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Abstract:
Adiponectin plays an important role in the development of hypertension, atherosclerosis, and cardiomyocyte hypertrophy, but very little was known about the influence of serum adiponectin or the adiponectin gene
polymorphism on myocardial fibrosis. Our study investigates the influence of the SNP +45 polymorphism of the adiponectin gene and serum levels of adiponectin on myocardial fibrosis in patients with essential hypertension. A
case-control study was conducted on 165 hypertensive patients and 126 normotensive healthy controls. The genotypes of adiponectin gene polymorphisms were detected by the polymerase chain reaction (PCR) method. Serum
concentrations of procollagen were measured by a double antibody sandwich enzyme-linked immunosorbent assay
(ELISA) in all subjects. The integrated backscatter score (IBS) was measured in the left ventricular myocardium using
echocardiography. The serum levels of adiponectin in hypertensive patients were significantly lower than those in the
normal control group ((2.69±1.0) μg/ml vs. (4.21±2.89) μg/ml, respectively, P<0.001). The serum levels of type-I
procollagen carboxyl end peptide (PICP) and type-III procollagen ammonia cardinal extremity peptide (PIIINP) in the
hypertension group were significantly higher than those in the control group. In the hypertension group, serum levels of
adiponectin were significantly and negatively related to the average acoustic intensity and corrected acoustic intensity
of the myocardium (r=0.46 and 0.61, respectively, P<0.05 for both). The serum levels of PICP and PIIINP were significantly different among the three genotypes of SNP +45 (P<0.01). Logistic regression analyses showed that sex and
genotype (GG+GT) were the major risk factors of myocardial fibrosis in hypertensive patients (OR=5.343 and 3.278,
respectively, P<0.05). These data suggest that lower levels of adiponectin and SNP +45 polymorphism of the adiponectin gene are likely to play an important role in myocardial fibrosis in hypertensive patients.
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1 Introduction
Adiponectin is a protein produced and secreted
by the adipocytes that affects the metabolism of the
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human body (Kadowaki et al., 2006; Matsuzawa,
2006; Robinson et al., 2011). Several studies have
demonstrated that adiponectin plays an important role
in the development of hypertension, atherosclerosis,
and cardiomyocyte hypertrophy (Fujita et al., 2008;
Pischon et al., 2011; Ikonomidis et al., 2012). Adiponectin is encoded by the adiponectin gene on
chromosome 3q27 (Guo et al., 2006). Several single
nucleotide polymorphisms (SNPs) in the adiponectin
gene have been shown to be associated with diabetes
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mellitus or insulin resistance syndrome (the metabolic
syndrome) (Hara et al., 2002; Vasseur et al., 2002;
Melistas et al., 2009; Namvaran et al., 2012).
Myocardial fibrosis is one of the important
mechanisms of ventricular remodeling and chronic
heart failure caused by hypertension (Díez, 2008).
However, little is known about the influence of
plasma levels of adiponectin or SNPs in the adiponectin gene on myocardial fibrosis in humans. We
attempt here to elucidate the relationship between the
adiponectin levels and the SNP +45T/G polymorphism of the adiponectin gene with myocardial fibrosis in Chinese hypertensive patients.

2 Materials and methods
2.1 Study population
From September 2008 to December 2011, 165
patients with primary hypertension and 126 normotensive control subjects were recruited into this
study. All these subjects were selected from healthy
physical examination volunteers and no medication
therapies were used in these subjects. All the hypertensive patients met the criteria set by the World
Health Organization/International Society on Hypertension (WHO/ISH) in 1999: systolic blood pressure
(SBP) ≥140 mmHg and/or diastolic blood pressure
(DBP) ≥90 mmHg (Kjeldsen et al., 2002); the below
diseases were excluded: history of cardiovascular
disease or cancer, diabetes mellitus, abnormal liver or
renal function, and thyroid or pituitary disease. The
nomotensive control group comprised healthy volunteers who had no history of heart disease, hypertension, diabetes mellitus, chronic liver disease, or
kidney disease, and no abnormal indices detected by
electrocardiography (ECG), echocardiography, chest
radiography, or analyses of their renal function and
liver function.
2.2
Evaluation of clinical and biochemical
parameters
The body weight and height of all the subjects
were measured to calculate the body mass index
(BMI). Blood pressure (BP) was measured using a
mercury sphygmomanometer during three separate
intervals. Blood was taken in the fasting state. Blood
and levels of the total cholesterol (TC), triglycerides

(TGs), low-density lipoprotein-cholesterol (LDL-C),
high-density lipoprotein-cholesterol (HDL-C), and
plasma glucose were assessed using an automatic
biochemical analyzer. The serum adiponectin level
was measured by radioimmunoassay.
2.3 Measurement of the myocardial integrated
backscatter score
The standard four-chamber view was used to
acquire data. The parameters were set as: depth was
16 cm; probe frequency was 2.5 MHz; total gain was
50 dB; lateral gain compensation (LGC) was set at the
lowest level; mechanic index was 1.6; and the focus
was at the middle of the heart. All the parameters
described above were kept constant throughout the
study. With respect to the acoustic density-integrated
backscatter score (AD-IBS) status, six sites (basal
septum, middle septum, apical septum, basal lateral
wall, middle lateral wall, and apical lateral wall) were
sampled to measure the average image intensity (AII).
The mean AII of the six sites was defined as the average acoustic intensity (AAI). The AII in the left
ventricular cavity (AIILVC) was measured to calculate
the corrected acoustic intensity (CAI) using the following equation: CAI=AAI/AIILVC.
2.4 DNA extraction and genotyping of the SNP
+45T/G polymorphism of the adiponectin gene
Genomic DNA was extracted from frozen whole
blood using a DNA extraction kit (BioTeke Corporation, Beijing, China). Fragments comprising the
45T/G of the adiponectin gene sequence were amplified by the polymerase chain reaction (PCR) using the
forward primer 5′-CTGTTGCTGGGAGCTGTTCT
ACT-3′ and the reverse primer 5′-GATGAAAGAGG
CCAGAAACATTCT-3′ under the conditions described previously (Sabouri et al., 2011). Real-time
fluorescence quantitative PCR was used to detect the
SNPs+45T/G of the adiponectin gene. Primer synthesis, design of the detection probe, and detection
of SNPs+45T/G of the adiponectin gene were completed by the Shanghai GeneCore BioTechnologies,
China.
2.5 Assessment of serum levels of PICP and PΙΙΙNP
The 3-ml blood was taken from patients in the
fasting state. Serum was separated by centrifugation
at 3 000 r/min for 10 min at 4 °C. Serum levels of
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type-I procollagen carboxyl end peptide (PICP) and
type-ΙΙΙ procollagen ammonia cardinal extremity
peptide (PΙΙΙNP) were measured using enzyme-linked
immunosorbent assay (ELISA). The human PICP and
PΙΙΙNP kits were supplied by RapidBio (Beijing,
China).
2.6 Statistical analyses
Continuous data can be defined as the mean±
standard deviation (SD). Differences in continuous
parameters such as levels of PICP and PΙΙΙNP
between the two groups were analyzed using the
non-paired t-test. The frequencies of allelic and
genotypic associations with PICP and PΙΙΙNP and
estimation of the odds ratio (OR) were assessed using
the χ2 test with the TT genotype as the reference
genotype. Multivariate logistic regression was used to
estimate the influence of genotype on myocardial
fibrosis to adjust for other known risk factors for
myocardial fibrosis, including age, sex, BMI, BP,
fasting plasma glucose, current smoking as well as
levels of TC and TGs. P<0.05 was considered
statistically significant. All statistical analyses were
completed using SPSS ver13.0 (SPSS, Chicago, IL,
USA).

3 Results
3.1 Clinical characteristics of the study population
The clinical characteristics of the study
participants are shown in Table 1. Levels of glucose
and TG in the hypertension group were significantly
higher than those in the control group. Also, BMI was
significantly different between the two groups. Serum
adiponectin levels in hypertensive patients were
significantly lower than those in the normal control
group ((2.69±1.00) μg/ml vs. (4.21±2.89) μg/ml,
P<0.001). There were no significant differences
between the two groups with respect to sex, age, and
other indices.
The genotype frequencies of the adiponectin
gene+45T/G polymorphism were in accordance
with the Hardy-Weinberg equilibrium law in the
hypertension group and normal control group using
the genetic equilibrium test (normal control group,
χ2=0.029, P>0.05; hypertension group, χ2=0.503,
P>0.05).

Table 1 Clinical characteristics of the study population
Item
Age (year)
BMI (kg/m2)
Sex, male/female
GLU (mmol/L)
TG (mmol/L)
TC (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)
Serum adiponectin
(μg/ml)
PICP (ng/ml)
PΙΙΙNP (ng/ml)
*

Control group
(n=126)
52.00±10.33
24.65±2.47
59/67
4.96±0.68
1.46±0.53
5.13±1.11
1.61±0.40
3.14±0.97

Hypertension
group (n=165)
53.78±9.29
25.82±2.41*
92/73
5.50±1.21*
1.57±0.75
5.24±1.32
1.59±0.51
3.27±1.21

4.21±2.89

2.69±1.00*

4.12±1.19
66.70±11.72

13.10±6.51*
128.94±56.37*

P<0.001, vs. the control group

3.2 Influence of blood pressure on myocardial
fibrosis
In the hypertension group, the Pearson correlation
analyses showed that the serum adiponectin levels
were negatively and significantly correlated with both
their SBP and DBP (correlation coefficient (r) −0.274
and −0.272, respectively, P<0.05 for both).
Levels of PICP and PΙΙΙNP are considered to be
biochemical markers of myocardial fibrosis (Jellis et
al., 2011). Serum levels of PICP in the hypertension
group were significantly higher than those of the control
group ((13.10±6.51) ng/ml vs. (4.12±1.19) ng/ml,
P<0.001) according to the non-paired t-test. The
serum PΙΙΙNP level of the hypertension group was
significantly higher than that of the control group
((128.94±56.37) ng/ml vs. (66.70±11.72) ng/ml,
P<0.001) (Table 1).
3.3 Relationship between the myocardial integrated
backscatter score, biochemical markers of myocardial fibrosis, and serum levels of adiponectin
In the hypertension group, serum adiponectin
levels were significantly and negatively related to
myocardial AAI and CAI (r=0.46 and 0.61, respectively, P<0.05 for both; Fig. 1). Similarly, serum
adiponectin levels significantly and negatively
correlated with PCIP and PΙΙΙNP (r=0.39 and 0.35,
respectively, P<0.05 for both; Fig. 1). Stepwise
multiple regression analyses showed that serum
adiponectin levels were significantly and negatively
correlated with CAI after adjustment for BP, BMI,

724

Yan et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2013 14(8):721-728

age, left ventricular myocardial mass, and blood
levels of lipids and glucose (Table 2). Also, the
Pearson analysis showed that CAI was significantly
and positively correlated to PICP and PΙΙΙNP levels
(r=0.612 and 0.552, respectively, P<0.001 for both;
Fig. 2).
3.4 SNP +45T/G polymorphism of the adiponectin
gene and biochemical markers of myocardial
fibrosis
Because of the smaller number of cases of the
45GG genotype, the 45TG and 45GG genotypes
Table 2 Stepwise regression analysis of factors influencing CAI
Item

β

R2

F

P

SBP
Adiponectin
DBP
Blood glucose

0.476
0.249
0.160
0.142

0.351
0.21
0.19
0.13

73.41
41.74
32.31
22.13

<0.0001
0.009
0.045
0.065

β: partial regression coefficient

were combined as the 45TG+GG group. In the
hypertension group, the serum level of PICP in the
45TG+GG subgroup was significantly higher than
that in the 45TT subgroup ((16.56±7.73) ng/ml vs.
(10.83±4.14) ng/ml, P<0.001) according to the
non-paired t-test. The serum level of PIIINP in the
45TG+GG subgroup was significantly higher than
that of the 45TT subgroup ((148.15±78.63) ng/ml vs.
(116.32±26.04) ng/ml, P<0.001). However, in the
control group, there were no significant differences in
serum levels of PICP and PΙΙΙNP between the
45TG+GG and 45TT subgroups (P>0.05 for both,
Table 3). Similarly, in the hypertensive group, the
CAI in the 45TG+GG subgroup was significantly
higher than that in the 45TT subgroup ((9.24±3.01)%
vs. (8.12±2.56)%, P=0.02).
The adiponectin level of the 45TT subgroup in
the hypertension patients was significantly higher
than that of the 45TG+GG subgroup (Table 3), but
there was no difference between the 45TT and 45TG+
GG subgroups in normotensive subjects (Table 3).

Table 3 Comparison of PΙCP and PΙΙΙNP levels between different genotypes in hypertension and control groups
Group
Hypertension
Control

TT (n=123)
TG+GG (n=42)
TT (n=102)
TG+GG (n=24)

PΙCP (ng/ml)

PΙΙΙNP (ng/ml)

Adiponectin level (μg/ml)

10.83±4.14
16.56±7.73*
3.79±1.12
4.21±1.10

116.32±26.04
148.15±78.63*
66.27±13.22
67.61±11.09

2.92±0.94
2.03±0.86*
4.26±2.83
4.04±3.05

P<0.001, vs. TT genotype
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Additionally, our results showed that there was
no significant difference in adiponectin levels
between genders (female (3.63±2.19) μg/ml vs. male
(3.49±1.87) μg/ml, P=0.66). Similarly, no significant
differences were detected in the TT and TG+GG
genotypes between genders (TT allele frequency was
73.97% (female) and 74.73% (male), respectively,
P=0.94).
3.5 Association of SNP +45T/G of the adiponectin
gene with myocardial fibrosis
The means of the PICP and PΙΙΙNP levels were
set as the cut-off point to differentiate the severe and
mild fibrosis groups to calculate the OR for certain
risk factors. Hypertensive patients were divided into
two subgroups according to the serum levels of PICP
and PΙΙΙNP: severe fibrosis group (PICP≥13 ng/ml
and/or PΙΙΙNP≥128 ng/ml) and the mild fibrosis group
(PICP<13 ng/ml and PΙΙΙNP<128 ng/ml). The fibrosis
level was set as a dependent variable, and age, sex, BP,
genotype (GG+GT or TT) as well as blood levels of
TGs, LDL-C and HDL-C were set as independent
variables. After adjustment of other risk factors by
logistic regression analyses, sex and genotype could
be entered into the regression equation (OR=5.343
and 3.278, respectively, P<0.04). These data suggest
that sex and genotype could be novel independent risk
factors of myocardial fibrosis in hypertensive patients
(Table 4).
Table 4 Logistic regression analysis of risk factors for
myocardial fibrosis in hypertensive patients
RF
Sex
(male)

B

WV

1.676

8.416

GG+TG 1.187

4.207

SE

OR (95% CI)
P
5.343
0.578
0.004
(1.722, 16.577)
3.278
0.579
0.04
(1.054, 10.191)

RF: risk factor; B: regression coefficient; WV: Wald value; SE:
standard error

4 Discussion
The occurrence and development of myocardial
fibrosis in hypertensive patients have been previously
reported to be related to stress, humoral factors and
inflammatory factors (Kaya et al., 2011). Studies
have shown that angiotensin II (the main active
substance in the renin-angiotensin system) can
stimulate the hypertrophy of the myocardial cells and
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hyperplasia of the cardiac fibroblasts (Castoldi et al.,
2012). However, these results cannot fully explain the
mechanism of myocardial fibrosis caused by high BP
(Kai et al., 2009). Hence, finding other risk factors
which can promote or inhibit myocardial fibrosis is
very important.
Adiponectin is a peptide hormone secreted by
adipocytes (Yamauchi et al., 2001; Robinson et al.,
2011). Several studies have shown that adiponectin
has an important role in the development of
hypertension, atherosclerosis, and cardiomyocyte
hypertrophy (Fujita et al., 2008; Pischon et al., 2011).
Nevertheless, the relationship between adiponectin
levels and myocardial fibrosis has not been clarified.
We used serum levels of PICP and PΙΙΙNP and IBS as
indicators of myocardial fibrosis in vivo to clarify the
influence of serum levels of adiponectin and its gene
polymorphism on myocardial fibrosis (Lin et al.,
2004).
4.1 Relations between hypertension, adiponectin
levels, and myocardial fibrosis
Serum levels of PICP and PΙΙΙNP in hypertensive
patients were significantly higher than those in the
normal control group. This finding suggested that
collagen synthesis has increased in patients with
essential hypertension. High BP could promote
myocardial fibrosis, which is consistent with previous
findings (Devi et al., 2006).
It has been reported that IBS is directly related
to the myocardial collagen volume fraction when
assessed by morphometric analyses (Kosmala et al.,
2012). In the present study, myocardial IBS was used
to represent the degree of myocardial fibrosis. The
results demonstrated that serum levels of adiponectin
were significantly and negatively correlated with
myocardial IBS. Adiponectin plays an important part
in inhibiting collagen synthesis in the heart probably
through adjustment of the metabolism in essential
hypertension.
Our results showed that serum levels of
adiponectin were significantly and negatively
correlated with the markers of myocardial fibrosis
(PICP and PΙΙΙNP). This finding cohered with the
previous study results (Tsai et al., 2008). Therefore,
we speculated that low serum levels of adiponectin
could lead to myocardial fibrosis through an unknown
mechanism. The pathway through which adiponectin

726

Yan et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2013 14(8):721-728

regulates myocardial fibrosis requires further study. It
has been reported that adiponectin can protect against
angiotensin II-induced cardiac fibrosis through activation of peroxisome proliferator-activated receptor α
(PPAR-α) in cultured cells (Fujita et al., 2008). Also,
studies have shown that pressure overload can lead to
concentric cardiac hypertrophy in adiponectin gene
knockout mice (Liao et al., 2005). Those results and
the present study suggest that adiponectin could affect
cardiac remodeling in pathological conditions.
4.2 Relation between polymorphism of the adiponectin gene and myocardial fibrosis
The present study showed that serum levels of
PICP and PIIINP in patients with the TT genotype
were significantly lower than those in individuals
with the GT and GG genotype. Logistic regression
analyses demonstrated that the G allele was significantly and positively associated with myocardial fibrosis independent of known risk factors such as age,
sex, BMI, BP, and blood levels of lipids. The OR of
the G allele at the +45T/G polymorphism for myocardial fibrosis was 3.278 (95% confidence interval
(CI), 1.054–10.191, P=0.04). Furthermore, the “fibrosing” effect of the G allele at the +45T/G polymorphism may be related to lower serum levels of
adiponectin.
Cartegni et al. (2002) proposed that the SNP
+45T/G of exon 2 belongs to the synonymous
mutation G15G. The location of this mutation is close
to the junctions of exons and introns, so silent mutation of this coding district may influence expression
of the adiponectin gene through an mRNA splicing
mechanism. This reduces expression of adiponectin
by down-regulation of RNA levels. In theory, the
mutation of the adiponectin gene could influence the
expression of adiponectin. Therefore, the T allele may
inhibit myocardial fibrosis by increasing adiponectin
levels. Our study showed that there were significant
differences between TT and TG+GG allele in
hypertension, but Mohammadzadeh and Zarghami
(2009) reported that there was no statistical difference
between TT and TG+GG allele in non-diabetic and
type 2 diabetes mellitus patients. Probably the smaller
sample size impacted their study result or there was
the presence of racial differences.

It was reported that female patients had higher
levels of adiponectin (Khabour et al., 2013). However,
our results showed that there were no significant differences between genders. Similarly, no significant
differences were detected in TT and TG+GG genotypes between genders. Our results were in accordance
with Kuo and Halpern (2011). Indeed, there were
many inconsistent results concerning the impact of
genders on adiponectin levels. We inferred that the
probable causes included different race, the sum of
the sample, and complicated disease, etc.
Logistic regression analyses showed that male
patients in the hypertension group had a higher risk of
myocardial fibrosis than female patients. Sex was
another risk factor for myocardial fibrosis in
hypertensive patients (OR=5.343, 95% CI, 1.722–
16.577, P=0.004).
In summary, carriers of the polymorphism of the
adiponectin gene +45TT had lower levels of PICP and
PΙΙΙNP in hypertensive patients. The +45T/G polymorphism of the adiponectin gene was related to
myocardial fibrosis in hypertension patients.
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