, CA,
USA).

Statistical analyses

Statistical analyses were performed using the
Statistical Software Package for the social
sciences (SPSS version 18, IL, USA). Data
were presented as mean + SEM. Comparison
between three sets of patients was tested by
one-way ANOVA. The association between
parameters was analyzed by Pearson correla-
tion coefficients or multiple regression analy-
sis. Statistical significance was set at P<0.05.
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Table 2. Metabolic parameters

Healthy subjects Type 2 diabetes without plaques Type 2 diabetes with plaques

Number of subjects 52
FBG (mmol/L) 5.031£0.49
TC (mmol/L) 4.30+0.69
TG (mmol/L) 0.98+0.33
HDL-c (mmol/L) 1.40+0.27
LDL-c (mmol/L) 2.50+0.54
HbA1c (%) 5.1+0.4

10.29+2.93
175.66+97.43

Serum adiponectin (ug/ml)
Serum 8-iso-PGF, (pg/ml)

349.91+111.15"

55 51
8.65+2.37" 7.64+£1.95™1
5.22+0.91" 5.77+£1.10"1
1.71+0.78" 1.870.77"
1.1940.33" 1.154+0.32"
3.39+0.64" 3.73+0.81"

8.2+1.5" 8.1+1.4"
6.53+3.05" 4.71+2.461

346.93+£107.21"

FBG: fasting blood glucose; TC: total cholesterol; TG: triglycerides; HDL-c: high density lipoprotein cholesterol; LDL-c: low density
lipoprotein cholesterol. “P<0.05 vs. healthy subjects. TP <0.05 vs. type 2 diabetes without plaques.

Table 3. Correlations between adiponec-
tin and other variables in type 2 diabetes
patients

r P
Sex 0.134 0.172
Age -0.087 0.376
8-is0-PGF,, -0.269 0.005
Body height 0.049 0.619
Body weight 0.117 0.232
BMI 0.128 0.191
Waist circumference 0.159 0.103
Hip circumference 0.070 0.476
WHtR 0.150 0.125
WHR 0.150 0.125
FBG 0.215 0.027
SBP -0.100 0.308
DBP -0.027 0.787
TC -0.115 0.242
TG -0.053 0.591
HDL-c 0.208 0.032
LDL-c -0.148 0.131
HbAlc 0.004 0.966

BMI: body mass index; WHtR: waist to height ratio; WHR:
waist hip ratio; FBG: fasting blood glucose; SBP: systolic
blood pressure; DBP: diastolic blood pressure; TC: total
cholesterol; TG: triglycerides; HDL-c: high density lipopro-
tein cholesterol; LDL-c: low density lipoprotein choles-
terol; HbAlc: glycosylated hemoglobin Alc.

Results
Subject characteristics

A total of 158 cases including 55 newly diag-
nosed type 2 diabetes patients without athero-
sclerotic plaques, 51 newly diagnosed type 2
diabetes patients with atherosclerotic plaques,
and 52 healthy subjects were investigated.
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Characteristics of the subjects were presented
in Table 1. No differences existed in age and
sex among these groups (P>0.05). Compared
with healthy controls, significant differences in
hip circumference, body weight, body mass
index (BMI) and systolic blood pressure (SBP)
were observed in newly diagnosed type 2 dia-
betes patients (P<0.05), regardless of the pres-
ence of plaque or not. Moreover, newly diag-
nosed type 2 diabetes patients without plaques
showed higher diastolic blood pressure (DBP)
than healthy subjects (P<0.05). Within newly
diagnosed type 2 diabetes patients, no statisti-
cal differences were found between those with
and without plaques (P>0.05), in terms of the
aforementioned parameters.

Metabolic parameters

Metabolic parameters of all subjects were
presented in Table 2. Compared with healthy
subjects, FBG, TC, TG, LDL-c, HbAlc and serum
8-iso-PGF, were higher in newly diagnosed
type 2 diabetes patients (P<0.05), but HDL-c
and serum adiponectin concentrations in newly
diagnosed type 2 diabetes patients were lower
(P<0.05). Higher FBG and TC levels and lower
serum adiponectin levels were observed in
newly diagnosed type 2 diabetes patients with
plagues when compared with those without
plaques (P<0.05), but TG, HDL-c, LDL-c, HbA1c
and serum 8-iso-PGF, levels were similar in
this two groups (P>0.05).

Correlation analysis and multiple linear regres-
sion analysis

Serum adiponectin level was negatively corre-
lated with 8-iso-PGF, (r=-0.269, P=0.005)
and positively correlated with FBG (r=0.215,
P=0.027) and HDL-c (r=0.208, P=0.032) in
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Figure 1. Correlation between adiponectin and other
variables. Serum adiponectin level was negatively
correlated with 8-iso-PGF2a (A) and positively corre-
lated with FBG (B) and HDL-c (C) in type 2 diabetes
patients.

newly diagnosed type 2 diabetes patients
(Table 3; Figure 1). In multiple regression analy-
sis using adiponectin as a dependent variable,
atherosclerotic plaques were selected as an
independent variable in newly diagnosed type
2 diabetes patients. We then examined the
relationship between atherosclerotic plaques
and serum adiponectin level. After adjusting for
age, sex, BMI, waist hip ratio (WHR), HbAlc and
TC, serum adiponectin level was independently
correlated with atherosclerotic plaques in

6088

Table 4. Multiple regression analysis athero-
sclerotic plaques in type 2 diabetes patients

Independent variable Odds ratio P

Age 0.020 0.968
Sex 0.060 0.807
BMI 0.006 0.937
WHR 3.065 0.008
HbAlc 0.133 0.715
TC 1.661 0.017
Adiponectin 0.790 0.004

BMI: body mass index; WHR: waist hip ratio; HbAlc:
glycosylated hemoglobin Alc; TC: total cholesterol.

newly diagnosed type 2 diabetes patients
(Table 4).

Discussion

In our pervious study, a total of 538 newly diag-
nosed type 2 diabetes patients less than 12
months were followed up by vascular ultra-
sound examination. IMT value >1.3 mm mea-
sured in carotid artery, common iliac artery or
femoral artery was defined as atherosclerotic
plague. 21% newly diagnosed type 2 diabetes
patients were confirmed with the presence of
atherosclerotic plaque. These results indicated
that many of type 2 diabetes patients already
had combined atherosclerosis even at the early
stage. In addition, if single carotid ultrasonog-
raphy was selected, only 15% newly diagnosed
type 2 diabetes patients were identified with
atherosclerotic plaque, leading to the misdiag-
nosis rate of 28.6% (data not shown). Therefore,
our results suggested that ultrasonographic
measurement of IMT in multiple arteries could
greatly contribute to the improvement in the
diagnosis rate of atherosclerotic plaque in
newly diagnosed type 2 diabetes patients.

In this study, all of 106 type 2 diabetes patients
were newly diagnosed within 12 months. We
showed that serum adiponectin level in newly
diagnosed type 2 diabetes patients was lower
than that in healthy subjects, and newly diag-
nosed type 2 diabetes patients with atheroscle-
rotic plagues had even lower serum adiponec-
tin level than that single type 2 diabetes.
Moreover, the atherosclerotic plaques in newly
diagnosed type 2 diabetes patients were posi-
tively correlated with WHR and TC, and nega-
tively correlated with serum adiponectin level.
Previous studies also indicated that low serum
adiponectin level was correlated with athero-
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sclerosis. In a 5-year prospective study, the
relationship between serum adiponectin and
carotid intima media thickness (CIMT), a mark-
er of subclinical atherosclerosis, was exam-
ined. This study showed that hypoadiponec-
tinemia could predict CIMT progression, inde-
pendent of known predictive factors such as
age, smoking, hyperlipidemia and hypertension
[13]. Therefore, a lower level of adiponectin
might be a significant risk factor for the devel-
opment of cardiovascular events in type 2 dia-
betes patients.

Numerous studies indicated that diabetes
patients tended to have more oxidative internal
environments than normal controls. From these
studies, it was clear that diabetes patients
showed an increase in ROS generation and
oxidative stress markers, with an accompany-
ing decrease in antioxidative levels [14-16].
F,-isoprostanes are isomers of prostaglandin
F,, that are produced non-enzymatically by the
action of free radicals on arachidonic acid. One
F,-isoprostane established to exhibit potent
biological activity is 8-isoprostane, convention-
ally referred to as 8-iso-PGF, was a reliable
and clinically relevant marker of oxidative
stress [17-19]. In our study, serum 8-iso-PGF,,
level in newly diagnosed type 2 diabetes
patients was higher than that in healthy sub-
jects. This result indicated that oxidative stress
existed in newly diagnosed type 2 diabetes
patients. Further analyses showed that serum
adiponectin level was negatively related to
serum 8-iso-PGF,_level in newly diagnosed
type 2 diabetes patients. The reverse relation
between adiponectin and oxidative stress has
also been observed in some other studies [20-
22]. In vitro, some studies have shown that oxi-
dative stress suppressed adiponectin produc-
tion. After exposing to H,0, for 10 min, as well
as exposing to 5-25 mU/ml glucose oxidase for
18 h, adiponectin mRNA level was decreased in
3T3-L1 adipocytes [10]. Adiponectin is mainly
synthesized by adipose tissue. Therefore, the
oxidative stress in adipose tissue might be
responsible for the metabolic changes of adipo-
nectin. On the other hand, adiponectin sup-
pressed the harmful effects of oxidative stress.
In @ myocardial infarction model, adiponectin
inhibited oxidative/nitrative stress during myo-
cardial ischemia via PKA-dependent NF-kB inhi-
bition [23]. These findings suggest a close
association between adiponectin and oxidative
stress.
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In summary, our results indicated that per-
formed ultrasonographic measurement of IMT
in multiple arteries could contribute to the
improvement in the diagnosis rate of athero-
sclerotic plaque in newly diagnosed type 2 dia-
betes patients. Decreased circulating adipo-
nectin level is associated with oxidative stress
and the development of atherosclerosis in
newly diagnosed type 2 diabetes patients.
However, more detailed studies are needed to
better understand the relationship among
hypoadiponectinemia, oxidative stress and ath-
erosclerosis in type 2 diabetes.
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