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ABSTRACT 
Objective: The aim of this study was to determine the serum visfatin, eotaxin and fetuin-A levels in patients with normal BMI 
and overweight type 2 diabetes mellitus (T2DM).
Material and Method: This study perform in 30 T2DM patients and in 20 healthy subjects. Test subjects were divided into 
four groups as two diabetics and two controls. Diabetics with a body mass index (BMI) of 26.2-29.9 kg/m2 were included 
in the overweight diabetic group (OD), and those with a body mass index of 20.9-24.9 kg/m2 were included in the normal 
BMI diabetic group (ND). The volunteers in the control group were also divided into two groups as overweight (OC) and 
normal BMI (NC). Smoking and alcohol users were not included in the study. In addition, patients with significant diabetic 
complications such as retinopathy, hypertension, neuropathy, renal failure, and cardiovascular disease were excluded from the 
study. The serum visfatin eotaxin and fetuin-A levels were measured using the ELISA method. The Mann-Whitney U test was 
used to compare the data of the groups, while Spearman’s analysis was applied for the correlations.
Results: The visfatin levels of the OD and ND were significantly higher compared to those of their control groups (p<0.05 and 
p<0.05 respectively). In addition, the eotaxin levels of the diabetic patients both OD and ND were significantly higher than 
those of their control group (p<0.001 and p<0.05, respectively). Serum fetuin-A level was not different between groups.
Conclusion: Serum visfatin and eotaxin levels are high in patients with T2DM, and this elevation is dependent on BMI. In 
addition, visfatin level is high in overweight non-diabetic subjects. 
Keywords: Visfatin, eotaxin, fetuin-A, type 2 diabetes mellitus.
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INTRODUCTION
Type 2 diabetes mellitus (T2DM) is accepted as one of the 
most prominent metabolic diseases of the 21st century 
(1). The main reason for this disease is insulin resistance, 
increased liver glucose production, and deficiency in 
insulin secretion against glucose stimulation (2,3). 
Although the pathogenesis of T2DM is not completely 
known, it is thought to be due to the interactions of 
genetic, environmental, and behavioral risk factors 
(4). Economic developments, urbanization, longevity, 
physical inactivity, unhealthy diet, smoking, drinking 
alcohol, and obesity all contribute to the development of 
T2DM (5). A significant number of patients with T2DM 
are obese and the incidence of diabetes is closely related 
to the increase in obesity prevalence (6). Obesity to the 
development of the disease in approximately 55% of 
patients with T2DM (7). 

A parallel relation is thought to exist between the 
pancreas and adipose tissue, and the majority of 
patients with T2DM are obese individuals with visceral 
fat. Overweight and obesity causes an increase in 
adipose tissue stores and irregular adipokine secretion. 
Adipokines secreted from macrophages that infiltrate fat 
cells and adipose tissue are believed to cause a low-grade 
chronic inflammatory condition, which in turn, leads to 
the insulin resistance in tissues such as liver and skeletal 
muscle, and subsequently to T2DM (8).

Visfatin, which is a new member of the adipocytokine 
family, was first described by Fukuhara et al. (9) in 
2005. The most interesting feature of visfatin is its 
insulin-mimetic feature, which has only recently been 
put forward. It has been reported that visfatin mimics 
the effects of insulin such as inhibiting hepatic glucose 
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release, increasing glucose uptake in fat and muscle cells, 
and increasing triglyceride synthesis. It has been found 
that visfatin activates the phosphorylation and signal 
transmission of insulin receptors by binding to a place 
that is different to the place where insulin binds and 
using a different pathway to insulin (9).

It is known that chronic inflammation plays a part in the 
pathogenesis of T2DM and that various cytokines play 
a critical role in the onset and progress of the disease. 
Eotaxin is a fundamental cytokine in the pathogenesis 
of allergic respiratory diseases, inflammatory bowel 
disease and gastrointestinal allergic hypersensitivity 
(10). It has been reported that eotaxin is a secretory 
product of adipose tissue and its plasma level increased 
in obese patients and is believed to be associated with the 
pathogenesis of diabetes (11). 

It has been determined that protein structured fetuin-A 
synthesized in the liver significantly increases with 
obesity. Moreover, it has been suggested that there is a 
significant link between obesity and fetuin-A and insulin 
resistance in humans (12,13). Recent researches have 
reported that fetuin-A can play a part in the glucose 
metabolism and induce insulin resistance in target tissues 
by inhibiting insulin receptor activity in the liver, muscles 
and adipose tissue (14,15). Within this context, in this 
study determined the visfatin, eotaxin and fetuin-A 
levels of normal and overweight patients with T2DM and 
investigated their relationship with fasting blood glucose 
(FBG), insulin resistance, fasting insulin level, BMI, and 
the relationship between these molecules.

MATERIAL AND METHOD
The study was approved by the Non-interventional 
Studies Ethics Committee of Dicle University Faculty of 
Medicine (Date: 15.04.2015, Decision No: 195). Consent 
was acquired from all of the participants, who were also 
informed about what to do, also the study was carried out 
in accordance with the Declaration of Helsinki.

Subjects 
The study was comprised of 30 patients who had 
applied to the Endocrinology and Metabolic Diseases 
Outpatient Clinic of Dicle University Hospital, had been 
diagnosed with T2DM in accordance with the American 
Diabetes Association (ADA) criteria, had received oral 
antidiabetic treatment and were between the ages of 47-
63 years and 20 healthy participants between the same 
ages. The patients and healthy participants included in 
the study were selected from people who did not smoke 
or drink alcohol. In addition, patients with significant 
diabetic complications such as retinopathy, hypertension, 
neuropathy, renal failure, and cardiovascular disease 
were excluded from the experiment. The BMI of 

the participants was calculated when they were first 
admitted. The 30 patients with T2DM and healty 
participants were divided into two groups according to 
their BMI. Those with a BMI of 26.2-29.9 kg/m2 were 
included in the overweight diabetic group, while those 
with a BMI between 20.9-24.9 kg/m2 were included in 
the normalweight diabetic group. The volunteer subjects 
in the control group were also divided into two groups 
in the same way. All patients were using metformin at a 
dose of 2000 mg/day for more than 1 year.

Blood Sampling and Measurements 
The biochemical measurements of the participants 
were carried out at the Central Laboratory of Dicle 
University Hospital. In venous blood samples were 
obtained from the participants after at least 8-12 hours 
of fasting to determine their glucose measurement. 
These measurements were carried out with Abbott 
Diagnostics original kits and in accordance with 
the spectrophotometrical method. The glycated 
hemoglobin (HbA1c) levels of the participants were 
also measured on the same day according to the liquid 
chromatography (HPLC) method and the fasting insulin 
levels were determined by using Roche Diagnostics 
original kits and the Cobas e601 module (Roche 
Diagnostics, Mannheim, Germany) in accordance with 
the electrochemiluminescence measurement method. 
An extra tube of blood was taken from the participants 
and centrifuged at 4000 rpm for ten minutes then the 
serum samples were taken into another eppendorf tube. 
The visfatin, eotaxin and fetuin-A levels in the serum 
samples stored at -80°C were measured in accordance 
with the ELISA method using human ELISA kits 
(visfatin catalog number: 201-12-0026; SunRed 
Biotechnology, Shanghai, China, eotaxin (catalog 
number: CK-E90892; Hangzhou Eastbiopharm Co., 
Ltd., Zhejiang, China, and fetuin-A catalog number: 
201-12-1387; SunRed Biotechnology, Shanghai, China). 
The insulin resistance of the patient and control groups 
were calculated according to the HOMA-IR index (16).

Statistical Analysis
Microsoft Excel was used to record the data collected 
from the all participants, and the statistical analyses 
were carried out using SPSS software (version 18.0). 
Kolmogorov-Smirnov test was used for checking 
normality of the obtained data. Since the data were not 
normally distributed, The Mann Whitney U test was 
used for the analysis of the data. Moreover, to investigate 
the correlation of visfatin, eotaxin and fetuin-A with 
FBG, HbA1c, fasting insulin, Insulin resistance, and BMI 
Spearman’s correlation analysis was applied. The results 
were stated as median values. Furthermore, p values less 
than 5% (p<0.05) were considered significant, while those 
greater than 5% (p>0.05) were considered insignificant.
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RESULTS
The principal characteristics of all groups are presented 
in Table 1. The patient groups and their control groups 
were found to be similar in terms of age, height, weight, 
and BMI. 

The FBG level of the OD was measured as 137 mg/dl, 
while the level of the ND was found as 140 mg/dl. Even 
though both patient groups were using oral antidiabetic 
medicines their FBG levels were found to be significantly 
higher than those of their control groups (OD: p<0.001 
and ND: p<0.05). The fasting insulin level of the OD was 
found to be significantly higher than the ND (p<0.05). 
The HbA1c values were significantly higher in the OD 
and ND compared to their control groups (P<0.001). 
Insulin resistance was significantly higher in the OD 
compared to the ND (p<0.05). 

The visfatin level of the OD was found to be 16.65 ng/ml, 
while those of the OC was 10.60 ng/ml, those of the ND 
was 14 ng/ml and those of the NC was 3.50 ng/ml. The 
visfatin levels of the OD and ND were significantly higher 
than those in the control groups as shown in Figure 1 
(p<0.05). Similarly, the eotaxin levels were found to 

be significantly higher in the OD and ND compared 
to the control groups as shown in Figure 2 (p<0.001 
and p<0.05). No significant difference was determined 
between the fetuin-A levels of OD and ND and those of 
the controls (Figure 3).

Figure 1. A Boxplot illustration of serum visfatin concentrations in 
subjects of overweight and normalweight diabetic patients and their 
healty controls. OD: overweight diabetic, OC: overweight control, 
ND: normalweight diabetic, NC: normalweight control

Figure 2. A Boxplot illustration of serum eotaxin concentrations in 
subjects of overweight and normalweight diabetic patients and their 
healty controls. OD: overweight diabetic, OC: overweight control, 
ND: normalweight diabetic, NC: normalweight control

Figure 3. A Boxplot illustration of serum fetuin-A concentrations in 
subjects of overweight and normalweight diabetic patients and their 
healty controls. OD: overweight diabetic, OC: overweight control, 
ND: normalweight diabetic, NC: normalweight control

Table 1. Demographic and laboratory datas of overweight and normalweight diabetic patients and their controls.
OD (n=23) OC (n=11) ND (n=7) NC (n=9)

Median Min-Max Median Min-Max Median Min-Max Median Min-Max
Age (years) 61 54-67 59 53-64 55 53-62 58 51-65
Height (cm) 163 150-188 170 159-193 166 150-172 165 158-182
Weight (kg) 81.5b 75.4-111 78 76-116.5 62.4 47.7-66 65 50.8-71.3
BMI (kg/m2) 28.91b 26.15-29.33 27.96 26.10-29.93 22.57 20.89-23.57 23.67 21.03-24.98
FBG (mg/dl) 137** 117-162 98 88-110 140* 101-164 91 82-101
Fasting insülin (µU/ml) 12.65a 8.56-17.40 12.20 9.20-14.50 6.05* 4.40-7.52 10.20 7.40-12.38
HOMA-IR 5.15a 4.36-6.81 4.01 3.21-4.28 2.12 2.07-3.13 2.18 1.62-3.58
HbA1c (%) 6.75** 5.30-8.15 5.30 4.20-6.00 6.51** 5.83-7.60 5.20 4.40-5.67
BMI: body mass index; HbA1c: hemoglobin A1c; HOMA-IR: homeostatic model assessment of insülin resistance, Data represents median and min-max. *P<0.05, **P<0.001 
compared to controls. aP<0.05, bP<0.01 compared to normalweight diabetic participants.  
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As shown in Table 2. A positive correlation was found 
between the visfatin level and BMI in OD and OC (p<0.05 
and p<0.01), while a negative correlation was found 
in NC. A linear correlation was determined between 
visfatin level and eotaxin, FBG, fasting insulin level, and 
HOMA-IR in OC (p<0.05). A positive correlation was 
determined between visfatin level and HOMA-IR in 
the NC (p<0.05). A negative correlation was observed 
between the eotaxin levels and FBG and HbA1c levels in 
the ND (p<0.05 and p<0.01), while a positive correlation 
was determined between the fetuin-A levels and fasting 
insulin levels and insulin resistance in the NC (p<0.01 
and p<0.05).

DISCUSSION 
Owerweight and/or obesity is a major risk factor 
of T2DM, is closely related to irregular adipokine 
release, macrophage infiltration into adipose tissue and 
inflammation processes. Very little is known about the 
potential role of these processes in the development of 
T2DM. This study examined the serum visfatin, eotaxin 
and fetuin-A levels in normal and owerweight patients 
with T2DM with the purpose of contributing to closing 
the gap regarding this issue. 

Individuals with T2DM may be exposed to various 
complications despite receiving medical treatment. 
In cases where medical treatment fails to satisfy, 
hyperglycemia, increased HbA1c and increased insulin 
resistance can be observed. In the present study, FBG 
levels and HbA1c concentrations were significantly 
higher in the normal and overweight patients with 
T2DM who received oral antidiabetic treatment. The 
fasting insulin level and insulin resistance of the OD 
were higher than the ND. Similarly, these parameters 
were determined to be higher in the OC compared to 
the NC. In general, insulin resistance is high in patients 
with T2DM and is more exacerbated in the presence 
of obesity (17). The acquired data were in support of 
the literature indicating that there were relationships 
between fasting insulin level, insulin resistance and 
BMI (4,5,18,19). Despite there being unsurprising and 

expected results, it was observed that the participants 
of the present study were not fully biochemically 
controlled with the antidiabetic treatment they were 
receiving. This may be due to them not using their 
medication regularly, not paying attention to their diet 
and periodic health checks, and their sedentary lifestyle 
habits.

Adipose tissue, which was known only as an energy 
store until approximately 10-15 years ago, is now known 
as the largest endocrine organ in the human body. As 
an active tissue, the adipose tissue, secretes important 
proteins called adipokine that have metabolic activity. 
Some of the adipokines secreted from this tissue may be 
protective against T2DM. One of these is visfatin, which 
acts like insulin in muscles, adipose tissue, and liver and 
increases insulin sensitivity (9). The antidiabetic effects 
of visfatin, insulin resistance and its relationship with 
T2DM have been investigated in many studies. However, 
contradictory results have been obtained in similar 
studies conducted on this subject. Some researchers have 
reported that there is no relationship between plasma 
visfatin level and diabetes or vice versa. Takebayashi 
et al. (20) determined that there was no significant 
relationship between visfatin level and T2DM. Gündüz et 
al. (21) found that the visfatin levels of the control group 
and patients with T2DM were similar. Toruner et al. (22) 
reported that plasma visfatin levels were significantly 
lower in T2DM patients. Moreover, they determined 
that there was a negative relationship between visfatin 
and HbA1c levels. Contrary to the findings of previous 
studies, the present study found that visfatin levels of the 
patients with T2DM were higher compared to those of 
the control group. Similarly, in a study conducted with 
a large number of patients it was found that visfatin 
concentrations were significantly higher in T2DM 
patients compared to the control group (23). Lopez 
et al. (24) determined that plasma visfatin levels were 
positively related with insulin resistance and that visfatin 
may be significant in the pathogenesis of diabetes. Habib 
et al. (25) found the serum visfatin levels of patients 
with T2DM to be 7.01±3.79 ng/ml and those of healthy 
subjects to be 4.02±2.74 ng/ml (p=0.046).

Table 2. Correlation coefficients of studied variables with visfatin, eotaxin and fetuin-A in each group.
OD (n=23) OC (n=11) ND (n= 7) NC (n=9)

Visfatin Eotaxin Fetuin-A Visfatin Eotaxin Fetuin-A Visfatin Eotaxin Fetuin-A Visfatin Eotaxin Fetuin-A
Visfatin (ng/ml) - 0.003 -0.284 - 0.700* 0.291 - 0.714 0.657 - -0.377 0.226
Eotaxin (ng/L) 0.003 - 0.315 0.700* - 0.291 0.714 - 0.714 -0.377 - 0.183
Fetuin-A (mg/L) -0.284 0.315 - 0.291 0.291 - 0.657 0.714 - 0.226 0.183 -
BMI (kg/m2) 0.474* 0.038 -0.292 0.782** 0.518 .000 0.257 0.429 -0.086 -0.695* 0.283 -0.133
FBG (mg/dl) 0.179 -0.336 -0.394 0.609* 0.455 0.255 -0.771 -0.943** -0.771 -0.017 -0.360 -0.184
Fasting insulin (µU/ml) 0.192 0.293 0.364 0.709* 0.445 0.345 -0.029 -0.200 -0.029 0.544 -0.067 0.817**
HbA1c (%) 0.231 0.017 -0.234 -0.148 -0.491 -0.343 -0.696 -0.899* -0.696 -0.658 0.281 0.026
HOMA-IR 0,252 0,220 0,241 0,691* 0,391 0,309 -0,058 -0,319 -0,145 0,703* -0,233 0,667*
BMI: body mass index; HbA1c: hemoglobin A1c; HOMA-IR: homeostatic model assessment of insülin resistance, *P<0.05, **P<0.01
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Researchers have found that patients with T2DM have 
high visfatin levels and higher visfatin levels with poor 
glycemic control and increased body adiposity indices. 
Haider et al. (26) determined that when blood glucose 
increased plasma visfatin levels also increased in healthy 
participants who underwent glucose infusion tests. 
In addition, they reported that when the glucose level 
increased in fat cell cultures, the expression of visfatin 
also increased. With this regard, the results of the present 
study agreed with these results and those of various other 
studies in the literature (27,28,29). When the findings of 
the present study and previous studies are considered, it 
was considered that this increase in visfatin levels in the 
T2DM patients was likely to be due to the impairment 
of the visfatin signal in target tissues, the development 
of visfatin resistance or an increase in biosynthesis due 
to hyperglycemia, hyperinsulinemia, or the reaction to 
adipokines, and was accepted as a protective physiological 
mechanism (29). 

In this study, a positive correlation was determined 
between visfatin levels and BMI. Similarly, in the relevant 
studies conducted in the literature a significant positive 
correlation was also reported between visfatin levels 
and BMI (27, 30-32). Choi et al. (33) determined that 
visfatin levels of non-obese patients were lower than 
obese patients. Moreover, they found that the plasma 
visfatin levels could be decreased when body weight was 
reduced by means of an exercise program. Kara et al. (32) 
compared obese and non-obese patients with T2DM 
with healthy control groups and determined that the 
serum visfatin levels of obese patients with T2DM were 
higher compared to those of the control groups. 

In brief, the association between serum visfatin levels 
and diabetes has not been fully explained with the studies 
conducted thus far. According to the results of this study, 
the visfatin levels were significantly higher in the OD 
and ND. However, visfatin levels were also determined 
to be high in the OC. The findings of this study proved 
that there was a notable association between visfatin 
and obesity and/or visfatin and diabetes. However, the 
role of visfatin in the pathophysiology of diabetes is still 
controversial. Although it is believed that visfatin may be 
a compensatory mechanism in this process, the role of 
visfatin in insulin resistance related disorders is not fully 
known. 

It has become increasingly clear that diabetes is a low-
grade inflammatory disease, and that inflammation is 
closely related to insulin resistance (34). In the presence 
of T2DM, changes can be observed in the serum levels 
of inflammatory markers. Determining inflammatory 
markers in diabetes can be important in gaining insight 
into the processes underlying the onset and progression of 
the disease. A clearer understanding of the inflammatory 

basis of T2DM may also be significant in putting forward 
new approaches to currently used pharmacological/
non-pharmacological interventions (35). Studies on 
biomarkers associated with the chronic inflammatory 
condition underlying T2DM and their interactions with 
one another are ongoing (36-39). 

Eotaxin, which is an important pro-inflammatory 
cytokine is synthesized in various cells of the immune 
system. It has also been determined that it is secretory 
product of adipose tissue and that plasma levels are 
increased in obese individuals (11). Vasudevan et 
al. (11) determined that serum eotaxin level in obese 
individuals were high. However, in the present study, it 
was determined that the serum eotaxin levels of obese 
and non-obese participants were similar. As eotaxin 
is a pro-inflammatory agent and has previously been 
reported to have a possible role in the development of 
obesity-related disorders such as T2DM, its associated 
with T2DM was determined. In the literature review, 
only one study was found to have directly examined 
the relationship between T2DM and eotaxin. In this 
study, conducted by Herder et al. (40) no changes were 
determined in the serum eotaxin levels of patients with 
T2DM. However, in the present study, it was observed 
that serum eotaxin levels were higher in OD and ND 
compared to their control groups. These results suggest 
that eotaxin may play a part in glucose metabolism and 
the pathogenesis of T2DM. 

Fetuin-A is a multifunctional molecule that is secreted 
from the liver. According to the results of previous 
studies, fetuin-A is a biomarker of the risk of T2DM 
(14,41). Ix et al. (14) reported that among the healthy 
individuals they followed up for 6 years the serum 
fetuin-A levels of 135 patients who developed diabetes 
were higher than those of the healthy individuals who did 
not develop diabetes. Furthermore, they determined that 
there was a relationship between serum fetuin-A levels 
and insulin resistance. Song et al. (42) determined that 
middle-aged subjects with T2DM showed high fetuin-A 
levels and that there was a positive correlation between 
the fetuin-A level and insulin resistance. However, some 
researchers have reported no significant difference 
between fetuin-A levels between patients with T2DM 
and healthy individuals, and no relationship between 
fetuin-A levels and insulin resistance (12,21). Yılmaz et 
al. (43) determined that fetuin-A levels were significantly 
lower in T2DM patients. In the present study, no 
significant difference was observed in serum fetuin-A 
levels between the OD and ND patients with T2DM 
and their control groups. However, we determined a 
positive relationship between the serum fetuin-A and 
fasting insulin levels and insulin resistance in the NC. 
These findings are consistent with the results of various 
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similar studies (12,21), while they contradict the results 
of others (41,44). The differences between the results may 
be due to the subjects being of different ethnic origins 
and gender, having different lifestyles, and dietary habits 
and receiving different medication. 

Our study has certain limitations; firstly the metabolic 
parameters of the T2DM patients included in the study 
were not under control. Second, the small number of 
patients in the study. Third, It can be listed as the fact 
that the compliance of patients with drug therapy was 
not evaluated.

CONCLUSION
Serum visfatin and eotaxin levels are high in patients 
with T2DM, and this elevation is dependent of BMI. In 
addition, visfatin level is high in overweight non-diabetic 
subjects.
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