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Plasma Levels of Fetuin-A,
Adipocyte Fatty Acid-Binding Protein and

8-Hydroxydeoxyguanosine
in Patients with Metabolic Syndrome

AABBSSTTRRAACCTT  OObbjjeeccttiivvee:: The aim of the present study was to investigate new markers for metabolic
syndrome. Fetuin-A is a physiological inhibitor of insulin receptor and is associated with insulin re-
sistance. Adipocyte fatty acid-binding protein regulates cellular lipid metabolism by carrying free
fatty acids to various intracellular compartments. Recently antioxidant and insulinotropic roles of
adipocyte fatty acid-binding protein were determined. 8-hydroxydeoxyguanosine is as a marker of
oxidative DNA damage. In the present study, plasma levels of fetuin A, adipocyte fatty acid-bind-
ing protein and 8-hydroxydeoxyguanosine were determined in cases with metabolic syndrome.
MMaatteerriiaall  aanndd  MMeetthhooddss::  A total of 60 cases with metabolic syndrome were included in the study. The
control group was constituted by age-matched 20 healthy volunteers. Fasting blood samples were
taken from cases, plasma levels of fetuin-A, adipocyte fatty acid-binding protein and 8-hydroxy-
deoxyguanosine were measured with competitive ELISA kits. RReessuullttss::  Plasma levels of 8- hydrox-
ydeoxyguanosine and adipocyte fatty acid-binding protein levels were found to be significantly
higher in the cases with metabolic syndrome in comparison to those in the control group. No sig-
nificant difference was determined between study groups for fetuin A level. CCoonncclluussiioonn::  Plasma
level of 8-hydroxydeoxyguanosine and adipocyte fatty acid-binding protein are at a high level in
cases with metabolic syndrome. High 8- hydroxydeoxyguanosine level may be considered as an ev-
idence for increased cancer risk in cases with metabolic syndrome. In addition, it was concluded that
high adipocyte fatty acid-binding protein level may be related with hyperinsulinemia. 

KKeeyy  WWoorrddss::  Insulin resistance; metabolic syndrome X; Ahsg protein, mouse; 
fatty acid-binding proteins; 8-hydroxy-2'-deoxyguanosine

ÖÖZZEETT  AAmmaaçç::  Bu çalışmada, metabolik sendrom için yeni belirteçler araştırmak amaçlanmıştır. Fe-
tuin-A insülin reseptörünün fizyolojik inhibitörüdür ve insülin direnci ile ilişkilidir. Adiposit yağ
asidi bağlayıcı protein serbest yağ asitlerini hücre içinde çeşitli kompartmanlara taşıyarak hücresel
lipid metabolizmasını düzenler. Son yıllarda adiposit yağ asidi bağlayıcı proteinin antioksidan ve in-
sülin salınımını uyarıcı etkileri olduğu belirlenmiştir. 8-hidroksideoksiguanozin, oksidatif DNA ha-
sarı belirtecidir. Bu çalışmada, metabolik sendromlu olgularda plazma fetuin-A, adiposit yağ asidi
bağlayıcı protein ve 8-hidroksideoksiguanozin düzeyleri belirlenmiştir. GGeerreeçç  vvee  YYöönntteemmlleerr:: Me-
tabolik sendrom tanısı almış 60 hasta çalışma kapsamına alındı. Kontrol grubu, aynı yaş grubundaki
20 sağlıklı gönüllüden oluşturuldu. Hastalardan ve kontrollerden açlık kan örnekleri alınarak plazma
fetuin-A, adiposit yağ asidi bağlayıcı protein ve 8-hidroksideoksiguanozin düzeyleri yarışmalı ELISA
kitleri ile ölçüldü. BBuullgguullaarr:: Plazma 8-hidroksideoksiguanozin ve adiposit yağ asidi bağlayıcı pro-
tein düzeyleri hasta grubunda kontrol grubuna göre anlamlı olarak yüksek bulundu. Fetuin-A dü-
zeyi bakımından çalışma grupları arasında anlamlı fark bulunmadı. SSoonnuuçç::  Metabolik sendromlu
olgularda plazma 8-hidroksideoksiguanozin ve adiposit yağ asidi bağlayıcı protein düzeyleri yük-
sektir. Yüksek 8-hidroksideoksiguanozin düzeyi metabolik sendrom vakalarında artmış olan kan-
ser riski için bir kanıt olarak dikkate alınabilir. Ayrıca, yüksek adiposit yağ asidi bağlayıcı protein
düzeyinin hiperinsülinemi ile ilişkili olabileceği sonucuna varıldı.

AAnnaahhttaarr  KKeelliimmeelleerr:: İnsülin direnci; metabolik sendrom X; Ahsg proteini, fare; 
yağ asidi-bağlayıcı proteinler; 8-hidroksi-2'-deoksiguanozin
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etuin-A (alpha2-Heremans-Schmid glyco-
protein) is a circulating multifunctional 
glycoprotein synthesized in liver. It is a cal-

cification inhibitor and a negative acute-phase pro-
tein.1,2 Fetuin-A is also physiological inhibitor of
insulin receptor tyrosine kinase and its incerased
levels are associated with insulin resistance in hu-
mans.3,4 On the other hand, systemic oxidative
stress is associated with insulin resistance.5,6 Ox-
idative stress is a state in which production of re-
active oxygen species (ROS) exceeds the capacity
of antioxidant systems in the body. Attacks of ROS
to DNA result in base oxidation. Major DNA oxi-
dation product is 8-hydroxydeoxyguanosine (8-
OHdG). 8-OHdG has a pro-mutagenic potential by
mispairing with A residues, leading to an increased
frequency of spontaneous G:C-T:A transversion. 8-
OHdG residues on DNA are excised by constitutive
enzymatic repair systems, appear in the blood, and
are subsequently excreted in the urine. 8-OHdG
level is a good biomarker for the measurement of
endogenous oxidative DNA damage.7

Adipocyte fatty acid-binding protein (FABP4)
is a member of the intracellular lipid-binding pro-
tein family and is predominantly expressed in adi-
pose tissue. It is also expressed in macrophages.
FABP4 regulates cellular lipid metabolism by car-
rying free fatty acids to various intracellular com-
partments, regulates expression of inflammatory
cytokines, and modulates gene expression.8 Re-
cently, antioxidant and insulinotropic roles of
FABP4 against ROS were revealed. FABP4 regu-
lates glucose metabolism and regulates hepatic glu-
cose production.9-11

Metabolic syndrome consists of a cluster of
metabolic disorders such as abdominal obesity, in-
sulin resistance, hypertension and hyperlipidemia.
Oxidative stress is a contributory factor in the de-
velopment of metabolic disorders. Increased oxida-
tive stress in obesity and its impacts on metabolic
syndrome have been well documented.12,13 Although
main functions of fetuin A and FABP4 are different,
both of them have important effects in glucose me-
tabolism, in addition both of them are related with
oxidative state. Beyond conventional serum mark-
ers for metabolic syndrome, discovery of new mark-

ers which can be easily regulated by therapeutic ap-
proaches may be helpful for prevention of metabolic
syndrome. The aim of the present study was to ex-
amine plasma levels of fetuin-A, FABP4 and 8-
OHdG in cases with metabolic syndrome, and their
relations with serum lipids, glucose, human serum
C-reactive protein (HsCRP) and insulin resistance. 

MATERIAL AND METHODS

Our study comprises 60 metabolic syndrome cases
diagnosed in the Istanbul University, Cerrahpasa
Medical Faculty Department of Cardiology. Cer-
rahpasa Medical Faculty Ethical Committee ap-
proval was taken in accordance with the principles
of Declaration of Helsinki and informed consent
was obtained from all subjects. Diagnosis criteria for
metabolic syndrome were presence of abdominal
obesity (waist circumference >102 cm for men and,
>88 cm for women), fasting glucose concentration
>100 mg/dl, blood pressure >130/80, high-density
lipoprotein (HDL) <40 mg/dl for men and <50 mg/dl
for women, and triglycerides >150 mg/dl. All cases
underwent a standard questionnaire and physical
examination. Cases with serious left ventricular hy-
pertrophy, unstable coronary syndromes, history of
acute coronary syndrom, decompanse heart failure,
pulmonary embolism, thyroid disorder, acute
and/or chronic inflammatory disease, renal disor-
der, infectious disease or those who were on drugs
due to disease were excluded from the study. A total
of 23 of the cases had been diagnosed with diabetes
mellitus previously, they were being treated with
metformin (850 mg/day) and glycemic control had
been achieved. Diabetic cases who were being
treated with insulin were excluded from the study.
A total of 20 of the cases were diagnosed with hy-
perlipidemia and they were treated with fluvastatin
(80 mg/day). A total of 20 of the cases were diag-
nosed with hypertension and they were used val-
sartan as angiotensin receptor blocker (ARB)
(80/160 mg/day). A total of 20 of the cases were di-
agnosed with hypertension and hyperlipidemia and
they were given both ARB and statin in the dosages
mentioned above. Standard physical examination,
electrocardiography, echocardiography, routine
biochemical measurements were done and serum
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levels of fetuin-A, FABP4 and 8-OHdG were meas-
ured in each patient. Insulin resistance was deter-
mined by homeostasis model assessment for insulin
resistance (HOMA-IR).12 It was calculated with this
equation: HOMA-IR= Fasting serum glucose
(mg/dl) x fasting insulin (µU/ml)/404. The control
group was constituted by age-matched 20 healthy
volunteers. None of the cases were currently
smoker, were taking antioxidant supplement and
any drug. Patient and control characteristics were
shown in the Table 1.

Blood samples were collected into EDTA con-
taining tubes, centrifuged at 1000 x g for 15 min,
and immediately stored at -70°C as aliquot. Plasma
levels of fetuin-A, FABP4 and 8-OHdG were meas-
ured with competitive ELISA kits from Assaypro,
BioVendor, and Northwest, respectively. Serum
levels of total cholesterol, HDL and low density
lipoprotein (LDL), triglycerides, glucose, insulin,
HsCRP were measured in routine analysis labora-
tory of the Cerrahpasa Medical Faculty Hospital.

STATISTICAL ANALYSIS

Characteristics and clinical data of the study groups
and measured 8-OHdG, fetuin-A and FABP4 levels
were given as median (min-max). Since data were

not normally distributed, statistical analysis was
performed by nonparametric tests. Data were ana-
lyzed by the Kruskall Wallis test. Mann-Whitney
test was used for multiple comparisons between the
groups. Sex variable was compared using the Chi-
square test. Correlations between variables were
examined by Spearman correlation coefficient. A
value of p<0.05 was considered significant. 

RESULTS

Serum levels of 8-OHdG (42 (7-83) ng/mL) and
FABP4 (19 (8-43) ng/mL) were significantly higher
in the cases with metabolic syndrome when com-
pared to that of the controls (17 (3-45) ng/mL and
11 (5-26) ng/ml), respectively) (p<0.001 for both)
but there was no significant difference for serum
level of fetuin-A (Figure 1). The metabolic syn-
drome group was divided into subgroups according
to aspects of disease. Group 1: hypertension and
hyperlipidemia were present (n=20); Group 2: hy-
perlipidemia was present (n=20); Group 3: hyper-
tension was present. Although fetuin-A level in the
metabolic syndrome group was not significantly dif-
ferent from that of the control group, fetuin-A level
in the cases with hypertension and hyperlipidemia
(Group 1) was higher than those in the control
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Patient Group (n=60) Control Group (n=20)

Gender

Female 40 13

Male 20 7

Age (year) 54 (44-67) 52 (40-59) 

BMI (kg/m2) 30 (25-49)* 24 (21-30) 

Waist circumference (cm) 97 (87-123)* 86 (82-95) 

Fasting glucose (mg/dl) 122 (88-204)* 74 (66-100)

Serum insulin (µU/ml) 15 (7-56)* 4 (2-6)

HOMA 4 (12-19)* 1.0 (0.7-1.3)

HsCRP (mg/L) 5 (2-15)* 2 (1-3)

Total cholesterol (mg/dl) 236 (130-329)* 162 (143-183)

HDL (mg/dl) 35 (23-60)* 47 (38-66)

LDL (mg/dl) 148 (78-215)* 99 (82-122)

Triglyceride (mg/dl) 182 (55-792)* 103 (75-136) 

Sys. blood pressure (mmHg) 150 (110-220)* 118 (92-139) 

Dias. blood pressure (mmHg) 80 (60-110)* 75 (71-84)

TABLE 1: Characteristics and clinical data of the study groups.

* p<0.001 versus control group.



group (p=0.010) and also higher than those in the
cases with hypertension and subjects with hyper-
lipidemia (p=0.006 and p=0.008, respectively) (Table
2). Plasma level of 8-OHdG was higher in the cases
with hypertension (Group 3) compared to those in
both cases with hyperlipidemia (Group 2) and cases
with hypertension and hyperlipidemia (Group 1)
(p<0.001 for both), but no significant difference was
determined for serum level of FABP4 between the
subgroups (Table 2). Relations between serum
lipids, glucose, HsCRP, insulin resistance, body
mass index (BMI) and measured parameters were
evaluated and following correlations were found in
the metabolic syndrome group: 8-OHdG-fetuin-A
(r==-0.492; p=0.004); 8-OHdG-insulin (r==-0.448;
p=0.004); 8-OHdG-HDL (r==0.416; p=0.005); 8-
OHdG-triglyceride (r==-0.288; p=0.036); 8-OHdG-
HOMA-IR (r==-0.480; p=0.005); 8-OHdG-HsCRP
(r==-0.370; p=0.004); fetuin A-systolic blood pressure
(r==0.492; p=0.003); fetuin A-diastolic blood pressure
(r==0.337; p=0.007); fetuin-A-insulin, (r==0.570;
p=0.010); fetuin-A-fasting blood glucose, (r==0.272;
p=0.047); fetuin-A-total cholesterol, (r==0.333;

p=0.008); fetuin-A-LDL, (r==0.263; p=0.050); fetuin-
A-triglyceride, (r==0.290; p=0.050); fetuin-A-HOMA
IR, (r==0.591; p=0.003); fetuin-A-HsCRP, (r==0.422;
p=0.005); FABP4-diastolic blood pressure (r==-0.225;
p=0.050). 

DISCUSSION
Systemic oxidative stress is associated with insulin
resistance, visceral fat accumulation, and metabolic
syndrome.6,14 A membrane-bound NADH/NADPH
oxidase is a major contributor of oxidative stress
that is associated with these pathologies. In insulin-
sensitive cells, upon insulin binding, ROS are pro-
duced by NADH/NADPH oxidase and relieve
negative inhibition of the insulin signaling cascade
by oxidizing negative regulators of the pathway.
Thus ROS facilitate the transduction of the insulin
signalling.15 On the other hand, NADH/ NADPH
oxidase can also generate ROS upon activation by
proinflammatory cytokines and saturated fatty
acids that interact with the toll-like receptor, both
implicated in insulin resistance-associated condi-
tions in adipocytes.16 In addition, angiotensin II
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FIGURE 1: 8-hydroxydeoxyguanosine (8-OHdG) A), fetuin-A B) and Adipocyte fatty acid-binding protein (FABP4) C) levels in the study groups.

A B C

8-OHdG (ng/mL) Fetuin A (µg/ml) FABP4 (ng/ml)

Patients with hyperlipidemia (n=20) 44 (10-75) 9 (6-19b 20 (8-38)

Patients with hypertension (n=20) 56 (29-83)* 8 (6-16) 20 (10-43)

Patients with hyperlipidemia and hypertension (n=20) 31 (7-60) 19 (7-28)** 18 (11-21)

Controls (n=20) 17 (3-45) 16 (1-20) 11 (5-26)

TABLE 2: 8-OHdG, fetuin A and FABP4 levels in the patients with different aspects of metabolic syndrome.

* p<0.001 versus patients with hyperlipidemia, and versus patients with hyperlipidemia and hypertension; ** p<0.01 versus controls, versus patients with hyperlipidemia, and versus

patients with hypertension.



which is a modulator of arterial blood pressure is a
potent stimulator of both inflammation and oxida-
tive stress via NADH/ NADPH oxidase.17

In a genetic rat model of metabolic syn-
drome, serum level of 8-OHdG was found to be
gradually increased with the development of
metabolic syndrome-like aspects in rats, which
display abdominal obesity, hypertension, hyper-
glycemia, insulin-resistance, and hyperlipidemia.18

Although various oxidative stress markers have
been investigated19,20, data demonstrating serum
level of 8-OHdG in cases with metabolic syndrome
are limited. Tokuda et al.21 have reported that
neither plasma nor urine 8-OHdG level was sig-
nificantly different in patients with metabolic syn-
drome versus controls. In the present study, plasma
level of 8-OHdG was found to be increased in the
cases with metabolic syndrome, particularly in the
cases with hypertension. Because of its mutagenic
potential, 8-OHdG has been used in many studies
not only as a biomarker for the measurement of en-
dogenous oxidative DNA damage but also as a risk
factor for cancer.22 There is a considerable amount
of evidence to indicate important role of metabolic
syndrome in the etiology and progression of cer-
tain types of cancer. The association of metabolic
syndrome with liver, pancreatic, gastric, colorec-
tal, bladder, prostate, endometrial, cervical, and
breast cancer have been reported.23-25 In the present
study, increased 8-OHdG level in the cases with
metabolic syndrome may indicate the link between
metabolic syndrome and cancer.

Animal studies showed that fetuin-A at a high
concentration in serum inhibits insulin receptor ty-
rosine kinase activity.26,27 In human studies higher
fetuin-A levels were determined to be associated
with insulin resistance28,29 fatty liver,30,31 and it was
suggested as an independent risk factor for type 2
diabetes.4,32,33 Serum fetuin-A was found to be in-
dependently associated with metabolic syndrome
components including central obesity, high blood
pressure, high blood glucose and high triglycerides
by Xu et al.34 Obese children with metabolic syn-
drome were shown to have a higher fetuin-A con-
centrations than obese children without metabolic
syndrome and healthy controls.35 Recently, higher

fetuin-A level were determined to be associated
with coexistence of elevated alanine aminotrans-
ferase and the metabolic syndrome in the general
population.36 In the present study, in contrast to
previous studies, no significant difference was de-
termined between study groups for serum level of
fetuin-A. A limitation of this study was limited
number of cases of the control group. The imbal-
ance between case numbers of the study groups
could have a negative impact on the statistical eval-
uation. However, fetuin-A level in the metabolic
syndrome cases with hypertension and hyperlipi-
demia (Group 1) was higher than those in the con-
trols. This gives rise to thought that togetherness
of hypertension and hyperlipidemia is related to in-
creased fetuin-A level. In agreement with this in-
terpretation, serum fetuin-A level was found to be
moderately correlated with blood pressure and
slightly correlated with serum lipids. As inter-
preted by Ix et al.,29 inhibition of the insulin re-
ceptor by fetuin-A may lead to increased lipolysis
and efflux of free fatty acids from adipose tissue.
This may, in turn, lead to increased production of
very-low-density lipoprotein and finally increased
serum lipids. Previous studies suggest that fetuin-
A is a negative acute-phase reactant and its level
falls during inflammation.2 However some inves-
tigators have opposed this suggestion.33 Inflam-
mation was assessed by elevated HsCRP
measurements in the present study. On the con-
trary to Ombrellino et al.2 but in agreement with Ix
et al.29 and Hennige et al.,33 we determined a posi-
tive correlation between serum levels of fetuin-A
and HsCRP in the metabolic syndrome group. 

Although FABP4 is a cytoplasmic protein, a
significant portion of this protein is released from
adipocytes and macrophages into blood. Xu et al.37

have suggested that FABP4 is a circulating bio-
marker closely associated with obesity and compo-
nents of the metabolic syndrome. Cohort studies
showed that baseline serum FABP4 level is predic-
tive for development of diabetes mellitus38 and
metabolic syndrome.39 Recently, antioxidant9 and
insulinotropic10 roles of FABP4 were shown. Ox-
idative stress was found to be increased in 3T3-L1
adipocytes in which FABP4 gene is silenced; using
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the recombinant FABP4 it was shown that FABP4
itself functions as a ROS scavenger protein9. How-
ever, mechanism of its antioxidant effect has not
been revealed yet. FABP4 potentiates hepatic glu-
cose production and insulin secretion.10,11 Lindsay
et al.10 recently demonstrated that in the presence
of linoleate, FABP4 potentiates glucose-stimulated
insulin secretion from β-cells in vitro and in vivo;
and circulating FABP4 concentrations correlated
with glucose-stimulated insulin secretion. In ac-
cordance with a previous study,40 we determined
high plasma level of FABP4 in the cases with meta-
bolic syndrome. Insulin level and HOMA-IR were
higher in the metabolic syndrome group in com-
parison to those in the control group. Hyperinsu-
linemia may be a result of high FABP4 level in
these patients. 

CONCLUSION

Our results show that plasma levels of 8-OHdG and
FABP4 are at a high level in cases with metabolic
syndrome. Because of its mutagenic property in-
creased 8-OHdG level may be an evidence for in-
creased cancer risk in these subjects. High FABP4
level may be related with high insulin level and in-
sulin resistance . However, this was a preliminary
study with limited number of cases of the control
group. Further large scale studies are needed to
confirm our findings and to elucidate underlying
mechanisms.
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