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The metabolic syndrome is a cluster of abnormalities characterized by obesity, impaired glucose metabolism, hy-
pertension or elevated blood pressure, and dyslipidemia. The aim of this study was to investigate the association
of the adiponectin gene (ADIPOQ) +45 T > G polymorphism with the metabolic syndrome among Han Chinese
in Sichuan province of China. A case-control design was used including 116 patients with the metabolic syn-
drome and 108 unrelated controls, matched on age and gender. The ADIPOQ +45G allele (TG+GG) had a sig-
nificant association with risk of the metabolic syndrome (odds ratio=1.88, 95% confidence interval: 1.03-3.44,
p=0.039) adjusted for education, physical activity, family history of related diseases, smoking and drinking, com-
pared with subjects with TT genotype. The association between the ADIPOQ +45 T>G polymorphism and the
metabolic syndrome was independent of multiple confounders.
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INTRODUCTION
The metabolic syndrome (MS) is a cluster of physiologi-
cal and biochemical abnormalities, including four major
components: obesity, especially central obesity; impaired
glucose metabolism such as type 2 diabetes mellitus
(T2DM), impaired fasting glucose, or impaired glucose
tolerance (IGT); hypertension or elevated blood pressure;
and dyslipidemia with hypertriglyceridemia and/or hypo-
alphalipoproteinemia.' MS is associated with the devel-
opment of T2DM and of cardiovascular disease (CVD),?
as well as with an increased all-cause mortality.’

Adiponectin is a relatively abundant serum protein se-
creted by adipocytes.® Plasma levels of adiponectin is
lower in people with obesity,” hypertension,® T2DM and
coronary heart disease (CHD),” compared to those in
healthy subjects. Some studies showed that the level of
adiponectin is correlated with insulin resistance,® and
with glucose and lipid metabolism.” Furthermore, adi-
ponectin has been reported to be independently associated
with MS.'*"!

The adiponectin gene (ADIPOQ) is located on chromo-
some 3q27, it consists of three exons and two introns,'?

and has been linked to CHD,"” T2DM' and MS." The
+45 T > G polymorphism is one of the most common
variants of the exon 2 of the ADIPOQ gene and it is re-
ported to be associated with serum levels of adiponectin,
insulin sensitivity, obesity and T2DM.'®'* However,
whether the +45 T > G polymorphism is associated with
MS still remains unclear.'® "

Previous studies showed a low prevalence of hyperten-
sion among Yi farmers®*' in remote mountainous areas
of southwestern China where the largest Yi community is
located. In addition, Wang et al ** reported that the age-
and sex-adjusted prevalence of MS was 9.9 times higher
in Yi migrants (23.8%) and 6.3 times higher in Han peo-
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ple (15.2%) than in Yi farmers (2.4%) and assumed,
therefore, lifestyle strongly influenced development of
MS in Han and Yi Chinese. In addition, it is well known
that MS is also influenced by genetic factors. This study
was therefore designed to examine the possible associa-
tion of the ADIPOQ +45 T > G polymorphism with MS
among Han Chinese in Sichuan province of China to fur-
ther explore the mechanisms that may affect MS in Han
Chinese.

MATERIALS AND METHODS

Participants classification and definition

A case-control study comprising of 224 Han Chinese
aged over 20 years living in Xichang City, southwestern
China was carried out based on a cross-sectional survey
from 2007 to 2008.%* Both parents of the study participant
should be of Han ethnicity, and inhabits of the city for
more than five years. The participants included 116 pa-
tients of MS and 108 unrelated controls matched with
regard to age (+ 3 years) and gender.

According to the Chinese Diabetes Society in 2004,
individuals satisfying three or more of the following
components were diagnosed as having the MS: (1) body
mass index (BMI) >25.0 kg/m?; (2) serum levels of tri-
glyceride >150 mg/dL (1.7 mmol/L) and/or serum levels
of high-density lipoprotein-cholesterol (HDL-C) < 35
mg/dL (0.9 mmol/L) in males and <39 mg/dL (1.0
mmol/L) in females; (3) blood pressure >140/90 mmHg
and/or history of treatment for previously diagnosed hy-
pertension; (4) fasting plasma glucose (FPG) >110 mg/dL
(6.1 mmol/L) and/or two-hour plasma glucose (2hPG) >
140 mg/dL (7.8 mmol/L) after meals and/or history of
previously diagnosed T2DM.

This study was approved by the institutional review
board of the Institute of Basic Medical Sciences, Chinese
Academy of Medical Sciences, Beijing. Informed consent
was obtained from all participants.

Measurements

To evaluate demographic, socioeconomic and lifestyle
information, the participants were interviewed by local
trained physicians with a questionnaire that collected data
including age, gender, ethnicity, education, occupation,
family history of related diseases, smoking, drinking, as
well as information related to diagnosis and treatment for
hypertension and diabetes. Education for this study was
categorized into three levels, ie, illiteracy or primary
school, high school and university. Physical activity was
categorized based on the participant’s occupation, as light,
moderate or heavy, respectively. Family history of related
diseases was categorized as any of their biological parents
or siblings with hypertension, diabetes or dyslipidemia.
Smoking was defined as never smoker, or ever smoker if
the subject was a current smoker or a former smoker.
Drinking was defined as never drinking alcoholic bever-
ages, or ever drinker if the subject was a current drinker
or a former drinker.

Blood pressure was measured three consecutive read-
ings after a 10-min resting period in a sitting position to
the nearest 2 mmHg on the right arm using a standard
mercury sphygmomanometer. Both body height and
weight were measured with the participants in light cloth-

ing and without shoes. Obesity was assessed by body
mass index (BMI, as weight in kilograms divided by the
square of height in meters).

Biochemical analysis

Venous blood was obtained after overnight fasting, and
processed at the examination center and then shipped to a
central clinical laboratory in Beijing where all the sam-
ples were kept at -40°C before analysis. FPG level was
measured by the glucose oxidase method. Both of HDL-C
and triglyceride were measured by enzymatic methods.
All biochemical analyses were performed using Hitachi
7600 automatic analyzer (Boehringer Mannheim, Mann-
heim, Germany).

Genotyping of the ADIPOQ +45 T > G polymorphism
The ADIPOQ +45 T > G polymorphism (1s2241766) was
genotyped by polymerase chain reaction (PCR) and re-
striction fragment length polymorphism (PCR-RFLP).
The polymorphism was amplified using the following
primers: forward, 5° -GCAGCTCCTAGAAGTAGAC
TCTGCTG -3’ and reverse, 5° -GCAGGTCTGTGAT
GAAAGAGGCC -3’ (Yingjun Biotech Co Ltd, Shanghai,
China). Polymerase chain reaction was performed in a
total volume of 25 pl mixture containing 2.0 ul DNA, 0.5
pl forward primer, 0.5 pl reverse primer, 0.7 pl deoxynu-
cleotide triphosphate (dNTP), 1.8 ul MgCl,, 2.5ul
10xbuffer, 0.5ul of Taqg DNA polymerase and 16.5 pl of
ddH,0. The amplification conditions were as follows:
94°C for 5 min, followed by 35 cycles of 1 min at 94°C, 1
min at 59°C and 1 min at 72°C, and ending with a single 5
min extension step at 72°C. The PCR products were run
on 2% agarose gels electrophoresis to evaluate overall
amplification efficiency. Then they were digested with
the enzyme Smal (BioLabs Inc., New England, U.S.) at
25°C for 4 hours. Reaction mixture contained the PCR
products 10 pl, 0.3pl of Smal, 2ul 10xbuffer and 8pl
ddH,O. The digestion products were resolved by 3% aga-
rose gel electrophoresis and viewed under an UV transil-
luminator. The TT homozygote yielded the 372 bp uncut
fragment only, the TG heterozygote yielded the 372, 209
and 163bp fragments, while the GG homozygote yielded
the 209 and 163bp fragments.

Statistical analysis

Continuous variables are presented as means + standard
deviation (SD) and difference between the cases and con-
trols was compared using Student’s t-test for normally-
distributed variables or non-parametric Mann-Whitney U-
test for non-normally-distributed ones. Test for Hardy-
Weinberg equilibrium and comparison of allele and geno-
type distribution between MS cases and controls were
assessed by chi-square test. Odds ratios (OR) and their
95% confidence intervals (CI) were calculated using the
Mantel-Haenszel method. Multiple logistic regression
analysis was performed to estimate an association of the
+45 T > G polymorphism with the risk of MS. A p value
less than 0.05 was considered statistically significant. All
data analyses were performed using SAS version 9.2
software (SAS Institute Inc., Cary, NC, USA).

RESULTS
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Demographic characteristics of 116 MS cases and 108
controls are shown in Table 1. Mean age of the cases and
controls were 51.6+11.6 years and 51.8+11.5 years, re-
spectively (p=0.890). The cases had significantly higher
BMI, systolic blood pressure, diastolic blood pressure,
triglyceride and total cholesterol, but lower HDL-C than
those in the controls. No significant differences in FPG
and low-density lipoprotein-cholesterol (LDL-C) between
the two groups were found (p > 0.05).

As shown in Table 2, frequencies of the TT, TG and
GG genotypes were 61.2%, 34.5% and 4.3% in the cases,
and 70.4%, 25.9% and 3.7% in the controls, respectively.
Because only five cases and four controls were homozy-
gous for the rare G-allele, we combined them with those
having the TG genotype in all statistical analysis. Com-
pared with TT, there was no difference in distribution of
the TG, GG and TG+GG genotypic frequencies between
cases and controls. In addition, no difference was ob-
served in frequency of allele between the two groups.
Frequencies of the genotype were in Hardy-Weinberg
equilibrium in both groups.

Results of multiple logistic regression analysis showed
that the ADIPOQ +45 T > G polymorphism was an inde-
pendent risk factor for MS (Figure 1). After adjustment
for education, physical activity, family history of related
diseases, smoking and drinking, carriers of the G allele
(TG+GG) had a 1.88-fold higher risk for developing MS
(OR=1.88, 95% CI: 1.03-3.44, p=0.039) than subjects
with TT genotype.

DISCUSSION

This study showed that the ADIPOQ +45 T > G polymor-
phism was independently associated with MS, and that
the G allele had a corresponding significant association
with the MS.

MS is a complex disorder and its main pathophysi-
ological mechanism is mediated by insulin resistance and
central obesity.**** Insulin resistance is considered to be
at the core of the syndrome, while central obesity is its
most prevalent clinical manifestation.”® Both genetic and
environmental factors contribute to the development of
MS.?"* Some studies have provided evidence that the
ADIPOQ +45 T>G polymorphism is associated with MS
components.'®'® However, a number of studies have
mainly focused on the association of the polymorphism
with one or two components of MS, such as obesity
or/and T2DM. To our knowledge, a limited number of
published work has been found on association of the +45
T > G polymorphism with MS. In addition, environ-
mental factors such as smoking, drinking, physical activ-
ity and family income might have predominantly contrib-
uted to the progression of MS.**?’ Therefore, a case-
control study was designed to adjust confounding effect
of environmental factors on MS.

Age and gender which are independently associated
with MS may confound an association of the ADIPOQ
+45 T > G polymorphism with MS.* Prevalence of MS
varies with gender and increases with increasing age.”**’
Besides, diagnostic criteria for MS for men and women
are different. Therefore, a case-control design is needed

Tablel. Demographic characteristics of the study participants l

Characteristics Cases Controls p-value
(n=116) (n=108)

Age (years) 51.6£11.6 51.8£11.5 0.890
Body mass index (kg/m?) 27.2+2.21 21.5+2.69 <.0001
SBP (mmHg) 144+19.1 112+12.0 <.0001
DBP (mmHg) 93.0£12.2 74.4+8.60 <.0001
FPG (mmol/L) 6.34+3.12 5.59+1.77 0.198
Triglyceride (mmol/L) 3.41+4.06 1.15+0.67 <.0001
Total choldesterol (mmol/L) 5.03+0.99 4.45+0.75 <.0001
HDL-C (mmol/L) 0.95+0.24 1.31+0.29 <.0001
LDL-C (mmol/L) 2.54+1.55 2.62+0.64 0.336

" Data indicated as mean + standard deviation. SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose;
HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol.

Table2. Distribution of the frequencies of the genotype, combined genotype and allele between cases and controls

Cases (n=116)

Controls (n=108)

Genotype/allele n (%) n (%) p-value Odds ratio 95% confidence interval
TT 71 (61.2) 76 (70.4) 1.00
TG 40 (34.5) 28 (25.9) 1.53 0.86-2.74
GG 5(4.3) 4(3.7) 0.349 * 1.347 0.35-5.18
TG+GG 45 (38.8) 32 (29.6) 0.149 ** 1.51% 0.86-2.63
T 182 (78.4) 180 (83.3) 1.00
G 50 (21.6) 36 (16.7) 0.190™"" 1.37° 0.85-2.21

p-value * for the difference in the frequencies of TT, TG and GG genotype between cases and controls
p-value ** for the difference in the frequencies of TT and TG+GG genotype between cases and controls
p-value *** for the difference in the frequencies of the T and G allele between cases and controls

OR'": TG and GG vs. TT
OR*: TG+GG vs. TT
OR%: Gvs. T
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Figurel. Factors related to MS by multiple logistic regression, Han Chinese, China

to match age and gender between MS cases and the con-
trols.

Heid et al ' reported that frequencies of the TG and
GG genotypes were 21% and 1%, respectively in healthy
Caucasian population. We found that frequencies of TG
and GG genotypes were 30% and 4%, respectively in Han
Chinese (data not shown). Furthermore, the +45 T > G
mutation showed higher frequencies of TG and GG geno-
types (41 and 6%, respectively) among Han Chinese in
eastern China, compared with our study.’® This implies
that the +45 T > G mutation rate had a different distribu-
tion among different ethnic and regional populations.
Therefore, case-control studies on an association of the
genotypes with MS among different populations may
show inconsistent results.

In the present study, after adjusting for environmental
factors that may confound expression of the phenotype,
such as education, physical activity, family history of
related diseases, smoking and drinking, our results
showed that the G-allele carriers had an approximately
two-fold higher risk for an association with MS in cases
than that in controls. This finding was consistent with that
found in some of the previous studies. The 45G allele had
a significantly increased risk for obesity and reduced in-
sulin sensitivity in Germans,”' and an increased risk for
T2DM in the Japanese'® and other populations in the
STOP-NIDDM trial.'” However, there are some inconsis-
tent findings showing that the 45G allele appeared to have
a protective role on MS, whereas, +45T allele is likely to
be a risk factor. The +45T allele is a risk factor for devel-
oping obesity and insulin resistance syndrome in Ital-
ians.'®* Similar results have been reported in populations
from Taiwan® and Sweden,* respectively.

These inconsistent results may depend on several caus-
es. First of all, the ADIPOQ gene is only one gene regu-
lating the traits of MS. Moreover, MS is not only associ-
ated with genetic factors, but also with environmental
factors. Dietary intake is recognized as an important envi-
ronmental factor in affecting predisposition to MS, and its
effect on adiponectin concentrations has been reported in
a previous study.” In addition, some studies reported that
an interaction between genetic predisposition and dietary
fat intake may contribute to the development of MS.***’
We, therefore, assume that the effect of a single gene var-
iant on MS will be weak.

Some limitations of this study should be interpreted.
Firstly, the study has a case-control design, therefore we
can’t affirm that after the investigation some control sub-
jects did not develop MS. Secondly, plasma level of adi-
ponectin was not measured and an association of adi-
ponectin level with the ADIPOQ +45 T>G polymorphism
and MS couldn’t be analyzed. Thirdly, only one variant
within the ADIPOQ gene was explored for its association
with MS, and not all of the single nucleotide polymor-
phisms (SNPs) reported in the literature. Therefore, we
can’t explore the effect of gene-gene interactions on MS.
In addition, no detailed information about dietary compo-
nents was available in this study population, so the effect
of gene-diet interactions on the MS can’t be identified.

In conclusion, the ADIPOQ +45 T>G polymorphism is
independently associated with MS, and the G allele has a
significant association with the risk of MS among Han
Chinese. It is implied that the ADIPOQ +45 T>G poly-
morphism may be a genetic contributor to MS.
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