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Abstract: The association between the estrogen receptor α gene (ESR1) PvuII polymorphism (c.454-397T>C) and
coronary artery disease (CAD) is controversial. Thus, we conducted a meta-analysis to evaluate the relationship. Data
were collected from 21 studies encompassing 9926 CAD patients and 16 710 controls. Odds ratios (ORs) with 95%
confidence intervals (CIs) were used to assess the relationship between PvuII polymorphism and CAD. The polymorphism in control populations in all studies followed Hardy-Weinberg equilibrium. We found a significant association
between ESR1 PvuII polymorphism and CAD risk in all subjects. When the data were stratified by region, a significant
association between ESR1 PvuII polymorphism and CAD risk was observed in Asian populations but not in Western
populations. The current study suggests that ESR1 PvuII polymorphism has an important role in CAD susceptibility.
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1 Introduction
Coronary artery disease (CAD) is the most
common chronic disease in humans and has extremely complex etiology. Epidemiological studies
demonstrated that the incidences of CAD and sequelae such as myocardial infarction (MI) are lower in
pre-menopausal women than in age-matched men
(Tunstall-Pedoe et al., 1999). However, cardiovascular morbidity and mortality increase sharply after the
onset of menopause, suggesting that endogenous
‡
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estrogen protects women against CAD (Gurevitz et
al., 2000). Clinical trials of postmenopausal estrogen
therapy in CAD have yielded mixed results. Results
from a study of nurses suggested that women who
used postmenopausal hormones had a lower mortality
than non-users (Grodstein et al., 1997). In particular,
there was a reduction in death due to coronary heart
disease (Grodstein et al., 1997). However, the results
from a randomized controlled primary prevention
trial, the Women’s Health Initiative Trial, showed
that the regimen of estrogen plus progestin brought
more health risks than benefits, and indicated that
hormone therapy did not decrease the risk of cardiovascular events in women with CAD (Rossouw et al.,
2002). These findings underscore the complexity of
the cardiovascular effects of estrogen and support the
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need for a better understanding of its role in cardiovascular biology and of population-level genetic
variation in the sex steroid hormone system. It has
been suggested that the cardiovascular functions of
estrogen depend on estrogen receptors α (ERα) and β
(ERβ) encoded by separate genes, ESR1 and ESR2,
respectively (Mendelsohn and Karas, 2005). ERα
plays a more important role than ERβ in cardioprotection, and is involved in vasodilation (Figtree et al.,
2003), attenuation of cardiac cell apoptosis (Wang et
al., 2010; Liu et al., 2011), and stimulation of neovascularization (Hamada et al., 2006; Jesmin et al.,
2010).
ESR1, located on chromosome 6, locus 6q24q27, comprises eight exons and seven introns. There
are two common site polymorphisms in the first intron, located at the recognition sites of the restriction
enzymes known as PvuII and XbaI, respectively
(Mansur et al., 2005; Rokach et al., 2005). The PvuII
polymorphism, also known as c.454-397T>C or
rs2234693, results from a T/C transition (Yaich et al.,
1992). ESR1 PvuII polymorphism might affect ESR1
gene expression by altering the binding of transcription factors (Herrington et al., 2002) and influencing
the splicing of the ESR1 gene. Previous studies have
suggested that the PvuII polymorphism is related to
many diseases, such as breast cancer (St-Hilaire et al.,
2011), hypertension (Peter et al., 2005), blood lipid
changes (Klos et al., 2008), and coronary atherosclerosis (Figtree et al., 2009).
The relationship between the ESR1 gene PvuII
polymorphism and cardiovascular disease is still
controversial. Shen et al. (2012) showed that it conferred an increased risk of CAD in Chinese men.
Almeida and Hutz (2006) also suggested that the
ESR1 PvuII polymorphism was associated with CAD
severity independent of gender. However, Matsubara
et al. (1997) found no significant association between
the ESR1 c.454-397T>C polymorphism and CAD in a
Japanese population. Similarly, a large study with
3657 patients and 1211 controls, from a predominantly European population, showed that the genotype distribution of the ESR1 PvuII polymorphism
was not significantly different between the case and
control groups (Koch et al., 2005). Overall, the current evidence on the link between ESR1 PvuII polymorphism and CAD risk is inconsistent. In addition,

individual studies have been limited by small sample
sizes and often involved populations of a single ethnicity. Therefore, we performed a meta-analysis of 21
studies, aiming to summarize and clarify the relationship between ESR1 PvuII polymorphism and
CAD risk.

2 Materials and methods
2.1 Search methods and selection criteria
The present meta-analysis followed the preferred
reporting items for systematic reviews and metaanalyses (PRISMA) criteria. Relevant studies published or presented up to 30th May 2013 were
searched in several sources including MEDLINE,
Cochrane database, Embase, PubMed, SinoMed
(China Biological Medicine Database), and CNKI
(China National Knowledge Infrastructure). We used
various combinations of the following keywords and
MeSH (Medical Subject Headings) terms: “estrogen
receptor”, “estrogen”, “receptor”, “polymorphism”,
“gene”, “coronary artery disease”, “CAD”, and “cardiovascular”. To search as completely as possible, we
also retrieved potential studies via “related articles” in
the identified articles. The relevant studies included in
this meta-analysis had to meet all the following inclusion criteria: (1) They used a case-control design
or cohort or cross-sectional study design; (2) They
were studies of human subjects without country and
language restrictions; (3) If studies were performed
by the same researchers, the one with the largest
sample size was selected; (4) The studies provided
sufficient data of genotype and allele frequencies for
analysis; (5) The genotype distribution of the control
group had to correspond with Hardy-Weinberg equilibrium (HWE).
CAD was defined as angiographic evidence of
≥50% stenosis in at least one coronary artery or major
branch segment together with clinical symptoms of
angina, and/or acute coronary syndrome (ACS), including unstable angina pectoris, fatal or non-fatal MI
confirmed by objective clinical evidence, such as the
presence of typical electrocardiographic changes and
elevation in the levels of cardiac biomarkers of necrosis (Wright et al., 2011; Jneid, 2012). The selection process is shown in Fig. 1.
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2.3 Quality assessment
Two reviewers (J. DING and X. YIN) independently assessed the quality of the included studies,
according to a set of criteria (Table 3) modified on the
basis of previous studies (Thakkinstian et al., 2005;
Camargo et al., 2006). Scores ranged from 0 to 13,
with 0 as the lowest and 13 as the highest quality.
2.4 Statistical analysis

Fig. 1 Flow chart of the selection process used for the
meta-analysis of the relationship between ESR1 PvuII
polymorphism and CAD risk

2.2 Data extraction
To extract sufficient and useful data from the
articles included in this meta-analysis, we reviewed
the full text of eligible studies. Characteristics of the
studies were gathered including the name of the first
author, year of publication, country, type of study
design, sample size, mean age, source of the control
population, method of genotyping, criteria for matching between case and control, quality score of each
study, and HWE of control groups (Table 1). The
distribution of genotype and allele frequencies in each
study, the sample sizes of cases and controls, and the
P-values of the HWE of control groups are summarized in Table 2. Data were carefully extracted independently by two reviewers (X.G. GUO and J. DING)
according to the eligibility criteria listed above. When
the two investigators made different recommendations about a particular study, either they reached a
consensus by discussion, or another reviewer intervened to make a decision.

To investigate the association of PvuII polymorphism and CAD, we performed the meta-analysis
using a series of models, including allele genetic
model (C vs. T), homozygote comparison (CC vs.
TT), dominant genetic model (CC/CT vs. TT), and
recessive genetic model (CC vs. CT/TT) separately.
Odds ratios (ORs) and corresponding 95% confidence
intervals (CIs) were calculated to measure the
strength of the relationship between PvuII polymorphism and CAD. We conducted chi-square-based Qtests to assess the heterogeneity among different
studies (Higgins and Thompson, 2002). The index I2
was used to quantify the effect of heterogeneity. The
value of I2 indicates the percentage of variation
caused by heterogeneity rather than by chance among
the studies (Higgins et al., 2003). If the P-value of a
Q-test was not larger than 0.1, we used a randomeffect model to test the existence of significant heterogeneity. Otherwise, we chose a fixed-effect model
(Cochran, 1968). We also performed sensitivity analyses and meta-regression analysis to evaluate the
heterogeneity more clearly. A P-value of less than 0.1
was considered to be significant.
The HWE of control groups was examined using chi-square tests. The genotype distributions and
allele frequencies of control populations were considered to be consistent with HWE if the P-value
was less than 0.05. Funnel plot, Egger’s linear regression (Egger et al., 1997), and Begg’s test (Begg
and Mazumdar, 1994) were used to estimate potential publication bias. P-values of less than 0.05 from
Egger’s test and Begg’s test indicated that publication bias existed.
Statistical analysis was performed using Review
Manager (RevMan) 5.2 (http://ims.cochrane.org/
revman/download) and STATA11.0 (STATA Corp.,
College Station, Texas, USA).
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China

China

Almeida and Hutz (2006)

Cheng et al. (2006)

Li et al. (2006)

China

China

Yilmaz et al. (2007)

Tang et al. (2008)

Xu et al. (2008)

Case-control

China

539 (46.4)

236 (28.4)

423 (25.0)
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210 (31.4)
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2495 (27.8)
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54 (100.0)
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M: 59.0±11.2
F: 58.0±8.8
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9.0

11.0
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7.0
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8.0
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Y

Y

Y
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Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y
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M: male; F: female; PB: population-based; HB: hospital-based; PCR: polymerase chain reaction; RFLP: restriction fragment length polymorphism; BMI: body mass index; HWE: HardyWeinberg equilibrium; Y: genotype distribution and allele frequency of control group followed HWE. * This study was excluded because of its criterion for diagnosis of CAD (Gensini score>6)
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Case-control
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Case-control
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Lluís-Ganella et al. (2009)

Cross-sectional
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Case-control

Case-control

Case-control

Case-control

Case-control

Case-control

Case-control

Case-control

Case-control

Case-control

Case-control

Cohort study

Cohort study

Case-control

Case-control

Karadağ et al. (2009)

Iran

Turkey

Kjaergaard et al. (2007)

Boroumand et al. (2009)

Greece

Denmark

Alevizaki et al. (2007)

*

Brazil

USA

Mansur et al. (2005)

China

Zheng (2002)

Shearman et al. (2003)

Germany

Japan

Lu et al. (2002)

Netherlands

Case-control

China

Huang et al. (2002)

Koch et al. (2005)

Case-control

China

Guo et al. (2002)

Case-control

Japan

Matsubara et al. (1997)

Type of study

Country

Study

Schuit et al. (2004)
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Table 1 Main characteristics of relevant studies selected for meta-analysis
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Table 2 Summarization of the distribution of genotype and allele frequencies, the sample sizes of cases and controls,
and the P-values of the HWE of control groups
Included study
Matsubara et al. (1997)
Guo et al. (2002)

Group
Case

87

Genotype
TT
27

Allele (%)

TC
47

CC
13

T
58.0

C
42.0

Control

94

34

46

14

60.6

39.4

Case

72

10

42

20

43.1

56.9

Control
Huang et al. (2002)

Sample
size

Case

53

23

23

7

65.1

34.9

135

80

41

14

74.4

25.6

Control

118

51

54

13

66.1

33.9

Lu et al. (2002)

Case

119

35

50

34

50.4

49.6

Control

176

67

74

35

59.1

40.9

Zheng (2002)

Case

51

9

35

7

52.0

48.0

Control
Shearman et al. (2003)

Case
Control

Schuit et al. (2004)
Koch et al. (2005)
Mansur et al. (2005)
Almeida and Hutz (2006)
Cheng et al. (2006)
Li et al. (2006)
Alevizaki et al. (2007)
Kjaergaard et al. (2007)
Yilmaz et al. (2007)

Case

Xu et al. (2008)
Karadağ et al. (2009)

30

6

61.1

38.9

86

42

52.2

47.8

1561

475

776

310

55.3

44.7

440

87

216

137

44.3

55.7

5968

1305

2958

1705

46.6

53.4

Case

3657

1074

1781

802

53.7

46.3

Control

1211

360

595

256

54.3

45.7

Case

153

17

85

51

38.9

61.1

Control

142

26

69

47

42.6

57.4

Case

210

72

96

42

57.1

42.9

Control

143

54

72

17

62.9

37.1

Case

200

65

92

43

55.5

44.5

Control

190

67

85

38

57.6

42.4

Case

165

33

88

44

46.7

53.3

Control

80

21

36

23

48.8

51.3

Case

87

25

45

17

54.6

45.4

Control

70

32

31

7

67.9

32.1

Case

2495

740

1268

487

55.1

44.9

Control

4447

1296

2237

914

54.3

45.7

168

8

117

43

39.6

60.4

Case
Case

99

22

53

24

49.0

51.0

161

48

76

37

53.4

46.6

Control

158

46

79

33

54.1

45.9

Case

210

92

88

30

64.8

35.2

Control

174

82

78

14

69.5

30.5

Case

140

40

68

32

52.9

47.1

Control
Lluís-Ganella et al. (2009)

Case

Jin et al. (2010)

Case

Control

Shen et al. (2012)

18
50

Control

Control
Tang et al. (2008)

54
178

47

8

29

10

47.9

52.1

423

117

231

75

55.0

45.0

1269

383

636

250

55.2

44.8

236

84

105

47

57.8

42.2

Control

117

49

57

11

66.2

33.8

Case

539

245

226

68

66.4

33.6

Control

539

274

217

48

71.0

29.0

P of
HWE
0.81
0.74
0.82
0.08
0.21
0.83
0.74
0.73
0.94
0.34
0.25
0.37
0.90
0.37
0.48
0.93
0.44
0.11
0.63
0.33
0.59
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Table 3 Scale for quality assessment
Criteria
Score
Representativeness of cases
Consecutively/randomly selected from case
2
population with clearly defined sampling frame
Consecutively/randomly selected from case
1
population without clearly defined sampling frame
or with extensive inclusion/exclusion criteria
0
No method of selection described
Representativeness of controls
2
Population-based or community-based
Both population-based and hospital-based/
1.5
healthy volunteers/blood donors
1
Hospital-based controls without CAD
0
Not described
Ascertainment of CAD
Clearly described objective criteria for diagnosis
2
of CAD, histological confirmation
Diagnosis of CAD by patient self-report or by
1
patient history
0
Not described
Ascertainment of controls
2
Controls were tested to screen out CAD
Controls were subjects who did not report CAD:
1
no objective testing
0
Not described
Genotyping examination
1
Genotyping done under “blinded” condition
0
Unblinded or not mentioned
Hardy-Weinberg equilibrium
2
Hardy-Weinberg equilibrium in control group
1
Hardy-Weinberg disequilibrium in control group
0
No checking for Hardy-Weinberg equilibrium
Association assessment
Assess association between genotypes and CAD
2
with appropriated statistics and adjustment for
confounders
Assess association between genotypes and CAD
1
with appropriated statistics without adjustment
for confounders
0
Inappropriate statistics used

3 Results
3.1 Characteristics of studies
After searching the electronic databases as described above, we identified a total of 159 potentially
relevant studies. According to the inclusion criteria
defined previously, 21 eligible studies with sufficient
data were finally included in this meta-analysis (Fig. 1).
The study by Boroumand et al. (2009) was excluded
because CAD was diagnosed by the Gensini score.

The characteristics of the relevant studies are described in Table 1. In all studies, blood samples were
used to determine genotypes. The genotype distributions and allele frequencies of these studies are
summarized in Table 2. Based on the P-values of the
HWE of control groups, no study was found to be in
disequilibrium.
Eleven of the 21 selected studies consisted of
1975 CAD patients and 1753 controls from the Asian
region (Matsubara et al., 1997; Guo et al., 2002;
Huang et al., 2002; Lu et al., 2002; Zheng, 2002;
Cheng et al., 2006; Li et al., 2006; Tang et al., 2008;
Xu et al., 2008; Jin et al., 2010; Shen et al., 2012).
The remaining 10 studies with 7951 patients and
14 957 controls were from Western countries (Shearman et al., 2003; Schuit et al., 2004; Koch et al., 2005;
Mansur et al., 2005; Almeida and Hutz, 2006; Alevizaki et al., 2007; Kjaergaard et al., 2007; Yilmaz et
al., 2007; Karadağ et al., 2009; Lluís-Ganella et al.,
2009). Both population-based (PB) and hospitalbased (HB) studies were included in the analysis.
Thirteen studies were PB (Matsubara et al., 1997;
Huang et al., 2002; Shearman et al., 2003; Schuit et
al., 2004; Koch et al., 2005; Mansur et al., 2005;
Cheng et al., 2006; Almeida and Hutz, 2006;
Kjaergaard et al., 2007; Tang et al., 2008; Xu et al.,
2008; Lluís-Ganella et al., 2009; Shen et al., 2012),
six were HB (Lu et al., 2002; Zheng, 2002; Li et al.,
2006; Alevizaki et al., 2007; Yilmaz et al., 2007;
Karadağ et al., 2009), and the others had both PB and
HB controls (Guo et al., 2002; Jin et al., 2010).
3.2 Main results of the meta-analysis
We used four inheritance models of ESR1 PvuII
separately to investigate the potential association
between ESR1 PvuII polymorphism and CAD risk.
When all the eligible studies were pooled into the
analysis, the association between PvuII polymorphism and CAD was significant under the allele genetic model (C vs. T: OR=1.14, 95% CI=1.05–1.23,
P=0.002, I2=56%, PHeterogeneity=0.0009) (Fig. 2a), homozygote comparison (CC vs. TT: OR=1.36, 95% CI=
1.14–1.62, P=0.0005, I2=60%, PHeterogeneity=0.0003)
(Fig. 2b), dominant genetic model (CC+CT vs.
TT: OR=1.20, 95% CI=1.05–1.38, P=0.007, I2=64%,
PHeterogeneity<0.0001) (Fig. 2c), and recessive genetic
model (CC vs. CT+TT: OR=1.15, 95% CI=1.03–1.28,
P=0.02, I2=31%, PHeterogeneity=0.08) (Fig. 2d).
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(a)

(c)

249

(b)

(d)

Fig. 2 Forest plots of the association of ESR1 PvuII polymorphism and CAD risk in total population
(a) Allele genetic model (C vs. T); (b) Homozygote comparison (CC vs. TT); (c) Dominant genetic model (CC+CT vs. TT);
(d) Recessive genetic model (CC vs. CT+TT)

3.3 Heterogeneity test and sensitivity analysis
Q-test and I2 index were used to evaluate the
heterogeneity in each genetic model. The heterogeneity among different studies was significant in most
models (P<0.1). To explore the potential sources of
heterogeneity among studies, we performed a metaregression. According to the characteristics of studies
included in our meta-analysis, we considered the
following as potential confounding factors: publication year, region of study population, source of population of control group, total sample size of study
population, and ratio of CAD group sample size to
control group sample size (RR). Among these factors,
the source of the control group (P=0.03) might have

contributed to the heterogeneity. The low heterogeneity seen in subgroup analysis by source of control
supports this explanation.
Sensitivity analysis, carried out by excluding
each study sequentially in the allele genetic model (C
vs. T), showed that the studies by Guo et al. (2002)
and Kjaergaard et al. (2007) might have contributed
to the heterogeneity. When we omitted these two
studies from allele genetic model (I2=56%, OR=1.14,
95% CI=1.05–1.23), the heterogeneity among the
remaining studies decreased markedly (I2=48% after
deleting the study of Kjaergaard et al. (2007), and
I2=46% after omitting the study of Guo et al. (2002)).
We also assessed whether each individual study influenced the pooled ORs by sequential omission of
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individual studies. No individual study seemed to
affect the results significantly in the total population
(Fig. 3).
3.4 Subgroup analysis
To investigate whether the association between
ESR1 PvuII polymorphism and CAD varies among
different populations, we performed subgroup analysis based on the region of origin of the study population. We found an increased risk of CAD in Asian
populations under the allele genetic and recessive
genetic models (for C vs. T: OR=1.20, 95% CI=
1.04–1.39, I2=51.9%; for CC vs. CT+TT: OR=1.36,
95% CI=1.13–1.63, I2=1.4%) (Table 4). In contrast,
no significant relationship was observed between
PvuII polymorphism and CAD in Western populations (Table 4).

In the subgroup analysis stratified by source of
control, we found an increased risk of CAD in HB
studies (OR=1.3, 95% CI=1.07–1.59) and in studies
with both PB and HB controls (OR=1.81, 95% CI=
1.07–3.07) under the allele genetic model (C vs. T),
but not in PB studies (OR=1.06, 95% CI=0.99–1.12)
(Table 4). Furthermore, no significant association of
PvuII polymorphism and CAD risk was found in PB
studies either under the recessive genetic model or
under the dominant genetic model (Table 4).
3.5 Publication bias
A funnel plot of publication bias (Fig. 4) showed
that the symmetry of the patterning was not ideal.
To detect publication bias in a visual and quantified
manner, Begg’s test (Fig. 5) and Egger’s test
(Fig. 6) were used. The Egger’s test (t=3.22, P=0.004)

(a)

(b)

(c)

(d)

Fig. 3 Sensitivity analysis to examine the influence of individual studies on the pooled ORs
The circles represent the pooled ORs when the given named study on the left is omitted, and the dotted lines between “Lower CI
limit” and “Upper CI limit” indicate the 95% CIs. Random-effect model was used. (a) Allele genetic model (C vs. T);
(b) Homozygote comparison (CC vs. TT); (c) Dominant genetic model (CC+CT vs. TT); (d) Recessive genetic model (CC vs.
CT+TT)
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Table 4 Pooled ORs and 95% CIs of the stratified meta-analysis
Stratification
CAD

OR (95% CI)

n

CC vs. TT

CC+CT vs. TT
*

CC vs. CT+TT
*

C vs. T
*

21

1.36 (1.14–1.62)

1.20 (1.05–1.38)

1.15 (1.03–1.28)

1.14 (1.05–1.23)*

HB

6

1.89 (1.11–3.23)*

1.74 (1.02–2.96)*

1.24 (0.94–1.64)

1.30 (1.07–1.59)*

PB

13

1.13 (1.00–1.28)

1.06 (0.97–1.16)

1.07 (0.97–1.19)

1.06 (0.99–1.12)

PB & HB

2

3.67 (1.45–9.30)*

2.36 (0.67–8.35)

2.44 (1.39–4.28)*

1.81 (1.07–3.07)*

Asia

11

1.53 (1.17–2.00)*

1.25 (0.99–1.57)

1.36 (1.13–1.63)*

1.20 (1.04–1.39)*

Western

10

1.22 (1.00–1.49)

1.17 (0.99–1.38)

1.04 (0.94–1.16)

1.07 (0.99–1.16)

Source of control

Region

n: number of studies involved; CC vs. TT: homozygote comparison; CC+CT vs. TT: dominant genetic model; CC vs. CT+TT: recessive
genetic model; C vs. T: allele genetic model. CAD: coronary artery disease; PB: population-based; HB: hospital-based. The random model
was chosen for data pooling when P<0.10; otherwise, the fixed model was used. * OR had statistical significance with corresponding 95% CI
not including 1

SE of logOR

Egger’s publication bias plot

Fig. 4 Funnel plot of publication bias for the metaanalysis under the allelic genetic model (C vs. T)
The SE of logOR is plotted against the OR for each study.
The dotted line indicates the estimated OR. OR: odds ratio;
SE: standard error
1.0

Begg’s funnel with pseudo 95% confidence limits

Fig. 6 Egger’s linear regression analysis of publication
bias for the meta-analysis under the allelic genetic
model (C vs. T) (P=0.004, t=3.22)
The standard normal deviation (SND) was regressed
against the estimated precision (p). The regression equation
is SND=a+bp, where SND is the odds ratio (OR) divided
by its standard error (SE), a is the intercept of the regression line, b is the slope of the regression line, and p is
precision, the inverse of the SE

logOR

0.5

0.0

−0.5
0

0.2

0.1

0.3

SE of logOR

Fig. 5 Begg’s funnel plot of publication bias in the metaanalysis of the association of ESR1 PvuII polymorphism
and CAD risk under the allelic genetic model (C vs. T)
Each point represents an individual study included in this
meta-analysis. OR: odds ratio; SE: standard error

suggested the presence of a potential publication bias,
a language bias, inflated estimates by a flawed
methodological design in smaller studies, and/or a
lack of publication of small trials with opposite results. Although sensitivity analysis by sequential
omission of individual studies suggested that the
results of our meta-analysis were fairly stable and no
individual study was found to affect the results significantly, the results of the present meta-analysis
should be interpreted cautiously in the context of this
limitation.
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4 Discussion
Our study found that the ESR1 PvuII polymorphism was significantly associated with CAD risk
under the allele genetic model, homozygote comparison, dominant genetic model, and recessive genetic
model. To our knowledge, the present study is the
largest systematic review by means of meta-analysis
to investigate the association between the ESR1 PvuII
polymorphism and CAD risk. A previous metaanalysis by Wei et al. (2013), which found that the
CC genotype of the ESR1 PvuII polymorphism was
significantly associated with an increased risk of
CAD in Chinese populations, included 10 studies
with 1853 CAD patients and 1544 controls. With
9926 CAD cases and 16 710 controls, our metaanalysis had a much larger sample size and covered a
wider range of countries or regions and languages.
The association between ESR1 PvuII polymorphism and CAD susceptibility was significant in
Asian populations in stratification analysis by region.
However, no significant results were observed among
the Western populations. Our results are consistent
with a previous meta-analysis by Kjaergaard et al.
(2007) which reported that the ESR1 PvuII polymorphism did not influence the risk of CAD in
Western populations. Several reasons might explain
the contrasting results between Asian and Western
populations. Firstly, racial differences between Eastern and Western populations may lead to differences
in CAD susceptibility (Thomas et al., 2010; Batchelor
et al., 2013), due to potential differences in genetic
expression and epigenetic effects. Secondly, it is
known that CAD is a complicated disease caused by
multiple genetic and environmental factors as well as
gene-environment interactions, such that differences
in lifestyles, geographic conditions, and climate, for
example, may influence the role of the genes (Ioana et
al., 2012; Labonté et al., 2012; Yu et al., 2012). Finally,
the number of eligible studies included in the stratified analysis of Western populations was relatively
small. Thus, the lack of association between the ESR1
PvuII polymorphism and CAD among Western populations might be due to insufficient statistical power.
In the present meta-analysis, the source of controls was considered as one source of heterogeneity
based on the meta-regression. After adjusting for the
source of controls, no significant heterogeneity was

observed in PB studies (I2=30.7%) or HB studies
(I2=29.5%) under genetic models, while significant
heterogeneity still existed in the subgroup with both
PB and HB sources of controls (I2=67.1%). The association between the ESR1 PvuII polymorphism and
CAD risk was still significant in HB studies and in
studies with both PB and HB sources of controls, but
not in PB studies, under the allele genetic model (C vs.
T). The control population of HB studies might be
disease-related, and therefore not representative of
the general population. This could affect the reliability and authenticity of the findings. Therefore, the
results of our present meta-analysis should be interpreted with caution.
There are several limitations in this current metaanalysis. First, the Egger’s test suggested the presence
of a potential publication bias. Inevitable literature
retrieval bias may exist in our study because we
searched papers published in only English or Chinese
language. Second, this meta-analysis focused only on
the association between ESR1 c.454-397T>C single
nucleotide polymorphisms (SNPs) and CAD risk,
while potential interactions between genes were not
considered. For example, Schuit et al. (2004) reported
that postmenopausal women who carried the ESR1
haplotype 1 c.454-397 T allele and the c.454-351 A
allele (T-A) had a higher susceptibility to MI. Third,
due to incomplete information about the study populations, such as mean age and sex structure, we could
not perform further analysis based on these potential
confounding factors. The gender-specific role of the
ESR1 PvuII polymorphism in CAD risk was reported
previously. Kunnas et al. (2000) suggested that the
ESR1 PvuII polymorphism contributed to a higher
risk of CAD only in men in a Finnish population.
Shearman et al. (2003) also reported that men with the
PvuII CC genotype had a higher risk of MI. In contrast, Alevizaki et al. (2007) reported that the ESR1
polymorphism might influence the severity of CAD
in postmenopausal women. In addition, as some
young controls currently without CAD may suffer
from CAD later in life, and age may also have an
impact on the final results. The use of much stricter
matching criteria between cases and controls may
control these possible confounding factors to some
extent.
In conclusion, our meta-analysis suggested that
the ESR1 PvuII polymorphism may be associated
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with CAD susceptibility, especially among Asian
populations. The results of the present meta-analysis
may have important implications for clinical decisions, for example, whether to use hormone replacement therapy (HRT) (Stampfer and Colditz,
1991; Grady et al., 1992) for patients with cardiovascular diseases. Additionally, it raises the question
of whether the ESR1 PvuII polymorphism could be
considered as a candidate genetic marker to identify
genetic susceptibility to CAD. Further well-designed
studies with larger sample sizes are needed to clarify
the effects of estrogen on the cardiovascular system
and to elucidate the mechanism of action more
clearly.
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中文概要：
本文题目：雌激素受体 α 基因 PvuII 基因多态性与冠心病关系的 meta 分析
Estrogen receptor α gene PvuII polymorphism and coronary artery disease: a meta-analysis of
21 studies
研究目的：系统评价雌激素受体 α 基因 PvuII 基因多态性与冠心病的关系。
创新要点：目前关于雌激素受体 α 基因 PvuII 基因多态性 （c.454-397T>C）与冠心病的关系仍存在争议。
因此本研究针对这一问题系统收集国内外符合纳入与排除标准的研究，通过 meta 分析，系统
地评估雌激素受体 α 基因 PvuII 基因多态性与冠心病的关系。
研究方法：针对研究问题系统检索国内外相关数据库，根据事先制定的纳入与排除标准及质量评价量表，
筛选出符合标准的研究文献。利用 STATA11.0 和 RevMan 5.2 软件对纳入的 21 篇研究（包括
9926 病例和 16710 对照）进行定量分析。优势比（OR）值及 95%置信区间（CI）用来衡量雌
激素受体 α 基因 PvuII 基因多态性与冠心病的关系。
重要结论：Meta 分析结果提示，雌激素受体 α 基因 ESR1 PvuII 基因多态性与冠心病的关系在研究的整体
人群中有重要意义。地区亚组分析显示，在亚洲人群中，雌激素受体 α 基因 PvuII 基因多态性
与冠心病相关，然而这种相关性不存在于西方人群。
关键词组：雌激素受体 α；基因多态性；冠心病；Meta 分析

