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Abstract

Adipose tissue has recently been identified as an endocrine organ. Visfatin is a novel adipocytokine predominantly secreted from visceral
adipocytes. Visceral obesity is an important component of metabolic syndrome; however, the relationship between visfatin levels and
metabolic syndrome is not clear. The purpose of this study was to explore the association between visfatin levels and anthropometry and
parameters of metabolic syndrome. Anthropometric measurements included height, weight, body mass index, waist and hip circumferences,
waist-to-hip ratio, and blood pressure. Metabolic parameters including fasting serum visfatin, fasting serum insulin and fasting plasma
glucose, lipid profiles, and uric acid levels were measured. Data of 500 subjects (244 men and 256 women) were used for the analysis. There
was no significant difference in serum visfatin levels between male and female subjects. Visfatin correlated negatively with body mass index
(β = −.011, P = .025) in male subjects; however, visfatin did not correlate with any other anthropometric or any metabolic parameters in male
subjects. There was no correlation between visfatin levels and any anthropometric parameters in female subjects; however, it did correlate
positively with high-density lipoprotein cholesterol levels (β = .126, P = .006) and correlate negatively with low-density lipoprotein
cholesterol levels (β = −.039, P = .010) in female subjects. In conclusion, visfatin is not related to most anthropometric parameters and most
parameters of metabolic syndrome. It may play a role in cholesterol homeostasis in women.
© 2007 Elsevier Inc. All rights reserved.
1. Introduction

It has long been apparent that obesity is an important risk
factor for the development of insulin resistance and type 2
diabetes mellitus (DM) [1]. Adipose tissue is now recognized
as an endocrine organ that secretes many hormones, such as
leptin [2], adiponectin [3], and resistin [4]. Leptin and
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adiponectin were shown to correlate with many parameters
of metabolic syndrome [5-8], although studies have revealed
that resistin was not associated with most parameters of
metabolic syndrome [9,10].

In 2005, Fukuhara et al [11] isolated a novel adipocyto-
kine named visfatin; this cytokine was identical to pre–B-
cell colony-enhancing factor and was preferentially
expressed in visceral fat. Its plasma level correlated strongly
with the amount of visceral fat estimated by computed
tomography in humans [11]. Increased body fat, especially
that which is visceral in origin, is closely linked to insulin
resistance [12]. Visfatin level has been reported to be
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increased in subjects with type 2 DM [13-15] and polycystic
ovary syndrome [16], 2 typical manifestations of insulin
resistance. Because insulin resistance is the key component
of metabolic syndrome [17] and visfatin is preferentially
expressed in visceral fat [11], the relationship between
visfatin levels and metabolic syndrome warrants elucidation.
The aim of this study is to investigate the association
between visfatin levels and anthropometry and certain
parameters related to metabolic syndrome in a community-
based population.
Table 1
Clinical and metabolic characteristics of all the study subjects

Variables All (N = 500) Range

Mean ± SD Minimum-maximum

Age (y) 54.33 ± 10.51 39.89-85.17
Adiposity index
BMI (kg/m2) 24.10 ± 3.24 14.05-41.21
Waist circumference (cm) 81.12 ± 9.84 56.00-114.00
Hip circumference (cm) 95.23 ± 6.46 74.50-128.00
Waist/hip ratio 0.85 ± 0.07 0.68-1.08
Blood pressure (mm Hg)
Systolic 132.85 ± 20.34 89.00-219.00
Diastolic 78.98 ± 12.23 46.00-133.00
Glucose tolerance index
FPG (mmol/L) 5.74 ± 1.55 4.05-17.49
FSI (pmol/L) 59.23 ± 53.94 0.72-551.97
HOMA 2.2 ± 2.39 0.02-26.38
Lipid profile
Total cholesterol (mmol/L) 5.37 ± 1.02 2.84-9.52
Triglyceride (mmol/L) 1.26 ± 0.83 0.28-8.98
HDL-C (mmol/L) 1.19 ± 0.32 0.51-2.49
Total cholesterol /HDL ratio 4.78 ± 1.30 1.91-8.67
LDL-C (mmol/L) 3.39 ± 0.92 0.87-7.46
Uric acid (mmol/L) 0.33 ± 0.08 0.15-0.65
Visfatin (ng/mL) 44.08 ± 26.84 14.20-277.85
Log visfatin 1.59 ± 0.21 1.15-2.44

FPG indicates fasting plasma glucose level; FSI, fasting serum insulin level.
2. Materials and methods

The study participants in the current report comprised
subjects who participated in our previous Metabolic
Syndrome Study (unpublished data) conducted in October
2004, a community-based study designed to estimate the
prevalence of metabolic syndrome among residents, aged
40 years and older, in a metropolitan city in central
Taiwan. In this study, visfatin levels were measured in the
first 500 participants. Informed consent was obtained from
each participant, and the study was approved by the
Human Research Committee of the China Medical
University Hospital.

All participating subjects presented to the outpatient clinic
of the Department of Family Medicine subsequent to an
overnight fasting. They were weighed in light clothing; and
their heights, and waist circumference and hip circumference
measurements were recorded. Body mass index (BMI) was
calculated (kg/m2) as an index of overall adiposity. Waist
circumference was measured midway between the inferior
margin of the last rib and the crest of the ileum in a horizontal
plane. Hip circumference was taken around the pelvis at the
point of maximal protrusion of the buttocks. Circumference
was measured to the nearest 1 mm. Waist circumference and
waist-to-hip ratio (WHR) served as a measure of regional fat
distribution. Blood pressure was measured from the right
arm subsequent to the participant sitting at rest for a period of
20 minutes. The mean of 2 blood pressure recordings was
used for statistical analysis. Fasting blood samples were
drawn between 8:00 AM and 10:00 AM, and the separated
serum was stored at −70°C until assays for visfatin and
insulin levels were conducted. The insulin resistance index
from fasting serum insulin and plasma glucose levels was
estimated using the homeostasis model assessment (HOMA)
= fasting serum insulin (μU/mL) × fasting plasma glucose
(mmoL/L)/22.5 [18]. The greater the HOMA value, the
greater the level of insulin resistance.

2.1. Laboratory analysis

Plasma glucose level was determined by a glucose
oxidase method (Astra-8, Beckman, Brea, CA), and the
serum insulin level was measured by a commercial enzyme-
linked immunosorbent assay kit (Diagnostic Products, Los
Angles, CA). The interassay coefficient of variation (CV) for
insulin was 8.7% and the intra-assay CV was 3.4%.
Serum visfatin level was assayed by a commercial visfatin
C-terminal enzyme-linked immunosorbent assay kit (Phoe-
nix Pharmaceuticals, Belmont, CA). The limit of detection
was 4.29 ng/mL; the intra- and interassay CV were 4.4% and
12%, respectively. Plasma cholesterol and triglyceride levels
were determined by an enzymatic colorimetric method
(Beckman Coulter Synchron LX-20; Beckman Coulter,
Brea, CA) [19,20]. The high-density lipoprotein cholesterol
(HDL-C) level was measured by a direct HDL-C method;
HDL lipoprotein particles were solubilized by a detergent to
release HDL-C that reacted with cholesterol esterase and
cholesterol oxidase in the presence of chromogens to
produce a colored product (Beckman Coulter Synchron
LX-20) [19,21]. The low-density lipoprotein cholesterol
(LDL-C) level was also measured by a direct LDL-C method
but used 2 kinds of detergents to solubilize the LDL particles
(Beckman Coulter Synchron LX-20) [19,21]. The uric acid
level was determined by a uricase-peroxidase method
(Beckman Coulter Synchron LX-20).

2.2. Statistical analysis

All data are presented as mean ± SD. Serum visfatin
levels were logarithmically transformed to obtain a
distribution resembling a normal distribution. A Student
t test compared the differences in parameter values
between male subjects and female subjects. The level of
correlation among log visfatin, anthropometry, and various
parameters pertaining to metabolic syndrome was assessed



Table 2
Clinical and metabolic characteristics of the study subjects stratified by sex

Variables Male (n = 244) Female (n=256) P

Mean ± SD Mean ± SD

Age (y) 55.45 ± 11.71 53.27 ± 9.12 .02
Adiposity index
BMI (kg/m2) 24.67 ± 3.02 23.55 ± 3.35 b.01
Waist circumference (cm) 86.07 ± 8.35 76.41 ± 8.78 b.01
Hip circumference (cm) 96.38 ± 6.17 94.14 ± 6.54 b.01
WHR 0.89 ± 0.06 0.81 ± 0.07 b.01

Blood pressure (mm Hg)
Systolic 135.35 ± 18.82 130.47 ± 21.46 .01
Diastolic 82.89 ± 10.66 75.26 ± 12.48 b.01

Glucose tolerance index
FPG (mmol/L) 5.89 ± 1.71 5.60 ± 1.37 .03
FSI (pmol/L) 62.23 ± 53.34 56.35 ± 54.46 .22
HOMA 2.35 ± 2.35 2.05 ± 2.42 .16

Lipid profile
Total cholesterol (mmol/L) 5.34 ± 1.05 5.40 ± 1.00 .56
Triglyceride (mmol/L) 1.40 ± 0.82 1.14 ± 0.82 b.01
HDL-C (mmol/L) 1.07 ± 0.29 1.29 ± 0.32 b.01
Total cholesterol /HDL ratio 5.22 ± 1.34 4.36 ± 1.10 b.01
LDL-C (mmol/L) 3.43 ± 0.92 3.34 ± 0.91 .28

Uric acid (mmol/L) 0.38 ± 0.07 0.29 ± 0.06 b.01
Visfatin (ng/mL) 42.74 ± 24.60 45.35 ± 28.80 .28
Log visfatin 1.58 ± 0.21 1.60 ± 0.22 .29
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by Pearson correlations and partial correlation coefficient
analyses. The independent effects of the metabolic para-
meters upon logarithmically transformed serum visfatin
levels were identified by multiple linear regression analysis.
Table 3
Correlation between log visfatin and anthropometric and metabolic parameters both
circumference

Adjustment for Males (n = 244)

– Age WC Age and W

Age 0.060 – 0.062 –
Adiposity index
BMI −0.128 ⁎ −0.122 −0.176 ⁎⁎ −0.166 ⁎⁎
WC −0.030 −0.035 – –
HC −0.028 −0.022 −0.007 0.009
WHR −0.022 −0.036 0.001 −0.015

Blood pressure
Systolic 0.008 −0.018 0.015 −0.010
Diastolic −0.031 −0.037 −0.026 −0.031

Glucose tolerance
FPG 0.038 0.031 0.042 0.035
FSI −0.025 −0.021 −0.015 −0.008
HOMA −0.010 −0.008 0.001 0.005

Lipid profile
Total cholesterol −0.106 −0.101 −0.107 −0.102
Triglyceride 0.010 0.023 0.019 0.035
HDL-C −0.017 −0.020 −0.025 −0.029
TC /HDL ratio −0.047 −0.040 −0.042 −0.033
LDL-C −0.091 −0.088 −0.091 −0.088

Uric acid −0.038 −0.035 −0.032 −0.028

WC indicates waist circumference; HC, hip circumference; TC, total cholesterol l
⁎ P b .05.
⁎⁎ P b .01.
⁎⁎⁎ P b .001.
A P value of less than .05 represented statistically significant
difference between compared data sets. All analyses were
performed with the SAS statistical package 8.1 (SAS
Institute, Cary, NC).
3. Results

Table 1 showed that the study subjects had a wide range
of clinical and metabolic characteristics. Among these
subjects, 121 subjects were on medications. The medica-
tions were for DM (36 subjects), hypertension (87
subjects), hyperlipidemia (21 subjects), and gout (20
subjects). As shown in Table 2, male subjects had greater
BMI, waist and hip circumferences, and WHR than female
subjects. Male subjects exhibited higher systolic and
diastolic blood pressures than female subjects. The fasting
plasma glucose levels for male subjects were significantly
higher than that for female subjects. There were no
significant differences in fasting plasma insulin levels and
HOMA between male and female subjects. Female subjects
showed greater HDL-C and lower triglyceride, total
cholesterol/HDL-C ratio, LDL-C, and uric acid levels
than that of male subjects. There was no significant
difference in serum visfatin levels between male and female
subjects (visfatin, 42.74 ± 24.6 vs 45.35 ± 28.8 ng/mL, P =
.28; log visfatin, 1.58 ± 0.21 vs 1.6 ± 0.22, P = .29).

Simple linear regression analysis revealed that log visfatin
correlated negatively with BMI in male subjects. This
without and with adjustment for age, waist circumference, and age and waist

Females (n = 256)

C – Age WC Age and WC

0.092 – 0.082 –

−0.019 −0.043 −0.069 −0.061
0.026 −0.007 – –
0.035 0.017 0.029 0.030
0.001 −0.030 −0.038 −0.039

0.010 −0.046 −0.004 −0.046
−0.014 −0.058 −0.032 −0.058

0.023 −0.014 0.006 −0.013
−0.009 −0.019 −0.016 −0.017
−0.009 −0.024 −0.016 −0.023

−0.132 ⁎ −0.134 ⁎ −0.130 ⁎ −0.134 ⁎
−0.098 −0.110 −0.111 −0.112
0.170 ⁎⁎ 0.187 ⁎⁎ 0.189 ⁎⁎ 0.191 ⁎⁎

−0.260 ⁎⁎⁎ −0.276 ⁎⁎⁎ −0.274 ⁎⁎⁎ −0.281 ⁎⁎⁎
−0.146 ⁎ −0.151 ⁎ −0.146 ⁎ −0.151 ⁎
−0.019 −0.043 −0.038 −0.043

evel.



Table 4
Multiple linear regression analysis using log visfatin as a dependent variable

Variable EC (β) SE t P

Model I: male
Intercept 1.899 0.153 12.420 b.0001
Age b0.001 0.001 0.110 .910
BMI −0.011 0.005 −2.260 .025
FSI b0.001 b0.001 0.500 .620
LDL-C −0.023 0.014 −1.600 .111
Medication 0.050 0.031 1.600 .111

Model II: female
Intercept 1.390 0.150 9.290 b.0001
Age 0.003 0.002 1.830 .069
BMI 0.001 0.004 0.240 .813
FSI b0.001 b0.001 0.350 .727
TG −0.010 0.018 −0.570 .570
HDL-C 0.126 0.045 2.760 .006
LDL-C −0.039 0.015 −2.600 .010
Medication −0.023 0.037 −0.620 .535

Waist circumference was not included in the model because of the high
degree of colinearity with BMI. The same reason exists between FSI and
HOMA, and that among total cholesterol, total cholesterol/HDL, HDL-C,
and LDL-C. EC indicates estimate coefficient; TG, triglyceride level.
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correlation disappeared after adjusting for age; however; it
remained unchanged after adjusting for waist circumference
and even after adjusting for age and waist circumference (γ =
−0.166, P b .01) (Table 3). For female subjects, log visfatin
correlated negatively with total cholesterol, total cholesterol/
HDL-C ratio, and LDL-C levels; and log visfatin correlated
positively with HDL-C levels. These correlations remained
unchanged even after adjusting for age, waist circumference,
and age and waist circumference (Table 3). Multiple linear
regression analysis with log visfatin as a dependent variable
showed that only BMI correlated negatively (β = −.011, P =
.025) with log visfatin in male subjects, but HDL-C levels
correlated positively (β = .126, P = .006) and LDL-C levels
correlated negatively (β = −.039, P = .010) with log visfatin
in female subjects (Table 4). The results of multiple linear
regression analysis were similar after excluding subjects
taking medicines for DM, hypertension, hyperlipidemia, and
gout. Body mass index still correlated negatively (β = −.014,
P = .031) with log visfatin in male subjects. High-density
lipoprotein cholesterol levels still correlated positively (β =
.175, P = .001) and LDL-C levels still correlated negatively
(β = −.043, P = .011) with log visfatin in female subjects.
4. Discussion

In this study, serum visfatin levels did not appear to
correlate significantly with most anthropometric markers,
except BMI, and any metabolic parameters in male subjects.
It did, however, correlate with HDL-C and LDL-C levels in
female subjects.

Leptin levels have been reported to be significantly higher
in women than in men [22,23]; this is logical as women have
more fat than men. Our study showed no sexual dimorphism
with regard to visfatin levels. This finding is consistent with
a previous study [24]. A possible reason why no sex
difference was found is that visfatin messenger RNA levels
were also present in macrophages in addition to being
secreted by adipocytes [25].

Fukuhara et al [11] identified visfatin as an adipocytokine
predominantly secreted from visceral adipocytes. Computed
tomographic scan demonstrated that plasma visfatin levels
correlated strongly with the visceral fat area and weakly with
the subcutaneous fat area in 101 male and female human
subjects [11]. Because waist circumference and WHR are
good surrogates of visceral fat [26,27], we would expect that
visfatin levels correlate with waist circumference and WHR.
However, previous reports [28-30] and this study have not
found this correlation. Furthermore, Berndt et al [28] and
Hammarstedt et al [29] were unable to find an association
between visfatin levels and intra-abdominal fat mass. Berndt
et al [28] found that visceral visfatin expression in many
subjects was several orders of magnitude lower than
subcutaneous visfatin expression in their study. They doubted
that the 2 women with very high visceral visfatin expression
found by Fukuhara et al [11] was only a coincidence.
Although a positive correlation between visfatin levels and
BMI was reported by Berndt et al [28], our study and the
result reported by Jian et al [30] in a Chinese population
showed a negative correlation between visfatin levels and
BMI in male subjects. Pagano et al [24] also found that obese
subjects had lower plasma visfatin levels than lean subjects.
The reason of this discrepancy is unclear.

In this study, visfatin levels did not correlate with systolic
or diastolic blood pressure. This result also existed in
patients with type 2 DM [13]. Our study showed that visfatin
level was not related to insulin levels or insulin resistance.
This result was consistent with a previous study [24]. Lipid
profiles are also an important component of metabolic
syndrome. Simple linear regression analysis revealed that
cholesterol-related profiles were associated with visfatin
levels in female subjects. This association remained
unchanged in multiple linear regression analysis including
or excluding subjects taking medicines related to chronic
metabolic diseases. As shown in previous studies, human
visfatin gene is located at 7q22.3, which has been reported to
be a linkage region for insulin resistance syndrome–related
phenotypes [31]. Jian et al [30] reported that a single
nucleotide polymorphism at 3 different loci of visfatin gene
was associated with triglyceride and total cholesterol levels.
Bailey et al [32] found that the rs11977021 variant of visfatin
gene was associated with total cholesterol levels and LDL-
C1 levels. These reports and our study imply that visfatin
may play a role in lipid homeostasis. However, the
mechanism is currently unknown. Because inhibition of
cholesteryl ester transfer protein increases HDL-C level and
decreases LDL level [33,34], one explanation of visfatin in
cholesterol homeostasis may be via inhibition of cholesteryl
ester transfer protein. The sex difference of correlation
between visfatin and cholesterol level may be due to estrogen
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effect. Estrogen may modulate visfatin to inhibit cholesteryl
ester transfer protein in cholesterol homeostasis. However,
whether visfatin acts by an endocrine mechanism or if it is
predominantly a paracrine hormone, or even an autocrine
factor, is not clear now, the physiologic effect(s) of visfatin
needs further investigation. Our report provides a clue to
explore the physiologic activity of this novel adipocytokine
in humans.

In conclusion, visfatin did not correlate with most
anthropometric parameters and most biomarkers of meta-
bolic syndrome. It correlates with HDL-C and LDL-C levels
in female subjects. Further studies are needed to clarify the
role of visfatin in homeostasis of lipid, especially cholesterol
homeostasis in female subjects.
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