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ABSTRACT. To investigate the chemerin level in the Chinese 
Han population with metabolic syndrome and its relationship with 
each metabolic syndrome component [body mass index (BMI), 
blood pressure, blood lipids, and blood glucose], we selected 30 
patients with metabolic syndrome and 30 healthy control subjects. 
The chemerin level was measured by enzyme immunoassay in 
these 2 groups. The subjects’ weight, blood pressure, BMI, waist 
circumference, fasting blood glucose, fasting insulin, lipids, and 
glycated hemoglobin were simultaneously detected. The t-test, 
correlation analysis, and multiple regression analysis were used to 
perform statistical analysis. We found that plasma chemerin level 
was higher in the metabolic syndrome group than that in the control 
group (97.61 ± 6.49 vs 70.26 ± 6.97, t = 15.73, P < 0.05). The plasma 
chemerin level was positively correlated with systolic blood pressure, 
waist circumference, BMI, waist-to-hip ratio, fasting blood glucose, 
fasting insulin, and glycated hemoglobin (r = 0.548, 0.442, 0.359, 
0.556, 0.613, 0.581, and 0.572, respectively; all P < 0.05). However, 
it was negatively correlated with high-density lipoprotein cholesterol 
(r = -0.378, P < 0.05). Therefore, we concluded that plasma chemerin 
level was correlated with obesity, blood pressure, and high-density 
lipoprotein cholesterol, suggesting that it may play a role in the 
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pathogenesis of metabolic syndrome.
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INTRODUCTION

Metabolic syndrome (MS) is a series of biochemical clinical metabolic abnormalities 
mainly caused by insulin resistance (IR). It includes obesity, diabetes or impaired glucose 
tolerance, dyslipidemia, hypertension, microalbuminuria, and other major risk factors and is, in 
essence, the aggregation of multiple metabolic risk factors for cardiovascular disease (Eckel et 
al., 2005). With obesity increasing globally, the incidence of MS continues to grow. Chemerin 
is a recently discovered adipokine secreted by fat cells. It is highly expressed in adipose tissue. 
Recent studies have shown that endocrine dysfunction of adipose tissue is an important reason 
for IR, as chemerin is associated with obesity, IR, and metabolic syndrome (Ailhaud, 2006; 
Bozaoglu et al., 2007). One study in China has found several key chemerin indicators of MS 
such as IR in the Uyghur population (Guan et al., 2010); however, similar studies are rare in the 
Chinese Han population. This study compared the plasma chemerin levels in healthy subjects 
and MS patients in the Han population to explore the relationship of chemerin with MS.

MATERIAL AND METHODS

Subjects

Subjects were selected from a 2008 survey of the prevalence of MS in Zhenjiang (China) 
and from among patients visiting the clinic, inpatient, and health examination departments of 
the Affiliated Hospital of Jiangsu University from 2008 to 2011. All subjects were Chinese Han. 
The control group included 30 healthy people - 18 men and 12 women - with a mean age of 51 
± 9 years. These subjects had no family history of diabetes, high cholesterol, or hypertension. 
Two-hour post-load plasma glucose was tested with 75 g glucose (or 82.5 g glucose containing 1 
molecule of water) to exclude diabetes or impaired glucose tolerance. Subjects lacked abdominal 
obesity (male waist circumference <90 cm, females <80 cm) and abnormalities of blood lipids 
and blood pressure. None of the subjects had received antihypertensive, lipid, or glycemic control 
medications within a month of assessment. Thirty MS patients, consisting of 16 men and 14 women 
with a mean age of 49 ± 8 years, were also included in the study. The diagnosis of MS was based 
on the global consensus of MS according to the 2005 International Diabetes Federation (Song 
and Ji, 2005). Patients must have central obesity (Chinese standard: male waist circumference 
≥90 cm, female waist circumference ≥80 cm) and any 2 of the following 4 factors to make the 
diagnosis: 1) increasing triglyceride (TG) levels (TG > 1.7 mM) or receiving special treatment 
for this lipid abnormality, 2) decreasing high-density lipoprotein cholesterol (HDL-C; <1.03 mM 
for men and <1.29 mM for women) or receiving special treatment for this lipid abnormality, 
3) increasing fasting plasma glucose (FPG; ≥ 5.6 mM) or having been diagnosed with type II 
diabetes, 4) high blood pressure (systolic blood pressure ≥ 130 mmHg or diastolic blood pressure 
≥ 85 mmHg) or having been diagnosed with hypertension and treated. Subjects with thyroid 
dysfunction, liver and kidney dysfunction, and acute inflammation and trauma were excluded. 
The study was approved by the hospital ethics committee and consent was given by all subjects.
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Specimen collection

Blood specimens of fasting glucose and glucose 2 h after the test were collected after 
fasting 10-14 h overnight. After the plasma was centrifuged, the blood samples were divided 
in half. One half was used to test the relevant biochemical markers immediately, and the other 
was added to aprotinin and stored at -70°C for further chemerin testing.

Clinical indicator observation

Height, weight (wearing underwear only), waist circumference (at the subcostal level 
and midpoint of the anterior superior iliac spine line), hip circumference (maximum extension 
area of the buttocks), blood pressure (interval of 2 min; blood pressure was measured twice and 
recorded as the average), body mass index (BMI = body weight/height2; kg/m2), and waist/hip 
ratio (WHR = waist circumference/hip circumference) of the subjects were measured.

Biochemical indicators

FPG, FINS, TG, total cholesterol (CHOL), HDL-C, low-density lipoprotein cholesterol 
(LDL-C), glycated hemoglobin (HbA1c), and plasma chemerin levels were detected using the 
venous blood collected as described above after 10-14 h of fasting. The glucose and lipids 
were detected using an Olympus AU2700 automatic biochemical analyzer (Olympus, Japan). 
HbA1c was measured using a high-pressure liquid method. The insulin level was measured 
through radioimmunoassay determination of the plasma. Chemerin was detected using an 
enzyme immunoassay kit (linear range, 0.032-2.200 ng/mL, with an intra-difference of <4.9%; 
R&D Systems, USA).

Statistical analysis

SPSS11.5 (SPSS, Chicago, IL, USA) statistical analysis software was used. All con-
tinuous variables are reported as means ± standard deviation. A t-test was used to compare 
significance among groups. Non-normally distributed variables were converted into normally 
distributed variables for analysis. The relationship between chemerin and other variables was 
detected using linear correlation analysis and multiple regression analysis, with a P value of 
<0.05 indicating statistically significant difference.

RESULTS

General clinical data comparison

The gender ratio and ages of the subjects in the 2 groups were not significantly dif-
ferent. Body weight, waist circumference, BMI, and WHR in the MS group were greater than 
those in the control group (71.9 ± 8.87 and 63.33 ± 7.92, t = 3.95; 93.23 ± 6.05 and 80.40 ± 
7.71, t = 7.17; 25.9 ± 1.94 and 22.04 ± 1.32, t = 9.01; 0.92 ± 0.02 and 0.89 ± 0.01, t = 7.35, 
respectively; all P < 0.05). Systolic and diastolic blood pressures in the MS group were also 
higher than those in the control group (136.17 ± 8.43 and 120.33 ± 5.59, t = 8.58; 79.97 ± 7.39 
and 73.27 ± 6.02, t = 3.85; all P < 0.05; Table 1).
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Comparison of clinical and biochemical data

FPG, FINS, TG, CHOL, LDL-C, and HbA1c in the MS group were higher than those in 
the control group (6.75 ± 1.23 and 4.78 ± 0.42, t = 8.30, P < 0.05; 13.44 ± 2.25 and 7.15 ± 1.19, 
t = 13.53, P < 0.05; 0.36 ± 0.14 and 0.14 ± 0.08, t = 7.67, P < 0.05; 4.34 ± 0.62 and 4.29 ± 0.61, 
t = 0.32, P > 0.05; 3.46 ± 0.41 and 3.32 ± 0.47, t = 1.23, P > 0.05; 6.78 ± 0.61 and 5.41 ± 0.49, t 
= 9.59, P < 0.05, respectively). HDL-C was lower in the MS group than that in the control group 
(1.14 ± 0.12 and 1.41 ± 0.18, t = 6.84, P < 0.05), and chemerin level was higher in the MS group 
than that in the control group (97.61 ± 6.49 and 70.26 ± 6.97, t = 15.73, P < 0.05; Table 2).

Correlation analysis

The correlation coefficient r values of the plasma chemerin level and body weight, 
BMI, waist circumference, WHR, systolic blood pressure, diastolic blood pressure, TG, CHOL, 
LDL-C, HDL-C, FPG, FINS, and HbA1c were 0.104, 0.389, 0.442, 0.556, 0.548, 0.252, 0.242, 
0.361, 0.223, -0.378, 0.613, 0.581, and 0.572, respectively. Systolic blood pressure, waist cir-
cumference, BMI, WHR, FBG, FINS, and HbA1c were positively correlated with the plasma 
chemerin level (r = 0.548, 0.442, 0.389, 0.556, 0.613, 0.581, 0.572, respectively; P < 0.05). 
HDL-C was negatively correlated with plasma chemerin level (r = -0.378, P < 0.05). Chemerin 
was considered the dependent variable, and the various components in MS (e.g.; waist circum-
ference, WHR, FPG, TG, HDL-C, systolic blood pressure, and diastolic blood pressure) were 
considered the independent variables. Multiple regression analysis was performed, and the sys-
tolic blood pressure, BMI, and WHR were placed into the equation (P < 0.05).

DISCUSSION

Wittamer et al. (2003) isolated the ligands of the G protein-coupled receptor chemR23 
from the ascites of the patients with ovarian cancer and identified a chemoattractant protein that 
they called chemerin. In inflammatory states, it can gather macrophages and immature dendritic 

Group Case (n) Age (years) Height (cm) Weight (kg) BMI (kg/m2) WC (cm) WHR SBP (mmHg) DBP (mmHg)

Control Group 30 51.37 ± 9.27 169.11 ± 6.31 63.33 ± 7.92 22.04 ± 1.32 80.40 ± 7.71 0.89 ± 0.01 120.33 ± 5.59 73.27 ± 6.02
MS Group 30 49.03 ± 8.34 166.30 ± 5.72 71.90 ± 8.87 25.90 ± 1.94 93.23 ± 6.05 0.92 ± 0.02 136.17 ± 8.43 79.97 ± 7.39
t value    1.03   1.81   3.95   9.01   7.17   7.35   8.58   3.85
P  >0.05 >0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Table 1. Comparison of the clinical indicators of the two groups.

1 mm Hg = 0.133 kPa. BMI = body mass index, WC = waist circumference, WHR = waist/hip ratio, SBP = systolic 
blood pressure, DBP = diastolic blood pressure.

Group FPG (mM) FINS (mIU/L) HbA1c (%) TG (mM) CHOL (mM) LDL-C (mM) HDL-C (mM) Chemerin (ng/mL)

Control Group 4.78 ± 0.42   7.15 ± 1.19 5.41 ± 0.49 0.14 ± 0.08 4.29 ± 0.61 3.32 ± 0.47 1.41 ± 0.18 70.26 ± 6.97
MS Group 6.75 ± 1.23 13.44 ± 2.25 6.78 ± 0.61 0.36 ± 0.14 4.34 ± 0.62 3.46 ± 0.41 1.14 ± 0.12 97.61 ± 6.49
t value   8.30 13.53   9.59   7.67   0.32   1.23   6.84 15.73
P <0.05 <0.05 <0.05 <0.05 >0.05 >0.05 <0.05 <0.05

Table 2. Comparison of the plasma chemerin level and the other indicators of the two groups.

FPG = Fasting plasma glucose, FINS = fasting insulin, TG = triglyceride, CHOL = total cholesterol, LDL-C = low-
density lipoprotein cholesterol, HDL-C = high-density lipoprotein cholesterol.
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cells carrying chemR23 to sites of inflammation to regulate local inflammatory reactions. Goral-
ski et al. (2007) have used real-time quantitative polymerase chain reaction to identify chemerin 
as an adipokine and found that it is expressed in liver, spleen, pancreas, kidney, and ovary. 
Takahashi et al. (2008) have studied 3T3-L1 adipocytes cells and found that chemerin enhances 
insulin signaling, increases insulin-stimulated glucose transport, and regulates insulin sensitiv-
ity to adipose tissue. Chemerin is a new adipokine that regulates fat formation and metabolism 
and affects the metabolism of fat cell differentiation and adipose tissue inflammatory response 
through the paracrine and autocrine systems. Sell et al. (2009) examined human skeletal muscle 
cells and found that chemerin induces IR. Adipose tissue chemerin secretion was higher in obese 
patients than that in non-obese control subjects, which proved that chemerin secretion is associ-
ated with fat volume. Other studies have suggested that the secretion of adipocytokines is closely 
related to obesity, IR, and metabolic syndrome (Ailhaud, 2006; Bozaoglu et al., 2007; Ding and 
Fan, 2009). Chemerin may be closely related to MS as an adipokine.

The 3rd report of the United States Cholesterol Education Program Adult Treatment 
Panel (Ford and Giles, 2003) stated that the prevalence of MS was 23.9% in the United States. 
In China, Yang et al. (2012) have recently published data showing that the incidence of over-
weight and obesity has doubled compared with that in 2002, and the total population exceeded 
10 million. However, the etiology and pathogenesis of MS has not been elucidated. It occurs 
because of complex interactions between genetic and environmental factors. IR is generally 
accepted as a central component of MS, and obesity - particularly central obesity - is closely 
related to IR. According to International Diabetes Federation (IDF) guidelines, abdominal 
circumference increase and central obesity are a prerequisite of MS. Fat distribution affects 
the development of MS as well. Obesity is now considered a chronic low-level inflammation 
status, and the size and number of fat cells directly affects the pathological changes of obesity. 
Adipose tissue increases abdominal obesity, and in turn chemerin secretion increases. This 
expression imbalance may lead to the abnormal metabolism and differentiation of fat tissue 
and result in the pathological changes of obesity.

Our study found a significant difference in the weight, waist circumference, WHR, and 
BMI in the MS group compared with that in the control group. Chemerin level was significantly 
higher in the MS group than that in the control group, and plasma chemerin level was positively 
correlated to waist circumference, systolic blood pressure, BMI, WHR, FPG, FINS, and HbA1c. 
A study by Ailhaud (2006) has reported that plasma chemerin level is significantly higher in 
individuals with a BMI of >30 kg/m2 than that in individuals with a BMI of >25 kg/m2. BMI 
reflects the degree of the systemic body fat and obesity. Waist circumference is an indicator 
of local fat and body fat distribution and better reflects the actual status of central obesity: the 
larger the waist circumference, the more significant the central obesity. Stejskal et al. (2008) 
have found that chemerin level is correlated with waist circumference and BMI in whites after 
adjustment for age, gender, blood pressure, and blood lipids. Our results are consistent with the 
findings of these studies, showing that chemerin is correlated with MS characterized by central 
obesity. Central obesity may be among the reasons for elevated chemerin.

We observed that plasma chemerin was positively correlated with systolic blood 
pressure. Other studies have reported that chemerin is related to weight and blood pressure 
after adjustment for age and gender in subjects with normal glucose tolerance (Wittamer et 
al., 2003; Ailhaud, 2006). Chemerin combines with chemerin receptors on the cell membrane 
to inhibit adenylate cyclase activity and cyclic adenosine monophosphate aggregation. This 
process induces the release of calcium ions, increasing the concentration of intracellular 
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calcium and causing the vasoconstriction that leads to high blood pressure. Chemerin may be 
a new factor in blood pressure regulation.

In addition, we found that chemerin level was negatively correlated with HDL-C 
level. HDLs provide a vascular protective effect by reducing the damage of vascular lesions, 
by lowering high blood pressure caused by vasospasm and vascular wall cell proliferation, for 
example. Our study also revealed that chemerin level and high blood pressure had an important 
relationship. Our findings differed from those of Guan et al. (2010) in Uyghur patients with 
MS. The reasons for the differences may be variations in genetic background, lifestyle habits, 
research protocols, and our limited sample size. MS is a combination syndrome with multiple 
dysfunctions. Our control subjects had an uncomplicated medical status without abnormalities 
in blood lipids, blood glucose, and blood pressure. Whether single-component or multiple-
component abnormalities lead to changes in chemerin level remains to be studied further.

In summary, the correlation of plasma chemerin level and obesity, blood pressure, 
and HDL-C suggested that the recently described fat factor, chemerin, may play a role in 
the pathogenesis of MS. In-depth study of the biological function of chemerin, its role in fat 
differentiation, and its significance in the causality and development of MS will provide new 
ideas for predicting the development of MS and finding targets for drug therapy.
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