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Relationships among adiponectin gene
polymorphisms, proteinuria and increased blood
pressure in the context of placental diseases

Bai Youpeng1,3, Xiong Wei1,3, Lin Wei1, Jia Jin1, Yu Haiyan1, Yang Yuan2 and Zhou Rong1

The etiology and pathogenesis of preeclampsia remain unclear. Little is known about the possible impact of adiponectin gene

polymorphisms on the pathogenesis of preeclampsia. In this study, we analyzed the association of two adiponectin single-

nucleotide polymorphisms (SNPs) with preeclampsia. One hundred eighty-eight Han Chinese pregnant women were enrolled

(81 normal-term, 20 mild preeclampsia and 87 severe cases). Serum adiponectin level, and adiponectin exon 2 SNP +45T/G

(rs2241766) genotype and intron 2 SNP +276G/T genotype (rs1501299) and their allele distributions were tested with

enzyme-linked immunosorbent assay and PCR-restriction-fragment length polymorphism, respectively. There were no significant

differences among the three groups (P40.05) in genotype distribution or allele frequencies of either SNP. Systolic pressure and

24-h urinary protein were lower in TT homozygotes than those in TG+GG patients at SNP +45T/G in the severe preeclamptic

group (Po0.05). Furthermore, blood pressure, serum adiponectin level and 24-h urinary protein were lower in GG homozygotes

than those in TG+TT patients at SNP +276G/T in the severe preeclamptic group (Po0.05). The risk of high blood pressure

(X160/110mmHg) and of high serum adiponectin in T-allele carriers at +276G/T in the severe preeclamptic group were 5.345

and 5.818 times higher, respectively, compared with GG patients. These data suggest that adiponectin +45T/G and +276G/T

polymorphisms are associated with important clinical manifestations of preeclampsia and that polymorphism +276G/T is

associated with serum adiponectin level. Taken together, these findings suggest that adiponectin gene polymorphism is involved

in the pathogenesis of preeclampsia.
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INTRODUCTION

Preeclampsia is a specific vascular disease that increases maternal and
neonatal mortality and morbidity in pregnancy.1 The prevention and
management of preeclampsia are difficult, especially in severe cases,
because the etiology and pathogenesis of preeclampsia are unclear.
Recent studies indicate that the interaction of adiponectin and its
receptors might have a considerable role in the pathogenesis of
preeclampsia2–4 because of their important physiological functions,
including anti-inflammatory, anti-atherosclerotic, vascular endothelial
cell protection and insulin-sensitizing effects.5–8

Numerous single-nucleotide polymorphisms (SNPs) exist in the
human adiponectin gene, located on chromosome 3q27.9 SNPs of the
adiponectin gene have been correlated with insulin resistance, type 2
diabetes, hypertension and cardiovascular diseases.10–16 Because
endothelial dysfunction in the maternal blood vessels and insulin
resistance are present in preeclamptic women and the role of adipo-
nectin SNPs in the pathogenesis of preeclampsia has gone largely
unexplored, we speculated that adiponectin SNPs might be associated

with preeclampsia. Previous research revealed that only SNP276 in
intron 2, but not SNP45 in exon 2, is associated with preeclampsia in
Finnish women.17 Thus, in this study, we used the exon 2 +45T/G
(rs2241766) and the intron 2 +276G/T (rs1501299) SNPs as candidate
gene markers to investigate the relationship between adiponectin
polymorphism and preeclampsia in Chinese women.

METHODS

Subjects
One hundred eighty-eight Han Chinese pregnant women who visited the

Department of Obstetrics and Gynecology, West China Second University

Hospital, Sichuan University, from July 2007 to March 2009 were enrolled. One

hundred seven women with preeclampsia (20 mild cases and 87 severe cases)

according to the criteria of the International Society for the study of

Hypertension in Pregnancy were included. Preeclampsia was defined as the

development of blood pressure higher than 140/90mmHg on two separate

occasions 6 h apart or a single recording of a diastolic pressure of 110mmHg in

association with proteinuria X1 by dipstick testing or proteinuria X300mg
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per 24 h. Subjects were devoid of hemolysis, elevated liver enzymes and low

platelet count (HELLP syndrome). In addition, a total of 81 normal-term

pregnant women were selected as a normal control group during the same

period. The study was approved by the Institutional Ethics Committee of West

China Second University Hospital, Sichuan University. All patients provided

written informed consent.

Information on demographic characteristics of the normal, mild preeclamp-

tic and severe preeclamptic group was recorded. Gestational age was based on

the last menstrual period and/or was confirmed by ultrasound examination

conducted early in the pregnancy. Pre-pregnancy body mass index was

calculated as weight in kilograms divided by height in meters squared (kgm�2).

Exclusion criteria included multiple pregnancy, diabetes, heart diseases, chronic

hypertension, fetal malformation and chronic nephritis.

Blood sample collection
We collected patients’ blood samples from cubital veins and transferred them to

two tubes. One tube was stored at �80 1C to measure adiponectin levels with

an ELISA kit (Phoenix Biotech, Beijing, China) according to the manufacturer’s

instructions. The inter-assay and intra-assay coefficients of variation were

o10% ando15%, respectively. The lower limit of sensitivity was 0.24ngml�1.

Another tube was mixed with EDTA anticoagulant. After low-speed centrifuga-

tion, the precipitated blood cells were stored at �20 1C for genomic DNA

extraction with a centrifugal column (Tiangen Biotech, Beijing, China).

PCR
The genomic DNA was isolated from blood cells. Previously published PCR

primers were used:18 forward primer 5¢-CTGAGATGGACGGAGTCCTTT-3¢,
reverse primer 5¢-CCAAATCACTTCAGGTTGCTT-3¢. A 450 bp specific PCR

product was amplified. The PCR reaction mix was as follows: 34.6ml ddH2O,

5.0ml 10� PCR buffer, 4.0ml dNTP (2.5mM), 3.0ml Mg2+ (25mM), 0.4ml Taq
DNA polymerase (5Uml�1) (Tiangen Biotech), 1.0ml forward primer

(10 pmolml�1), 1.0ml reverse primer (10 pmolml�1), 1.0ml DNA template

(total volume 50ml). The PCR cycling conditions included an initial denatura-

tion at 94 1C for 5min followed by 35 cycles at 94 1C for 30 s, 58.7 1C for 30 s

and 72 1C for 1.0min. We terminated the reaction at 18 1C and stored the PCR

products at 4 1C. Agarose gel (1.5%) electrophoresis was used to detect PCR

products.

Restriction-fragment length polymorphism analysis
The PCR products containing +45T/G and +276G/Twere digested successively

by restriction endonucleases SmaI and BsmI (New England Biolabs, Beijing,

China) at 25 and 65 1C, respectively, for 16h. The digestion included 5ml PCR
product, 0.1ml endonuclease, 1ml 10� buffer, and 3.9ml ddH2O (total 10ml).
For genotype analysis, we ran the endonuclease-digested products in a 3%

agarose gel at 100V for 30min. The results were inspected and photographed

under the ultraviolet lamp of a gel imaging system (Chemi doc XRS, no.

Universal Hood11, Hercules, CA, USA).

The G-allele (CCCGGG) of the adiponectin +45T/G SNP was recognized by

SmaI and digested into two fragments of 315 and 141 bp. After electrophoresis,

DNA with genotype TT appeared as a band of 456 bp, genotype TG as three

bands of 456, 315, and 141 bp and genotype GG as two bands of 315 and

141bp (Figure 1). The G-allele (GAATGC) of SNP +276G/Twas recognized by

BsmI. The G-allele was enzymatically digested into two fragments of 371 and

85 bp. After electrophoresis, genotype TT appeared as a 456-bp band, genotype

TG as three bands of 456, 371, and 85bp and genotype GG as two bands of 371

and 85 bp (Figure 2).

Statistical analysis
The polymorphism allele frequencies were consistent with Hardy–Weinberg

equilibrium. The genotype distribution was analyzed by the w2-test. The

measurement data are expressed as means±s.d. Differences between groups

were evaluated using one-way analysis of variance followed by the Mann–

Whitney U-test and paired or unpaired t-test. Correlation analysis was assessed

by logistic single-factor analysis, and linkage disequilibrium was analyzed by

SHEsis on-line analysis software. A value of Po0.05 was considered statistically

significant.

RESULTS

Demographic characteristics of the three groups
The demographic and clinical characteristics of pregnant women are
shown in Table 1. There were no statistically significant differences
among normal, mild preeclamptic and severe preeclamptic patients in
maternal age, pre-pregnancy body mass index, gestational age at blood
collection or proportions of primiparas, smokers and unmarried
women (all P40.05, Table 1).

Distributions of the adiponectin +45T/G and +276G/T
polymorphisms in the three groups
There were no significant differences in genotype distribution or allele
frequencies of the +45 T/G or +276 G/T SNP among the three groups
(P40.05, Table 2).

Comparison of clinical manifestations and serum adiponectin level
associated with different +45T/G genotypes in the three groups
In the severe preeclamptic group, systolic pressure and 24-h urinary
protein were lower in TT homozygotes than those in G-allele carriers
(TG+GG) at +45T/G. However, neither the mild preeclamptic nor the
normal patients displayed any difference in systolic pressure or 24-h
urinary protein between these two genotype groups. In each clinical

Figure 1 Agarose gel electrophoresis of endonuclease-digested PCR

products containing the adiponectin +45T/G SNP. M: DNA marker; 1: TG

genotype; 2: GG genotype; 3: TT genotype; 4: control.

Figure 2 Agarose gel electrophoresis of endonuclease-digested PCR

products containing the adiponectin +276G/T SNP. M: DNA marker; 1: TT

genotype; 2: TG genotype; 3: GG genotype; 4: control.
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group, no significant difference in serum adiponectin level between
genotype TT and TG+GG was observed (Table 3).

Comparison of clinical manifestations and serum adiponectin level
associated with different +276G/T genotypes in the three groups
In the severe preeclamptic group, systolic pressure, diastolic pressure,
24-h urinary protein and serum adiponectin level were lower in GG
homozygotes than those in T-allele carriers (TG+TT) at +276G/T.
In addition, systolic pressure and diastolic pressure were lower in GG
than those in TG+TT patients in the normal group (Table 4).

Correlations of the +45T/G and +276G/T SNPs and clinical
manifestations with serum adiponectin level in severe preeclampsia
In the severe preeclamptic group, the risk of elevated 24-h urinary
protein (X2 g per 24h) in G-allele carriers was 3.167 (OR) times
higher than that in TT homozygotes at +45T/G. However, at +276G/
T, the risk of elevated 24-h urinary protein (X2 g per 24h) in T-allele
carriers was 5.654 times higher than that in GG homozygotes; the risk
of elevated blood pressure (X160/110mmHg) in T-allele carriers was
5.345 times higher than that in GG homozygotes; and the risk of
elevated serum adiponectin in T-allele carriers was 5.818 times higher
than that in GG homozygotes.

DISCUSSION

Vascular endothelial cells secrete a variety of vasoactive substances to
maintain the homeostasis of the vascular system during normal
pregnancy by controlling local or systemic vascular tone, participating
in the intravascular hemostatic process and regulating vascular
smooth muscle cell proliferation.19,20 However, in patients with
preeclampsia, damage to endothelial cells is evident in the early stages
of pregnancy.21,22 During the pregnancy, more vasoconstrictors (such
as endothelin and angiotensin) are synthesized and secreted in these
patients, whereas vasodilators (such as NO, PGI2 and PGE) are
reduced. This process eventually leads to increased vascular perme-
ability and blood concentration. In the clinic, the patients may show a
series of manifestations, such as high blood pressure and protein-
uria.23,24

As a vasoactive substance reacting with its specific receptors
(AdipoR1 and AdipoR2), adiponectin has important physiological
roles, such as protecting vascular endothelial cells, increasing insulin
sensitivity, inhibiting inflammation and inhibiting atherosclerosis.

Table 1 Demorgraphic characteristics of the three groups

Mild pre-

eclampsia

Severe pre-

eclampsia Normal

n 20 87 81

Years 30.9±5.8 30.9±6.0 30.0±4.5

Pre-pregnancy body mass index

(kg m�2)

22.5±2.9 21.6±2.4 20.1±1.8

Gestational weeks at collecting blood 35.4±1.2 34.9±1.6 35.4±1.2

Primiparas (%) 16 (80.0) 70 (80.5) 66 (81.5)

Smoking (%) 0 (0) 0 (0) 0 (0)

Unmarried (%) 0 (0) 0 (0) 0 (0)

Table 2 The distribution and allele frequencies of adiponectin gene

at +45T/G and +276G/T

Mild preeclampsia

(n¼20)

Severe preeclampsia

(n¼87)

Normal

(n¼81)

+45T/G Gene types (%)

TT 0.75 (15) 0.68 (59) 0.65 (53)

TG 0.2 (4) 0.25 (22) 0.33 (27)

GG 0.05 (1) 0.07 (6) 0.01 (1)

TG+GG 0.25 (5) 0.32 (28) 0.35 (28)

Allele frequencies (%)

T 0.85 (34) 0.81 (140) 0.82 (133)

G 0.15 (6) 0.20 (34) 0.18 (29)

+276G/T Gene types (%)

GG 0.2 (4) 0.17 (15) 0.24 (19)

TG 0.6 (12) 0.55 (48) 0.61 (49)

TT 0.2 (4) 0.28 (24) 0.16 (13)

TG+TT 0.8 (16) 0.83 (72) 0.77 (62)

Allele frequencies (%)

T 0.5 (20) 0.55 (96) 0.54 (87)

G 0.5 (20) 0.45 (78) 0.46 (75)

Table 3 Clinical manifestations and serum adiponectin levels of different genotypes of adiponectin gene at +45T/G in the three groups

Severe Mild Normal

Manifestations TT (n¼59) TG+GG (n¼28) TT n(¼15) TG+GG n(¼5) TT (n¼53) TG+GG (n¼28)

Delivery weeks 34.4±3.3 34.8±2.7 36.6±2.8 36.5±3.7 38.0±2.4 39.6±0.5

SBP (mm Hg) 146.0±14.8 154.4±11.6* 138.2±14.1 149.8±22.3 114.9±12.2 115.1±11.0

DBP (mmHg) 94.2±11.9 93.7±15.6 89.1±11.1 88.2±12.3 71.3±9.2 72.7±10.1

Serum blood urea (mmol l�1) 5.3±2.3 5.4±2.5 3.9±1.9 5.5±3.4 3.4±1.1 3.2±1.4

Serum creatinine (mmol l�1) 65.6±21.3 69.2±26.9 52.9±28.4 58.0±18.4 51.2±20.0 38.8±13.0

Serum albumin (g l�1) 28.3±5.5 27.7±5.4 32.0±5.4 30.8±2.7 34.3±6.7 34.3±3.3

Birth weight (g) 2112.8±724.8 2096.7±731.0 2637.0±761.8 3137.0±1156.4 3298.9±581.9 3221.7±236.9

Birth length (cm) 42.0±4.8 42.4±4.1 45.1±4.1 45.4±7.3 49.3±2.3 49.3±0.6

Urine protein (g per 24 h) 3.5±2.0 4.8±2.6** 1.6±0.4 1.4±0.6 — —

Serum adiponectin (ngml�1) 4963.4±2871.7 4387.7±2460.2 5190.4±102.7 3830.7±2927.3 3747.5±1182.4 4152.7±1221.4

Abbreviations: DBP, diastolic blood pressure at collecting samples; SBP, systolic blood pressure at collecting samples.
*P¼0.018 when compared with TT genotypes in severe preeclamptic group.
**P¼0.017 when compared with TT genotypes in severe preeclamptic group.
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By measuring plasma adiponectin in 1842 pregnant women in early
pregnancy and tracking the outcomes of their pregnancies, D’Anna
et al.4 found that plasma adiponectin in patients with preeclampsia
was lower than in pregnancy-induced hypertension patients and
normal patients. Ramsay et al.25,26 also found that plasma adiponectin
was significantly higher in preeclampsia compared with normal
controls, although the adiponectin level was unrelated to adiponectin
mRNA expression in the placenta. Ramsay et al.25 further suggested
that adiponectin accumulation may be due to the increased synthesis
following enhanced nonspecific lipolytic effects or increased use of
fat, instead of excretion of it. This result suggested that the elevation
of adiponectin was a physiological response to avoid damage to
endothelial cells. Our preliminary study also indicated that plasma
adiponectin in preeclamptic patients was significantly lower than in
normal pregnant women.2 Although the studies about serum
adiponectin level in preeclampsia and normal pregnancy are not
consistent, significant differences have been seen between normal
pregnancies and preeclampsia cases. This finding suggested to us
that adiponectin could regulate vascular endothelial cell function
during normal pregnancy and might be involved in the pathogenesis
of preeclampsia.
The human adiponectin gene is located on chromosome 3q27 and

has a total length of about 17 kb, including three exons and two
introns. The +276G/T SNP in the adiponectin gene has been asso-
ciated with higher body mass index (Po0.01), plasma insulin
(Po0.02) and HOMA(IR) (Po0.02).13 Compared with a normal
glucose tolerance group, type 2 diabetes patients have been found to
include more TG+GG genotypes at +45T/G, and type 2 diabetes
patients carrying the G-allele had a lower insulin sensitivity index and
higher insulin resistance index.27 The adiponectin +276G/T SNP has
been significantly correlated with the incidence of coronary heart
diseases.15 Moreover, homozygous individuals have a higher risk of
coronary heart diseases.28 In addition, one study demonstrated that
plasma adiponectin concentration was markedly lower in TC genotype
carriers at the adiponectin SNP 164 I/T, and most of them had high
blood pressure.29 These observations suggest that adiponectin gene
polymorphism is closely linked to vascular diseases. Another study in
Denmark found that at +276G/T, a TT genotype reduced the

incidence of preeclampsia compared with TG+GG. In addition,
differences in genotype distribution and allele frequency at this SNP
between the two groups were significant; for the exon 2 +45T/G, there
were no significant differences in genotype distributions or allele
frequencies between the two groups.17 Recently, another study in
Czech Caucasians reported that although no significant associations
were detected between the adiponectin T94G SNP and any of the
biomarkers related to preeclampsia, such as gestational hypertension
and proteinuria, the T94G polymorphism was significantly associated
with a low birth weight in preeclamptic pregnancies.30

In our study, we compared the adiponectin +45T/G and +276G/T
polymorphisms between Han Chinese pregnant women with and
without preeclampsia. We found no significant difference in +45T/G
or +276G/T genotype distribution or allele frequencies among mild
preeclamptic, severe preeclamptic and normal patients (P40.05). We
speculate that this result might be related to differences in adiponectin
gene polymorphism in different populations and also to the relatively
small study population. However, our data are partially in agreement
with other studies demonstrating that +45T/G and +276G/T are
associated with many important clinical manifestations, such as
blood pressure and 24-h urinary protein, in patients with preeclamp-
sia. These data suggest that the +45T/G and +276G/T polymorphisms
may be involved in preeclampsia.
Interestingly, we found that in the normal group, systolic pressure

and diastolic pressure (and, in the mild preeclamptic group, serum
creatinine and albumin) showed significant differences between GG
homozygotes and TG+TT patients at +276G/T. We speculate that
these results might be due to the small sample size of our study.
Further investigation is needed.
Previous reports have shown that in type 2 diabetic patients, the

G-allele of +276G/T is associated with low adiponectin level.31 An
investigation of the relationship between adiponectin SNPs �11377C/G,
�4041A/C, +45T/G, and +276G/T and serum adiponectin level also
found that only +276G/Twas correlated with serum adiponectin level
and that TT homozygotes had higher adiponectin levels.32 In accor-
dance with these findings, we discovered that in the severe preeclamp-
tic group, only the +276G/T, but not the +45T/G, polymorphism was
associated with elevated serum adiponectin.

Table 4 Clinical manifestations and serum adiponectin levels of different genotypes of adiponectin gene at +276 G/T in the three groups

Severe Mild Normal

Manifestations GG (n¼15) TG+TT (n¼72) GG (n¼4) TG+TT (n¼16) GG (n¼19) TG+TT (n¼62)

Delivery weeks 35.6±2.6 34.4±3.2 35.2±3.4 36.9±2.8 39.0±0.8 37.9±2.8

SBP (mm Hg) 137.5±8.5 152.0±13.8* 136.6±15.6 139.3±1.0 109.8±12.1 116.4±11.2y

DBP (mm Hg) 83.2±8.6 95.5±11.4** 87.9±10.8 89.0±6.0 67.7±8.6 72.9±9.5yy

Serum blood urea (mmol l�1) 4.6±1.2 5.4±2.5 6.0±3.3 3.8±2.0 3.8±1.4 3.1±0.9

Serum creatinine (mmol l�1) 55.7±16.7 67.5±23.9 48.1±18.5 78.8±39.1z 51.4±14.0 45.8±22.4

Serum albumin (g l�1) 29.8±4.2 28.0±5.6 32.7±4.4 27.5±4.5zz 35.3±8.7 33.5±3.3

Birth weight (g) 2413.3±751.4 2060.2±697.9 2388.8±840.6 2855.3±879.2 3445.0±492.9 3161.4±520.9

Birth length (cm) 44.3±4.4 41.8±4.5 43.3±5.7 45.7±4.7 49.8±1.9 49.0±2.2

Urine protein (g per 24 h) 1.7±1.4 3.9±2.1ww 1.9±0.1 1.5±0.5 — —

Serum adiponectin (ngml�1) 3112.9±1320.8 5077.8±2836.5w 3404.8±886.7 4009.3±2952.7 3850.5±1241.9 3892.7±1201.2

Abbreviations: DBP, diastolic blood pressure at collecting samples; SBP, systolic blood pressure at collecting samples.
*P¼0.002 when compared with GG genotypes in severe preeclamptic group.
**P¼0.005 when compared with GG genotypes in severe preeclamptic group.
wwP¼0.003 when compared with GG genotypes in severe preeclamptic group.
wP¼0.046 when compared with GG genotypes in severe preeclamptic group.
zP¼0.03 when compared with GG genotypes in mild preeclamptic group.
zzP¼0.050 when compared with GG genotypes in mild preeclamptic group.
yP¼0.032 when compared with GG genotypes in normal group.
yyP¼0.037 when compared with GG genotypes in normal group.
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In conclusion, this cross-sectional study shows that adiponectin
gene +45T/G and +276G/T polymorphisms were associated with
important clinical manifestations of preeclampsia; the +276G/T poly-
morphism was also closely associated with elevated serum adipo-
nectin. Our results indicate that adiponectin gene polymorphism
might be related to preeclampsia. Because this was only a small-
scale cross-sectional study of adiponectin gene polymorphism in Han
Chinese preeclamptic patients, the relationship between adiponectin
gene polymorphism and preeclampsia should be validated in multi-
center, large-scale, prospective studies.
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