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Abstract. Fetuin-A, which is known to inhibit insulin 
signaling and pathological calcification, has emerged as a 
diabetes risk biomarker. In the present study, the association 
between the fetuin-A levels with insulin resistance (IR) and 
carotid intima-media thickness (CIMT) was investigated in 
patients with new-onset type 2 diabetes mellitus (nT2DM). 
A total of 100 patients with nT2DM (nT2DM group) and 
100 normal glucose tolerance (NGT group) controls were 
evaluated. The serum fetuin-A level was measured by a 
commercial solid-phase ELISA kit. The estimate of IR was 
calculated by homeostasis model assessment (HOMA-IR). 
CIMT was measured by B-mode ultrasound. The association 
between the serum fetuin-A levels and the metabolic param-
eters was also analyzed. The serum fetuin-A levels were 
increased significantly in the nT2DM group compared to the 
NGT group (368.5±15.6 mg/ml vs. 152.7±7.1 mg/ml, P<0.01). 
Fetuin-A was positively correlated with HOMA-IR, CIMT, 
glycated hemoglobin, triglyceride, low-density lipoprotein 
cholesterol, body mass index, systolic blood pressure, fasting 
blood glucose and 2 h post-glucose load blood glucose (P<0.05 
and P<0.01), but negatively correlated with fasting plasma 
insulin, 2 h plasma insulin after glucose overload, high-density 
lipoprotein cholesterol and HOMA-β-cell insulin secretion 
index (P<0.05 and P<0.01). To the best of our knowledge, the 
study demonstrated for the first time that there is a significant 
association between the serum fetuin-A levels with IR and 
CIMT in nT2DM. These results indicate that serum fetuin-A 

levels can be used as independent markers in the diagnosis of 
macroangiopathies in nT2DM.

Introduction

Atherosclerosis (AS) is the main pathological feature of type 2 
diabetic macrovascular complications and is also the leading 
cause of mortality in these patients. The risk of AS patients 
with type 2 diabetes (T2DM) is higher compared to those with 
normal glucose tolerance (1). Patients with new-onset type 2 
diabetes mellitus (nT2DM) do not have typical clinical mani-
festations (2), and certain patients have almost no symptoms. 
High blood sugar is the only indicator of nT2DM. Therefore, 
early detection in high-risk groups can take effective preven-
tive measures in reducing cardiovascular mortality in patients 
with T2DM.

AS mainly affects the medium-sized and large arteries 
of the heart, brain, kidney, peripheral artery and other large 
vessels. AS is characterized by plaque deposits that block the 
flow of blood. An early sign of lesions are increases in the 
intima-media thickness (IMT) of the arterial wall. A previous 
study showed that the carotid artery IMT (CIMT) can be as 
a surrogate marker of coronary artery disease in diabetes (3). 
Therefore, it has significance for early detection and interven-
tion of carotid artery disease in diabetic patients and allows 
timely treatment for the prevention of diabetic vascular 
complications.

Insulin resistance (IR) is one of the key pathophysiological 
mechanisms of T2DM, which may contribute to the develop-
ment of T2DM and T2DM-associated complications. IR is 
also considered to be the common cause of dyslipidemia and 
hypertensive diseases (4).

Fetuin-A, which is a glycoprotein secreted by the liver, has 
emerged as a biomarker for risk of T2DM (5-10). High circu-
lating fetuin-A levels appear to be associated with IR (11). A 
previous study has shown that fetuin-A induces IR by inhib-
iting insulin receptor autophosphorylation (12). Additionally, 
enhanced insulin sensitivity was observed in mice null for 
the fetuin gene (13). Also, fetuin-A has been shown to inhibit 
ectopic calcium deposition and protect from vascular calcifi-
cation (14). However, contradictory results have been reported 
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regarding the role of novel biomarker fetuin-A in macroangi-
opathies in T2DM (15,16).

Additionally, to the best of our knowledge, there is no data 
available for the associations of fetuin-A with IR and CIMT 
in nT2DM. Thus, in the present study, the serum fetuin-A 
levels were investigated in patients with nT2DM to analyze 
the association of serum fetuin-A levels with IR and CIMT in 
patients with nT2DM.

Materials and methods

Patients. A total of 100 patients with nT2DM (nT2DM group) 
and 100 normal glucose tolerance (NGT group) controls 
were evaluated in the study. The subjects were recruited 
from the Departments of Endocrinology and Metabolism 
of First Affiliated Hospital of Shihezi University School 
of Medicine(Shihezi, Xinjiang, China) between 2012 and 
2013. The diagnostic criteria of T2DM was based on a 75 g 
oral glucose tolerance test (OGTT) recommended by the 
World Health Organization criteria (17). nT2DM was defined 
prospectively as ≥2 post-baseline fasting blood glucose (FBG) 
measurements ≥7.0 mmol/l (126 mg/dl) and ≥1 post-baseline 
glucose >2 mmol/l (36 mg/dl) above baseline (18). The 
study was performed on 100 nT2DM patients (54 males and 
46 females; mean age, 55.11±12.84 years). The NGT group, 
age and body mass index (BMI) matched with nT2DM group 
(44 males and 56 females; mean age, 52.39±13.79 years). The 
exclusion criteria comprised of patients who had renal dysfunc-
tion, severe cardiac problems, uncontrolled hypertension or 
type 1 diabetes. The study was approved by the Institutional 
Ethics Committee at the First Affiliated Hospital of Shihezi 
University School of Medicine and conducted in accordance 
with the Ethical Guidelines of the Declaration of Helsinki. 
Written informed consent was obtained from all the patients 
and healthy controls prior to commencing the study.

Blood sampling. The blood samples were drawn from the ante-
cubital vein between 09:30-10:00 am after >8 h of overnight 
fasting at the time of OGTT. The blood tubes were centrifuged 
for 10 min at 1,500 x g after clotting for 30 min at room 
temperature. The serum samples were subsequently stored at 
‑80˚C until further analysis of insulin and fetuin‑A levels.

Clinical data. Gender, age, height, body weight, systolic and 
diastolic pressures of the patients were recorded, and the BMI, 
homeostatic model assessment index of IR (HOMA-IR) and 
HOMA-β-cell insulin secretion index (HOMA-IS) =20 x fasting 
plasma insulin (FINS)/(FBG - 3.5) (19) were calculated in all 
the subjects.

Measurement of serum fetuin‑A levels. The serum fetuin-A 
levels were measured with a commercially available ELISA 
kit (R&D Systems, Minneapolis, MN, USA).

Measurement of CIMT. The subjects underwent a Doppler 
Ultrasound system (iE33; Philips Healthcare, Andover, MA, 
USA) with a 3-11 MHz linear-array transducer. The methods 
for CIMT measurement have been described in detail previ-
ously (20). The CIMT measurement was made by the same 
experienced ultrasonic investigator in every case.

Statistical analysis. All statistical analyses were performed 
using the SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). 
All the data were expressed as mean ± standard deviation. The 
differences between the groups were assessed by Student's 
unpaired t-test, Mann-Whitney U test or χ2 test as appropriate. 
Pearson correlation test was performed to determine the asso-
ciations of serum fetuin-A levels with other study variables. 
Variables with a non-Gaussian distribution were logarithmi-
cally transformed prior to statistical analysis. All P-values 
presented are two-tailed. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Clinical characteristics and serum fetuin‑A levels. The clinical 
characteristics of the two groups showed significant differ-
ence in FBG, 2 h post-glucose load blood glucose (2hOGTT), 
FINS, 2 h plasma insulin after glucose overload (PINS), total 

Table I. Characteristics of the study subjects and fetuin-A levels.

Characteristic nT2DM NGT

Gender, male/female 54/46 44/56
Age, years 55.11±12.84 52.39±13.79
WHR 0.94±0.59 0.91±0.04
BMI, kg/m2 25.32±5.97 24.38±2.19
SBP, mmHg 134.07±15.02 137.39±11.68
DBP, mmHg 77.00±8.96 81.39±8.13
FPG, mmol/l 8.52±3.10 4.85±0.48a

2hOGTT, mmol/l 11.64±4.28 5.13±0.48a

PINS, pmol/l 40.65±27.02 69.68±28.87a

FINS, pmol/l 21.12±4.52 35.51±3.65a

TC, mmol/l 4.92±0.92 4.43±0.94a

TG, mmol/l 2.12±1.81 1.39±0.83a

LDL-C, mmol/l 3.00±0.83 2.62±0.72a

HDL-C, mmol/l 1.14±0.28 1.29±0.33a

HOMA-IRc 1.61±0.79 0.65±0.05a

HOMA-IS 18.49±1.72 9.93±1.76b

HbA1c, % 8.78±1.80 5.20±0.05a

Hs-CRP, mg/l 38.5±10.3 23.8±16.5
CIMT , mmc 0.26 ± 0.21 0.13±0.08a

Fetuin-A, mg/ml 368.5±15.6 152.7±7.1b

aP<0.001 and bP<0.01 compared to the NGT group; cData with 
a non-Gaussian distribution that were transformed by natural 
logarithmic before analysis. Data are presented as mean ± standard 
deviation. nT2DM, new-onset type 2 diabetes; NGT, normal glucose 
tolerance; WHR, waist-to-hip ratio; BMI, body mass index; SBP, 
systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting 
plasma glucose; 2hOGTT, 2 h post-glucose load blood glucose; 
PINS, 2 h plasma insulin after glucose overload; FINS, fasting 
plasma insulin; TC, total cholesterol; TG, triglyceride; LDL-C, 
low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein 
cholesterol; HOMA-IR, HOMA-insulin resistance index; HOMA-IS, 
HOMA-β-cell insulin secretion index; HbA1c, glycated hemo-
globin; Hs-CRP, high-sensitivity C-reactive protein; CIMT, carotid 
intima-media thickness.
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cholesterol (TC), triglyceride (TG), low-density lipoprotein 
cholesterol (LDL-C), high-density lipoprotein cholesterol 
(HDL-C), HOMA-IR, HOMA-IS, glycated hemoglobin 
(HbA1c) and CIMT (P<0.01 and P<0.001; Table 1). Gender 
distribution, age, waist-to-hip ratio, BMI, systolic blood pres-
sure (SBP), diastolic blood pressure (DBP) and high-sensitivity 
C-reactive protein (Hs-CRP) in the nT2DM group were not 
statistically significant different compared to the NGT group.

Serum fetuin‑A levels. There was a significant difference in the 
serum fetuin-A levels between the nT2DM and NGT groups 
(368.5±15.6 vs. 152.7±7.1 mg/l, P<0.01; Table I).

Correlation of serum fetuin‑A levels with clinical parameters. 
Pearson's correlation analyses were performed to assess the 
associations between the serum fetuin-A levels and clinical 
parameters. The serum fetuin-A levels were found to correlate 

positively and significantly with HOMA‑IR (r=0.48, P<0.01), 
CIMT (r=0.51, P<0.01), HbA1c (r=0.15, P<0.05), SBP (r=0.18, 
P<0.05), LDL-C (r=0.11, P<0.05), TG (r=0.35, P<0.01), BMI 
(r=0.16, P<0.05), FBG (r=0.42, P<0.01) and 2hOGTT (r=0.58, 
P<0.01), but negatively with FINS (r=-0.15, P<0.01), PINS 
(r=-0.42, P<0.01), HDL-C (r=-0.18, P<0.05) and HOMA-IS 
(r=‑0.46, P<0.01), as shown in Fig. 1. However, a significant 
correlation was not observed between the serum fetuin-A 
levels and TC, DBP and Hs-CRP (Fig. 1).

Discussion

Fetuin-A is a liver-secreted, multifunctional glycoprotein (21). 
Previous studies have demonstrated that fetuin-A has emerged 
as a biomarker for risk of T2DM (5-10). In the present study, 
the serum fetuin-A levels were found to be elevated in patients 
with nT2DM compared to the NGT group. Dyslipidemia is the 

Figure 1. Correlations between the serum fetuin-A levels with the clinical parameters (Pearson correlation analysis). HOMA-IR, HOMA-insulin resistance 
index; HOMA-IS, HOMA-β-cell insulin secretion index; CIMT, carotid intima-media thickness; BMI, body mass index; FPG, fasting plasma glucose; 
2hOGTT, 2 h post-glucose load blood glucose; DBP, diastolic blood pressure; SBP, systolic blood pressure; HbA1c, glycated hemoglobin; TC, total cholesterol; 
TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PINS, 2 h plasma insulin after glucose overload; 
FINS, fasting plasma insulin; Hs-CRP, high-sensitivity C-reactive protein.
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elevation of TC, TG and small dense LDL-C concentrations 
with low serum HDL-C levels. HDL-C has a protective role 
in AS, as it can remove cholesterol from cells in the artery 
wall (22). A previous study has demonstrated that the serum 
fetuin-A levels are completely associated with visceral obesity 
and dyslipidemia (23). In the present study, the serum fetuin-A 
levels were found to be positively and significantly correlated 
with LDL-C and TG, but negatively with HDL-C. In addition, 
the serum fetuin-A levels were associated with BMI, SBP, 
HbA1c, FBG and 2hOGTT. However, in contrast to the study, 
a previous study reported that fetuin-A showed a positive asso-
ciation with ankle brachial index and no significant correlation 
with the metabolic parameters (24).

In addition, it has been previously demonstrated that the 
serum fetuin-A level was associated with IR (11,25,26). In 
the present study, the serum fetuin-A levels were also found 
to be positively and significantly correlated with HOMA‑IR, 
but negatively with FINS, PINS and HOMA‑IS. These find-
ings indicated that fetuin-A may have a role in triggering the 
processes leading to IR in nT2DM patients. This result is in 
line with previous data from studies regarding the association 
between fetuin-A and IR. However, there are no associations 
between fetuin-A with CIMT. In the present study, the serum 
fetuin‑A levels were found to be positively and significantly 
correlated with CIMT. This result indicates that the serum 
fetuin-A levels may be associated with macroangiopathies in 
nT2DM patients.

In conclusion, the present study found that serum fetuin-A 
levels are significantly increased and significantly associated 
with HbA1c, SBP, HDL-C, LDL-C, TG, BMI, FBG, 2hOGTT, 
FINS, PINS, HOMA-IR and HOMA-IS in nT2DM. Notably, to 
the best of our knowledge, this is the first time that a significant 
association between fetuin-A with IR and CIMT in patients 
with nT2DM has been shown. The findings of the study indi-
cate that the serum fetuin-A levels can be used as independent 
markers in the diagnosis of macroangiopathies in nT2DM.
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