Int J Clin Exp Med 2017;10(2):1953-1966
www.ijcem.com /ISSN:1940-5901/1JCEM0033546

Review Article
Relationship between polymorphisms of CYP19A1 gene
and hypertension: a meta-analysis

Yajie Meng'?*, Dilare Adi*?*, Ting Wang*2, Chunlan Dong*?, Bei Wang?, Mayila Abudoukelimu®?, Fen Liu*?,
Bangdang Chen'?, Zhenyan Fu'?, Yitong Ma*?

1Department of Cardiology, The First Affiliated Hospital of Xinjiang Medical University, Urumqi, P. R. China;
2Xinjiang Key Laboratory of Cardiovascular Disease Research, Urumqi, P. R. China. "Equal contributors.

Received June 11, 2016; Accepted October 30, 2016; Epub February 15, 2017; Published February 28, 2017

Abstract: Objective and Background: Several published studies have investigated the relationship between the
rs700518 and rs4646 polymorphisms in the CYP19A1 gene and the risk of hypertension; however, their results
were inconsistent. To examine these inconclusive findings, we performed a meta-analysis to investigate the relation-
ships between genetic polymorphisms of the CYP19A1 gene and the risk of hypertension. Methods: By searching
PubMed, ISI Web of Science and Embase, as well as the Wanfang Database, the Chinese National Knowledge
Infrastructure (CNKI) Database, the Weipu Database and the Chinese Academic Journal Full-text Database, we
extracted data from eligible studies and included these data in our meta-analysis. The relationships between the
rs700518 and rs4646 polymorphisms and hypertension were estimated using pooled odds ratios (ORs) and 95%
confidence intervals (95% Cls). Heterogeneity was investigated and measured using Cochran’s Q test and the in-
consistency index (I%) test. Meta-analysis was conducted using Review Manager Software (version 5.3). Results: A
total of six studies from five articles including 1446 subjects with hypertension and 1658 healthy individuals were
included in this meta-analysis. No relationship was found between the rs700518 and rs4646 polymorphisms in the
CYP19A1 gene and the risk of hypertension (for rs700518, allele model: A vs. G, OR = 1.03, 95% Cl: 0.93-1.13, P
= 0.59; dominant model: AA vs. AG+GG, OR = 1.10, 95% CI: 0.95-1.27, P = 0.20; recessive: model: GG vs. AG+AA,
OR = 1.04, 95% CI: 0.88-1.22, P = 0.65; for rs4646, allele model: G vs. T, OR = 1.00, 95% CI: 0.89-1.12, P = 0.98;
GG vs. dominant model: GT+TT, OR = 1.02, 95% CI: 0.88-1.18, P = 0.80; recessive model: TT vs. GT+GG, OR = 0.97,
95% CI: 0.73-1.28, P = 0.83). However, if the data were stratified by gender (men and women), a relationship be-
tween the rs4646 polymorphism in the CYP19A1 gene and the risk of hypertension among female subjects under
the recessive model (TT vs. GT+GG: P = 0.04) was found using a fixed-effect model. Conclusion: The results of our
meta-analysis suggest that neither the rs700518 polymorphism nor the rs4646 polymorphism in the CYP19A1
gene is a genetic marker of hypertension susceptibility. Other factors, such as gender, appear to play a role in the
relationship between the rs4646 polymorphism and the risk of hypertension.
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Introduction

Hypertension currently represents a major
cause of cardiovascular morbidity and mortali-
ty and causes more than 7 million deaths every
year worldwide [1, 2]. This condition has
become a major global public health burden,
affecting more than one-quarter of adults, and
this proportion is expected to increase to one-
third of adults by 2025 [3]. Hypertension is a
common, polygenic, complex disorder resulting
from the interactions of several genes with
each other and with environmental factors [4].

Current evidence estimates that genetic factors
account for approximately 30%-50% of varia-
tions associated with hypertension [5]. The
genetic factors underlying hypertension are still
unknown [6].

The CYP19A1 gene is located on the long arm
of chromosome 15 (15g21.1) and encodes the
aromatase enzyme, which is responsible for the
biosynthesis of estrogens [7]. Several previous
studies have indicated that estrogen plays a
protective role in the cardiovascular system
[8-10], but only a few studies have focused on
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genetic polymorphisms in the CYP19A1 gene
with respect to cardiovascular disease [11]. In
recent years, increasing numbers of studies
have tested the effects of genetic variations in
the CYP19A1 gene on hypertension and coro-
nary artery disease. However, the relationship
between genetic polymorphisms in the
CYP19A1 gene and hypertension risk remains
controversial. In 2008, Masanori Shimodaira et
al. identified two loci (rs1870049 and rs10046)
on the CYP19A1 gene which are associated
with essential hypertension (EH) [12]. Then,
these authors conducted a haplotype-based
case-control study and noted relationships
between genetic polymorphisms in the
CYP19A1 gene and preeclampsia (PE) and ges-
tational hypertension (GH). The rs700158 poly-
morphism in the CYP19A1 gene is linked to PE
by analyzing a dominant model (AG+GG), and
the frequency of the G allele is significantly
higher in patients with PE than in controls [13].
In 2010, Beitelshees AL et al. analyzed two
independent populations and noted a signifi-
cant effect of the interaction between the
CYP19A1 genotype and sex differences on car-
diovascular outcomes [14]. The study by Re-
poso Ramirez-Lorca showed that the CYP19A1
gene might be involved in regulation of blood
pressure in female subjects [15]. Recently, an
investigation of the Framingham Heart Study
offspring cohort found evidence suggestive of
gender-specific contributions of the CYP19A1
geneto blood pressure variations [16]. However,
Ayelet Ziv-Gala et al. and Peter | et al. found
that the rs700518 and rs4646 polymorphisms
in the CYP19A1 are not associated with hyper-
tension in a sample of middle-aged female sub-
jects [17, 18]. Two additional independent stud-
ies that included 270 women and 729 individu-
als, respectively, also did not find a significant
association between CYP19A1 genetic poly-
morphisms and blood pressure [19, 20].

There were substantial differences in the sam-
ple sizes of the above studies. Additionally, the
analyses regarding gender differences, which
may be related to estrogen levels, yielded
inconsistent results, so it is difficult to draw any
conclusions regarding the relationship between
CYP19A1 gene polymorphisms and hyperten-
sion. To determine whether CYP19A1l gene
polymorphisms are associated with the risk of
hypertension, we selected 2 genotyped intra-
genic polymorphisms, rs700518 and rs4646,
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and performed a meta-analysis to investigate
the association between these polymorphisms
and hypertension risk.

Materials and methods
Literature search strategy

We conducted literature searches for articles
published before October 2015 in PubMed, ISI
Web of Science and Embase, as well as the
Wanfang Database, the Chinese National
Knowledge Infrastructure (CNKI) Database, the
Weipu Database and the Chinese Academic
Journal Full-text Database. We attempted to
identify as many studies as possible using the
following key words: “CYP19A1” and “polymor-
phism” and “hypertension” or “blood pressure”.
We retrieved articles containing these terms
and reviewed their reference lists to identify
additional eligible and relevant studies. We lim-
ited our searches to studies published in
English and Chinese.

Inclusion criteria and data extraction

Studies were included in this meta-analysis if
they met the following inclusion criteria: (1) they
evaluated the associations between CYP19A1
polymorphisms (rs700518 and rs4646) and
hypertension; (2) they used a case-control or
cohort design and included a control group that
included healthy or relatively healthy individu-
als without hypertension; (3) they defined
hypertension as a systolic blood pressure of at
least 140 mmHg, a diastolic blood pressure of
at least 90 mmHg, a previous diagnosis of
hypertension or the use of antihypertensive
medications; (4) and their control groups were
in agreement with Hardy-Weinberg equilibrium
(P>0.05). If more than one article was pub-
lished using the same sample, only the study
with largest sample size was included. All rele-
vant information was independently extracted
from eligible publications by two authors
according to the above-listed inclusion criteria.
A third person (Zhenyan Fu) decided whether to
include an article when the two authors (Yajie
Meng and Dilare Adi) disagreed. The following
information was extracted from each study: (1)
the first author, (2) the publication year, (3) the
ethnicity of the studied population, (4) the SNP
research in the paper, (5) the mean age of the
study population, (6) the mean BMI, (7) the
genotyping methods, (8) agreement with Hardy-
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Table 1. Baseline characteristics of the all included studies in the meta-analysis

i i Genotyp- Sample size
Studies Year Ethnicity SNP Age (mean + SD) BMI WP LwE
ing Cases Controls
Amber L. Beitelshees 2010 American rs700518 INFORM: Male: 61+12 Male: 29.0+5.5 Tagman >0.6 337 207
Female: 6413  Female: 30.1+6.5 Male: 194 Male: 157
Female: 143 Female: 50
INVEST: Male: 69+9 Male: 28.8+4.3 >0.8 148 447
Female: 73+10  Female: 28.1+5.9 Male: 74 Male: 221
Female: 74 Female: 226
rs4646  INFORM: Male: 61+12 Male: 29.0+5.5 >0.5 344 233
Female: 64+13  Female: 30.1+6.5 Male: 201 Male: 184
Female: 143 Female: 49
INVEST: Male: 69+9 Male: 28.8+4.3 >0.6 302 301
Female: 73+10  Female: 28.1+5.9 Male: 76 Male: 74
Female:226 Female: 227
Masanori Shimodaira 2012 Japanese rs700518, 29.48+5.03 20.60+£2.92 TagMan® >0.8 131 122
rs4646 PCR
Masanori Shimodaira 2008 Japanese rs700518, Cases Cases TagMan® >0.8 223 220
rs4646 Men: 50.2+6.7 Men: 24.8+3.6 PCR Men: 142 Men:144
Women: 51.1+5.3 Women: 24.8+4.1 Women: 81  Women: 76
Controls Controls
Men: 50.0+5.6 Men: 23.0+2.9
Women: 50.9+13.1 Women: 22.443.2
Ayelet Ziv-Gala 2012 American rs700518 45 to 49: 396 <25.0: 265 PCR >0.6 208 417
50 to 54: 221 25.0t0 29.9: 169
>30.0: 182
Inga Peter 2009 American rs700518, Men: 62+10 Men: 28.6+4.5 TagMan  >0.9 610 651
rs4646 Women: 6219 Women: 27.315.5 Men: 308 Men: 296

Women: 302 Women: 355

Table 2. Genotyping characteristics of the all included studies in the meta-analysis

rs700518

Sex

First author Year Sample size Genotypes distribution (case/control) (Male/Females)
Case Control AA AG GG A G Case  Control
Amber L. Beitelshees1 2010 337 207 91/54 164/102 82/43 346/210 328/188 194/143 157/50
Amber L. Beitelshees2 2010 148 447 36/111 75/226 37/110 147/448 149/446 T74/221 T74/226
Masanori Shimodaira 2012 131 122 47/54 63/55 21/13 157/163 105/81 -/131 -/122
Masanori Shimodaira 2008 218 225 88/82 95/111 35/32 271/275 165/175 142/76 144/81
Ayelet Ziv-Gala 2012 208 417 81/110 90/209 37/90 252/429 164/389  -/208 /417
Inga Peter 2009 610 651 165/176 305/325 141/150 635/677 587/625 308/302 296/355
rs4646
. Sample size Genotypes distribution (case/control) Sex
First author Year (Male/Females)
Case Control GG GT T G T Case Control
Amber L. Beitelshees1 2010 337 207 178/114 139/76  27/16 495/304 193/108 194/143 157/50
Amber L. Beitelshees2 2010 150 453 80/237 58/184 12/32 218/658 82/248 74/221  74/226
Masanori Shimodaira 2012 131 122 72/56 52/54 7/12 196/166 66/78 -/131 -/122
Masanori Shimodaira 2008 218 225 1147119 83/85 21/21 311/323 125/117 142/76 144/81
Inga Peter 2009 610 651  343/366 229/244 38/41 915/976 305/326 308/302 296/355
Weinberg equilibrium and (9) the numbers of Statistical analyses

patients with hypertension and controls.
Detailed information regarding the characteris-
tics of the included studies is shown in Table 1.
The relationship between genetic polymor-
phisms of the CYP19A1 gene and hypertension
is shown in Table 2.

1955

ORs and 95% Cls were applied to assess the
strength of the associations between CYP19A1
polymorphisms (rs700518 and rs4646) and
hypertension. Deviations from Hardy-Weinberg
equilibrium (HWE) among the SNPs in the
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516 Articles identified through database search ‘

the titles and abstracts, we
excluded 467 articles and
selected 49 potentially rele-

467 Articles removed after abstract reviewed
351 Not related to research topic
80  Reviews, meta-analysis,editorials
36 Not human studies

vant articles for further review.
Thirty-nine of these studies
were excluded for the follow-
ing reasons: 29 did not per-
tain to the rs700518 and

4

49 Potentially relevant articles identified for further review

rs4646 polymorphisms in the
CYP19A1 gene, and 10 did not
pertain to hypertension. Ten
full-text articles were asse-
ssed for eligibility. Three stud-

39 Articles removed,due to:

»| 29 Notinvestigated rs700518,rs4646
10 Not relevant to hypertension

ies were excluded because
they investigated the relation-
ship between the rs700518

v
10 Full-text articles assessed for eligibility

and rs4646 polymorphisms
and coronary heart disease,
and 2 studies were excluded
because they did not provide
sufficient data. Finally, six

5 Articles removed,due to:

v

2 Notinvestigated hypertension
3 Not provide sufficient date

studies from five articles [12-
14, 17, 18] were included in
the meta-analysis. The geno-

v
5 Eligible studies(One articles contained 2 studies)

Figure 1. Searching process for eligible studies of the relationship between
genetic polymorphisms of CYP19A1 gene with hypertension.

healthy control groups were tested via x? analy-
sis. Pooled ORs were calculated via a Z-test
(P<0.05 was considered significant). The Q test
was performed to examine whether variations
were related to heterogeneity. If an article did
not have significant heterogeneity (12<50%), the
Mantel-Haenszel method [18] was used to cal-
culate pooled ORs and 95% Cls. Alternatively,
the DerSimonian-Laird method [22] was used
to calculate pooled ORs and 95% Cls when sig-
nificant heterogeneity (I°<50%) was noted.
Sensitivity analysis was performed to assess
the stability of the results after excluding one
study at a time. Funnel plots [23] were used as
visual tools to investigate the studies for publi-
cation bias and other types of bias or system-
atic heterogeneity. All analyses were conducted
using RevMan 5.3 software (website: http://
www.cc-ims.net/RevMan).

Results
Characteristics of the studies

Based on our search strategy, we identified
516 potentially relevant articles. By scanning

1956

type distributions among the
control groups of all studies
were in agreement with Hardy-
Weinberg equilibrium. The
characteristics of the selected
studies are summarized in
Figure 1.

Quantitative synthesis

Our meta-analysis included a total of six stud-
ies from five articles including 1446 hyperten-
sion patients and 1658 healthy individuals.
Table 3; Figures 2 and 3 showed the results of
the meta-analysis of these six studies regard-
ing the correlation between hypertension and
the CYP19A1 polymorphisms rs700518 and
rs4646. Systematic reviews of the included
studies were included in the above table and
figures, including information regarding the
numbers of case and control groups, weights,
ORs, and 95% Cls.

Figure 2A, 2B and Table 3 showed the results
of the meta-analysis of the relationship
between CYP19A1 polymorphisms (rs700518
and rs4646) and hypertension risk under dif-
ferent genetic models. Unfortunately, we found
no associations between the rs700518 poly-
morphism and the risk of hypertension under
an allele model (A vs. G, OR = 1.03, 95% CI:
0.93-1.13, P = 0.59), a dominant model (AA vs.
AG+GG, OR = 1.10, 95% CI: 0.95-1.27, P =

Int J Clin Exp Med 2017;10(2):1953-1966



CYP19A1 gene and hypertension

Table 3. Meta-analysis of the relationship between genetic polymorphisms of CYP19A1 gene with hypertension
rs700518

A allele vs. G allele AA vs. AG+GG GG vs. AG+AA AAvs. GG GG vs. AG
(Allele model) (Dominant model) (Recessive model) (Homozygous model) (Heterozygous model)
OR 95% Cl P OR 95% Cl P OR 95% ClI P OR 95% ClI P OR 95% ClI P
Amber L. Beitelshees1 2010 0.94 0.74-1.21 1.05 0.71-1.55 1.23 0.81-1.86 0.88 0.54-1.46 1.16  0.79-1.69
Amber L. Beitelshees2 2010 0.96 0.76-1.28 0.97 0.63-1.50 1.02 0.66-1.57 0.96 0.57-1.64 1.03 0.67-1.58
Ayelet Ziv-Gala 2012 1.39  1.10-1.77 1.78 1.25-2.54 0.79 0.51-1.20 268 1.66-4.32 0.62 0.44-0.88
Inga Peter 2009 1.00 0.85-1.17 1.00 0.78-1.28 1.00 0.77-1.31 1.00 0.73-1.36 1.01 0.79-1.29
Masanori Shimodaira 2008 1.05 0.80-1.37 118 0.80-1.73 115 0.69-1.94 0.98 0.56-1.73 0.85 0.58-1.24
Masanori Shimodaira 2012 0.74 0.52-1.07 0.70 0.43-1.1 1.60 0.76-3.36 0.54 0.24-1.19 142 0.86-2.35
Total 1.03 1.93-1.13 0.59 1.10 0.95-1.2 020 1.04 0.88122 065 111 0.92-1.34 0.29 0.95 0.82-1.10 0.50
rs4646
G allele vs. T allele GG vs. GT+TT TT vs. GT+GG GGvs. TT TT vs. GT
(Allele model) (Dominant model) (Recessive model) (Homozygous model) (Heterozygous model)
OR 95% ClI P OR 95% Cl P OR 95% Cl P OR 95% ClI P OR 95% ClI P
Amber L. Beitelshees1 2010 0.91 0.69-1.20 091 0.65-1.29 1.01 0.54-1.90 0.93 1.21 1.21  0.86-1.72
Amber L. Beitelshees2 2010 1.00 0.75-1.34 1.04 0.72-1.51 1.14 0.57-2.28 0.90 0.44-1.83 0.96 0.66-1.39
Inga Peter 2009 1.00 0.84-1.20 1.00 0.80-1.25 0.99 0.63-1.56 1.01 0.63-1.61 1.00 0.80-1.25
Masanori Shimodaira 2008 0.90 0.67-1.21 0.98 0.67-1.42 1.04 0.55-1.96 0.96 0.50-1.85 1.02 0.71-1.49
Masanori Shimodaira 2012 1.40  0.95-2.06 1.44 0.88-2.36 0.52 0.02-1.36 2.20 0.81-5.96 0.70 0.42-1.14
Total 1.00 0.89-1.12 0.98 1.02 0.881.18 080 097 0.73-1.28 0.83 1.03 0.78-1.37 0.82 1.00 0.86-1.16 1.00
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A

a Experimental Control Odds Ratio Qdds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% ClI M-H. Fixed. 95% CI
Amber L. Beitelshees1 2010 346 674 210 398 15.3% 0.94 [0.74, 1.21]
Amber L. Beitelshees2 2010 147 296 448 894 134% 0.98 [0.76, 1.28]
Ayelet Ziv-Gala 2012 252 416 429 818 13.6% 1.39 [1.10,1.77] -
Inga Peter 2009 635 1222 677 1302 37.5% 1.00 [0.85, 1.17]
Masanori Shimodaira 2008 271 436 275 450 12.2% 1.05[0.80, 1.37]
Masanori Shimodaira 2012 157 262 163 244  8.1% 0.74 [0.52, 1.07]
Total {95% Cl) 3306 4106 100.0% 1.03[0.93,1.13]
Total events 1808 2202

ity Chit = = = 2 = B0 t I T f f
1I-_Ielfrfctgenentyl.l C;| 1-2.9—5(‘}d5f5 g (_PU 5[;.08). I =50% 001 01 ] 10 100
est for overall effect. Z = 0.5 (P =0.59) Favours [experimental] Favours [control]

b Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% ClI M-H. Fixed. 95% €I
Amber L. Beitelshees1 2010 91 337 54 207 14.2% 1.05[0.71, 1.585] -
Amber L. Beitelshees2 2010 36 148 111 447 12.2% 0.97 [0.63, 1.50] -1
Ayelet Ziv-Gala 2012 81 208 110 417 13.0% 1.78 [1.25, 2.54] -
Inga Peter 2009 165 610 176 651 36.2% 1.00[0.78, 1.28] -
Masanori Shimodaira 2008 88 218 82 225 14.0% 1.18[0.80, 1.73] I
Masanori Shimodaira 2012 47 131 54 122 104% 0.70[0.43,1.17] I
Total (95% CI) 1652 2069 100.0%  1.10[0.95. 1.27] 4
Total events 508 587
Heterogeneity: Chiz = 11.16, df =5 (P = 0.05); I = 55% Olm 011 : 110 miu
Test for overall effect: Z =1.28 (P = 0.20) Favours [experimental] Favours [control]

c Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight MH. Fixed. 95% Cl IVEH. Fixed. 95% Cl
Amber L. Beitelshees1 2010 82 337 43 207 144% 1.23[0.81, 1.86] N
Amber L. Beitelshees2 2010 37 148 110 447 147% 1.02[0.66, 1.57] T
Ayelet Ziv-Gala 2012 37 208 90 417 17.6% 0.79[0.51, 1.20] T
Inga Peter 2009 141 610 150 651 39.9% 1.00[0.77, 1.31] L
Masanori Shimodaira 2008 35 218 32 225 94% 1.15[0.69, 1.94] T
Masanori Shimodaira 2012 21 131 13 122 4.0% 1.60[0.76, 3.36] 0T
Total (95% CI) 1652 2069 100.0% 1.04 [0.88. 1.22]
Total events 353 438
Heterogeneity: Chiz = 3.79, df= 5 (P = 0.58); F = 0% 050 ] ol p y 150 p DB
Test for overall effect: Z = 0.45 (P = 0.65) Favours [experimental] Favours [control]
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d Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed. 95% CIl
Amber L. Beitelshees1 2010 91 173 54 97  16.3% 0.88 [0.54, 1.46] e
Amber L. Beitelshees2 2010 36 73 111 221 13.9% 096 [0.57, 1.64] - T
Ayelet Ziv-Gala 2012 81 118 90 200 104% 2.68[1.66,4.32] -
Inga Peter 2009 165 306 176 326 39.0% 1.00 [0.73, 1.36] -
Masaneori Shimodaira 2008 88 123 82 114 12.0% 0.98 [0.56, 1.73] S
Masanori Shimodaira 2012 47 68 54 67 8.3% 0.54 [0.24, 1.19] - I
Total {95% CI) 861 1025 100.0% 1.11 [0.92, 1.34] *
Total events 508 567 . . . .

Heterogeneity: Chiz = 17.88, df =5 (P = 0.003); I* = 72% T

o _ 0.01 0.1 1 10 100
Test for overall effect: Z = 1.06 (P = 0.29) Favours [experimental] Favours [control]

e Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight NMH. Fixed. 95% Cl M-H. Fixed. 95% CI
Amber L. Beitelshees1 2010 246 337 145 207 13.0% 1.16[0.79, 1.69] ™
Amber L. Beitelshees2 2010 112 148 336 447 10.9% 1.03[0.67, 1.58] -1
Ayelet Ziv-Gala 2012 127 208 299 417 208% 0.62[0.44, 0.89] -
Inga Peter 2009 448 610 475 651 33.2% 1.01[0.79, 1.29] L2
Masanori Shimodaira 2008 130 218 143 225 153% 0.85[0.58, 1.24] ™
Masanori Shimodaira 2012 84 131 68 122 6.8% 1.42[0.86, 2.35] .
Total (95% CI) 1652 2069 100.0% 0.95[0.82, 1.10] 4
Total events 1145 1466 .

Heterogeneity: Chi® = 9.86, df =5 (P = 0.08); 1> =49%

Test for overall effect: Z = 0.67 (P = 0.50) 0.01 0.1 ! 10 100

Favours [experimental] Favours [control]

B a Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight NHH. Fixed. 95% Cl IVEH. Fixed. 95% CI
Amber L. Beitelshees1 2010 495 688 304 412 188% 0.91[0.69, 1.20]

Amber L. Beitelshees2 2010 218 300 658 906 15.8% 1.00[0.75, 1.34]

Inga Peter 2009 915 1220 976 1302 41.6% 1.00[0.84, 1.20]

Masanori Shimodaira 2008 31 436 323 440 16.2% 0.90[0.67, 1.21]

Masanori Shimodaira 2012 196 262 166 244  7.6% 1.40[0.95, 2.06]

Total (95% Cl) 2906 3304 100.0% 1.00 [0.89. 1.12]

Total events 2135 2427

0.01 0.1 1 10 100
Favours [experimental] Favours [control]

Heterogeneity: Chi* = 3.75, df = 4 (P = 0.44); I’=0%
Test for overall effect: Z=0.02 (P = 0.98)
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Experimental Control Odds Ratio Odds Ratio

Study or Subdroup Events Total Events Total Weight IMH, Fixed. 95% Cl IVEH. Fixed. 95% ClI

Amber L. Beitelshees1 2010 178 337 114 207 18.6% 0.91 [0.65, 1.29]

Amber L. Beitelshees2 2010 80 150 237 4583 153% 1.04[0.72, 1.51]

Inga Peter 2009 343 610 366 651 43.2% 1.00[0.80, 1.25]

Masanori Shimodaira 2008 114 218 119 225 15.6% 0.98[0.67, 1.42]

Masanori Shimodaira 2012 72 131 56 122 7.3% 1.44[0.88, 2.36]

Total (95% CI) 1446 1658 100.0% 1.02[0.88, 1.18]

Total events 787 892 . . . .

Heterogeneity: Chi® = 2.33, df=4 (P = 0.67); I2=0% 1 f 1 1 f

Test fo? ove::ll effect: Z=0.25 (P(= 0.80) " 0.01 0.1 . ! 10 100

Favours [experimental]  Favours [control]

Experimental Control Odds Ratio Odds Ratio

Study or Subdroup Events Total Events Total Weight NMH. Fixed. 95% CI IVEH. Fixed. 95% ClI

Amber L. Beitelshees1 2010 27 688 16 412 18.9% 1.01[0.54, 1.90] -1

Amber L. Beitelshees2 2010 12 150 32 453 144% 1.14[0.57, 2.28] B

Inga Peter 2009 38 610 41 651 36.6% 0.99[0.63, 1.56] ——

Masanori Shimodaira 2008 21 218 21 225 184% 1.04 [0.55, 1.96] -t

Masanori Shimodaira 2012 7 131 12122 11.6% 0.52[0.20, 1.36] - = |

Total (95% CI) 1797 1863 100.0% 0.97 [0.73. 1.28] L 2

Total events 105 122 .

Heterogeneity: Chi*=1.91, df=4 (P = 0.75); I’=0%

Test for overall effect: Z=0.22 (P = 0.83) 0.01 0.1 ! 10 100

Favours [experimental] Favours [control]

Experimental Control Odds Ratio Qdds Ratio
Study or Subgroup Events Total Events Total Weight IMH, Fixed. 95% Cl IVEH. Fixed. 95% ClI
Amber L. Beitelshees1 2010 178 205 114 130 19.8% 0.93[0.48, 1.79] - .
Amber L. Beitelshees2 2010 80 92 237 269 17.0% 0.90[0.44, 1.83] e
Inga Peter 2009 343 381 366 407 38.0% 1.01[0.63, 1.61] —.—
Masanori Shimodaira 2008 114 135 119 140 19.6% 0.96[0.50, 1.85] .
Masanori Shimodaira 2012 72 79 56 68 5.7% 2.20[0.81, 5.96] T
Total (95% CI) 892 1014 100.0% 1.03[0.78, 1.37] L 4
Total events 787 892 .

Heterogeneity: Chi? = 254, df =4 (P = 0.64); I?=0%

1 L 1
Test for overall effect: Z = 0.23 (P = 0.82) 0.01 0.1 1 10 100

Favours [experimental] Favours [control]
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e Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight NMH. Fixed. 95% Cl IVEH. Fixed. 95% €l
Amber L. Beitelshees1 2010 166 337 92 207 16.0% 1.21[0.86, 1.72]
Amber L. Beitelshees2 2010 70 150 216 453 158% 0.96[0.66, 1.39]
Inga Peter 2009 267 610 285 651 428% 1.00[0.80, 1.25]
Masanori Shimodaira 2008 104 218 1068 225 151% 1.02[0.71, 1.49] T
Masanori Shimodaira 2012 59 131 66 122 104% 0.70[0.42 1.14] -/
Total (95% CI) 1446 1658 100.0% 1.00 [0.86, 1.16] L
Total events 666 765

Heterogeneity: Chi® = 3.32, df=4 (P = 0.51); I’=0%

Test for overall effect: Z=0.00 (P = 1.00) 0.01 0.1 ! 10 100

Favours [experimental] Favours [control]

C Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% Cl M-H. Fixed. 95% €I
1.2.1 women
Amber L. Beitelshees1 2010 7 143 5 50 6.7% 0.46[0.14,1.53]
Amber L. Beitelshees2 2010 5 221 12 226 11.1% 0.41[0.14,1.19]
Inga Peter 2009 19 302 22 355 18.1% 1.02 [0.54, 1.92] -1
Masanori Shimodaira 2008 5 76 3 81 2.6% 1.83[0.42,7.94]
Subtotal {95% Cl) 742 712 38.6%  0.80 [0.50. 1.27] —-
Total events 36 42

Heterogeneity: Chi* =4.07, df = 3 (P = 0.25); 1> = 26%
Test for overall effect: Z = 0.94 (P = 0.35)

1.2.2 men

Amber L. Beitelshees1 2010 20 143 11 50 134% 0.58[0.25, 1.31] I
Amber L. Beitelshees2 2010 7 221 20 226 18.3% 0.34 [0.14, 0.81] -

Inga Peter 2009 19 308 18 296 16.5% 1.02[0.52, 1.98] -1
Masanori Shimodaira 2008 16 76 18 81 13.2% 0.93 [0.44, 2.00] - "
Subtotal (95% Cl) 748 653  61.4%  0.70[0.48.1.02] -

Total events 62 67

Heterogeneity: Chiz =4.61, df = 3 (P = 0.20); 1> = 35%

Test for overall effect: Z =1.85 (P = 0.06)

Total (95% CI) 1490 1365 100.0% 0.74 [0.55, 0.99] -

Total events 98 109

Heterogeneity: Chiz = 8.82, df = 7 (P = 0.27); 12 = 21% 0?1 u?z u?s ; 2 5 1:0

Test for overall effect: Z = 2.03 (P = 0.04)

; . Favours [experimental] Favours [control]
Test for subgroup differences: Chiz =0.20. df =1 (P = 0.66). 1> = 0%

Figure 2. A. Forest plot for CYP19A1 gene rs700518 polymorphism and hypertension risk in different genetic models: a. (Allele model: A allele vs. G allele); b. (Domi-
nant model: AA vs. AG+GGQ); c. (Recessive: GG vs. AG+AA); d. (Homozygous model: AA vs. GG); e. (Heterozygous model: GG vs. AG). B. Forest plot for CYP19A1 gene
rs4646 polymorphism and hypertension risk in different genetic models: a. (Allele model: G allele vs. T allele); b. (Dominant model: GG vs. GT+TT); c. (Recessive
model: TT vs. GT+GG); d. (Homozygous model: GG vs. TT); e. (Heterozygous model: TT vs. GT). C. Forest plot for CYP19A1 gene rs4646 polymorphism Recessive
model (TT vs. GT+GG) and hypertension risk in subgroup include man and women.
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A @ o SECeIOR) 0.20), and a recessive model
(GG vs. AG+AA, OR = 1.04,
95% Cl: 0.88-1.22, P = 0.65).
We also found no associations
between the rs4646 polymor-
. phism and the risk of hyper-
idb tension under an allele model
P (G vs. T, OR = 1.00, 95% ClI:
P 0.89-1.12, P = 0.98), a domi-
bt nant model (GG vs. GT+TT, OR
e SR G5 =1.02,95% Cl: 0.88-1.18, P =
b o SEtosORD 0.80), and a recessive model
(TT vs. GT+GG, OR = 0.97, 95%
R Cl: 0.73-1.28, P = 0.83).
| However, if the data were
0z ,/ Yy stratified by gender, we found
b | that the rs4646 polymor-
oat / | phism might be correlated
/ | with the risk of hypertension
0.4t / | under the recessive model (TT
foo vs. GT+GG: P = 0.04; I> = 0%)
osli o S : 5 o using a fixed-effect model, as
C o SEGIIORD shown in Figure 2C.

o017

A Sensitivity and publication
fal bias analyses

o171

o021

fogot In this meta-analysis, in order
oo to assess the sensitivity, the
contribution of each study to
o} the pooled estimate was
' determined. We recalculated

031

041

; , | ar the pooled P value or OR esti-

oo o ! 0 100 mates for the remaining stud-

d  o--SEegOR] i ies. As a result, all of the

included studies did not sub-

01t P stantially change the pooled

IER point estimates when the ran-

02T i1 dom-effects model was con-

' ; verted to the fixed effects

model, indicating the reliabili-
ty of our results.

0.5

0c®

03T

i
0.4 o

; , We used RevMan 5.3 soft-
001 oh : i ' 10 .o ware to analyze the studies for
€ o SEoGOR] ‘ publication bias, and the fun-
nel plots (Figure 3) showed

ok I that most of the data points
g were within the 95% confi-
dence interval, and the
/ § O'\‘ shapes of funnel plots showed
oot J no obvious asymmetry, which
| indicated that there was no
0at / | publication bias and that the
| results of the studies were

0.01 0.1 : 1 : 10 1(?:'; credible.

0.5

SE

021 ;o
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B a o SFe0loR) ; Discussion

We conducted a meta-analy-
sis of eligible published stud-
i ies by collecting summary sta-
ol i tistics regarding the associa-
tion between SNPs (rs700518
and rs4646) in the CYP19A1
gene and the risk of hyperten-
N sion, using different genetic
obi o e i 2o models. We found that the
b o SECSIORD , rs4646 polymorphism might
i be correlated with the risk of
ot _:" hypertension under a reces-
R sive model by conducting a
EESS ‘fc&? "\,l subgroup analysis based on
{ o\\\ gender.

037

/ \ For many years, researchers
0.4 / i and clinicians have observed
oo gender-related differences in

o8k o : : : 5 5 the patterns of hypertension.
¢ o, SEoGOR) A previous study consisting of
,,J"-“ women aged 44-56 years indi-
o1t cates that the risk of hyper-
[ tension increases markedly in

o1 [N women [24]. The results of pr-
/ } evious reports noting that BP
and hypertension were signifi-
cantly associated with meno-
/ \ pausal status are consistent
osli e fo | ! . 9r with those of the above study
[25-33]. Estrogen plays key

A roles in women after meno-
o2f pause and in hypertension.
JA BN Recent experimental and epi-
1 demiological findings support
/ the hypothesis that estrogen

y . deficiency may induce endo-
oef thelial and vascular dysfunc-
tion and potentiate age-relat-

ot o i “h 100 ed increases in systolic blood
€ opSEesloRD pressure possibly as a con-
1,'“',‘ sequence of reduced large-
ory fo} artery compliance. In menopa-
o\ use, estrogen deficiency may
; affect the balance among vari-
ous vasoactive hormones and

j ‘ the proliferation and function
_,." "x‘ of vascular smooth muscle
- cells possibly by altering the
001 10 100 electrolyte composition of the

[k o

oV
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d o SEIIOR)
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C 0__SE(Iog[OR])

-

o

02T
04T / o
‘
06T S o]
/

08T

Coban et al. demonstrated
that the rs10046 polymor-
phism is associated with car-
diovascular risk factors [42].
By contrast, several studies
have demonstrated no asso-
ciation between CYP19A1
genetic polymorphisms and
the risk of hypertension [16,
19, 20]. At present, whether
the CYP19A1 gene is associ-
ated with hypertension is
controversial.

- } } } }
0.1 0.2 0.5 1 2
Subgroups
women <> men

Figure 3. A. Funnel plots for CYP19A1 gene rs700518 polymorphism and
hypertension risk in different genetic models: a. (Allele model: A allele vs. G
allele); b. (Dominant model: AA vs. AG+GGQ); c. (Recessive: GG vs. AG+AA); d.
(Homozygous model: AA vs. GG); e. (Heterozygous model: GG vs. AG). B. Fun-
nel plots for CYP19A1 gene RS4646 polymorphism and hypertension risk in
different genetic models: a. (Allele model: G allele vs. T allele); b. (Dominant
model: GG vs. GT+TT); c. (Recessive: TT vs. GT+GG); d. (Homozygous model:
GG vs. TT); e. (Heterozygous model: TT vs. GT). C. Funnel plots for CYP19A1
gene rs4646 polymorphism Dominant model and hypertension risk in sub-

group include man and women.

intra- or extracellular milieu [34]. The human
CYP19A1 gene is located on chromosome
15921.2, encoding a length of ~130 kb and
being composed of nine (lI-X) coding exons
[35]. In postmenopausal women, a critical step
in estrogen biosynthesis involves the formation
of C18 estrogens estrone and estradiol) from
C19 androgens (rostenedione and testoster-
one). CYP19A1 is the key to this transformation
[36, 37] and thus directly affects estrogen lev-
els. Therefore, it is not surprising that CYP19A1
polymorphisms appear to be associated with
hypertension.

The rs700518 and rs4646 polymorphisms are
the result of synonymous and 3'UTR mutations
in exon 3, respectively. Most previous studies
focused only on the relationship between the
rs700518 and rs4646 polymorphisms in the
CYP19A1 gene and breast cancer [38-41].
Several recent studies have further analyzed
these polymorphisms and found that they are
associated with the risk of hypertension. In the
Framingham Heart Study, Peter et al. found evi-
dence suggesting that the rs4646 polymor-
phism was associated with higher diastolic
blood pressure in women and lower pulse pres-
sure in men [16]. A new study by Neslihan

1964

In our study, we found that the
rs700518 and rs4646 poly-
morphisms in the CYP19A1
gene were weakly associated
with hypertension based on
the pooled results of 6 studies
from 5 published articles. Our
study had several strengths.
First, it was the first meta-
analysis to report the relation-
ship between genetic poly-
morphisms of the CYP19A1
gene and the risk of hypertension. Second, vari-
ous methods of analysis (e.g. subgroup analy-
sis, cumulative meta-analysis, and sensitivity
analysis) were performed appropriately to
investigate the abovementioned relationship.
Finally, we investigated the relationship among
estrogen, the CYP19A1 gene and hypertension.
We performed a subgroup analysis based on
gender and determined that female gender
may be a key factor in the relationship between
the CYP19A1 gene and hypertension.

However, this meta-analysis had some limita-
tions. First, the number of studies included in
the meta-analysis was small. Second, the
included studies were relatively heterogeneous
with respect to ethnicity and age. Third, no pro-
spective studies have addressed the associa-
tion between CYP19A1 polymorphisms and the
risk of hypertension; thus, no such studies were
included in this analysis. Finally, due to the limi-
tations of the case-control study design, we
cannot exclude the possibility of undetected
bias.

In conclusion, the results of the current meta-
analysis suggest that the rs4646 polymor-
phism in the CYP19A1 gene is weakly associ-
ated with the risk of hypertension. Gender-

Int J Clin Exp Med 2017;10(2):1953-1966
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related differences in this association may be
mediated by serum estrogen concentrations.
Elucidation of the relationship among estrogen,
the CYP19A1 gene and hypertension is a task
for future prospective studies and large-scale
studies, which must also account for the effects
of gender, ethnicity and age to obtain more
robust results regarding the relationship
between CYP19A1 gene polymorphisms and
the risk of hypertension.

Acknowledgements

This work was supported financial by National
Natural Science Foundation of China (8156-
0069) and Key Laboratory project of Xinjiang,
China (2015KL011).

Disclosure of conflict of interest
None.

Address correspondence to: Yitong Ma and Zhenyan
Fu, Department of Cardiology, The First Affiliated
Hospital of Xinjiang Medical University, Urumgqi
830054, P. R. China. Tel: 86-991-4366169; Fax:
86-991-4366169; 86-991-4364303; E-mail: myt_
xj@sina.com (YTM); fuzhenyan316@126.com (ZYF)

References

[1] Ezzati M, Lopez AD, Rodgers A, Vander Hoorn
S, Murray CJ; The comparative risk assess-
ment collaborating group. Selected major risk
factors and global and regional burden of dis-
ease. Lancet 2002; 360: 1347-60.

[2] WHO. Global health risks: mortality and bur-
den of disease attributable to selected major
risks. Geneva: World Health Organization;
2009.

[3] Kearney PM, Whelton M, Reynolds K, Muntner
P, Whelton PK, He J. Global burden of hyper-
tension: analysis of worldwide data. Lancet
2005; 365: 217-223.

[4] XiB, Cheng H, Shen Y, Zhao X, Hou D, Wang X,
Mi J. Physical activity modifies the associations
between genetic variants and hypertension in
the Chinese children. Atherosclerosis 2012;
225: 376-380.

[5] Tanira MO, Al Balushi KA. Genetic variations
related to hypertension: a review. J Hum
Hypertens 2005; 19: 7-19.

[6] Pereira AC, Mota GF, Cunha RS, Herbenhoff FL,
Mill JG, Krieger JE. Angiotensinogen 235T al-
lele “dosage” is associated with blood pres-
sure phenotypes. Hypertension 2003; 41: 25-
30.

[71 Means GD, Mahendroo MS, Corbin CJ, Mathis
JM, Powell FE, Mendelson CR, Simpson ER.
Structural analysis of the gene encoding hu-

1965

(8]

)

[10]

(11]

[12]

(13]

(14]

(16]

man aromatase cytochrome P450, the enzyme
responsible for estrogen biosynthesis. J Biol
Chem 1989; 264: 19385-19391.
Mendelsohn ME, Karas RH. The protective ef-
fects of estrogen on the cardiovascular sys-
tem. N Engl J Med 1999; 340: 1801-11.
Strehlow K, Rotter S, Wassmann S, Adam O,
Grohé C, Laufs K, Béhm M, Nickenig G.
Modulation of antioxidant enzyme expression
and function by estrogen. Circ Res 2003; 93:
170-7.

Mondul AM, Rodriguez C, Jacobs EJ, Calle EE.
Age at natural menopause and cause-specific
mortality. Am J Epidemiol 2005; 162: 1089-97.
Haiman CA, Dossus L, Setiawan VW, Stram DO,
Dunning AM, Thomas G, Thun MJ, Albanes D,
Altshuler D, Ardanaz E, Boeing H, Buring J,
Burtt N, Calle EE, Chanock S, Clavel-Chapelon
F, Colditz GA, Cox DG, Feigelson HS, Hankinson
SE, Hayes RB, Henderson BE, Hirschhorn JN,
Hoover R, Hunter DJ, Kaaks R, Kolonel LN, Le
Marchand L, Lenner P, Lund E, Panico S,
Peeters PH, Pike MC, Riboli E, Tjonneland A,
Travis R, Trichopoulos D, Wacholder S, Ziegler
RG. Genetic variation at the CYP19A1 locus
predicts circulating estrogen levels but not
breast cancer risk in postmenopausal women.
Cancer Res 2007; 67: 1893-1897.
Shimodaira M, Nakayama T, Sato N, Saito K,
Morita A, Sato |, Takahashi T, Soma M, lzumi Y.
Association study of aromatase gene (CYP-
19A1) in essential hypertension. Int J Med Sci
2008; 5: 29.

Shimodaira M, Nakayama T, Sato |, Sato N,
Izawa N, Mizutani Y, Furuya K, Yamamoto T.
Estrogen synthesis genes CYP19A1, HSD3B1,
and HSD3B2 in hypertensive disorders of preg-
nancy. Endocrine 2012; 42: 700-707.
Beitelshees AL, Johnson JA, Hames ML, Gong
Y, Cooper-Dehoff RM, Wu J, Cresci S, Ma CX,
Pepine CJ, Province MA, Spertus JA, McLeod
HL. Aromatase gene polymorphisms are asso-
ciated with survival among patients with car-
diovascular disease in a sex-specific manner.
PLoS One 2010; 5: €15180.

Ramirez-Lorca R, Grilo A, Martinez-Larrad MT,
Manzano L, Serrano-Hernando FJ, Moron FJ,
Perez-Gonzalez V, Gonzalez-Sanchez JL,
Fresneda J, Fernandez-Parrilla R, Monux G,
Molero E, Sanchez E, Martinez-Calatrava MJ,
Saban-Ruiz J, Ruiz A, Saez ME, Serrano-Rios
M. Sex and body mass index specific regula-
tion of blood pressure by CYP19A1 gene vari-
ants. Hypertension 2007; 50: 884-890.

Peter |, Shearman AM, Zucker DR, Schmid CH,
Demissie S, Cupples LA, Larson MG, Vasan RS,
D’Agostino RB, Karas RH, Mendelsohn ME,
Housman DE, Levy D. Variation in estrogen-re-
lated genes and cross-sectional and longitudi-
nal blood pressure in the Framingham heart
study. J Hypertens 2005; 23: 2193-2200.

Int J Clin Exp Med 2017;10(2):1953-1966


mailto:myt_xj@sina.com
mailto:myt_xj@sina.com
mailto:fuzhenyan316@126.com

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

1966

CYP19A1 gene and hypertension

Ziv-Gal A, Gallicchio L, Miller SR, Zacur HA,
Flaws JA. A genetic polymorphism in the
CYP19A1 gene and the risk of hypertension
among midlife women. Maturitas 2012; 71:
70-75.

Peter |, Kelley-Hedgepeth A, Huggins GS,
Housman DE, Mendelsohn ME, Vita JA, Vasan
RS, Levy D, Benjamin EJ, Mitchell GF. Associ-
ation between arterial stiffness and variations
in oestrogen-related genes. Hum Hypertens
2009; 23: 636-644.

Baghaei F, Rosmond R, Westberg L, Hellstrand
M, Eriksson E, Holm G, Bjorntorp P. The cyp19
gene and associations with androgens and ab-
dominal obesity in premenopausal women.
Obes Res 2003; 11: 578-585.

Ellis JA, Wong ZY, Stebbing M, Harrap SB. Sex,
genes and blood pressure. Clin Exp Pharmacol
Physiol 2001; 28: 1053-1055.

Holland PW, Thayer DT. Differential item perfor-
mance and the Mantel-Haenszel procedure.
Test Validity 1988; 129-145.

DerSimonian R, Laird N. Meta-analysis in clini-
cal trials. Control Clin Trials 1986; 7: 177-188.
Sterne JA, Egger M. Funnel plots for detecting
bias in meta-analysis: guidelines on choice of
axis. J Clin Epidemiol 2001; 54: 1046-1055.
Staessen JA, Celis H, Fagard R. The epidemiol-
ogy of the association between hypertension
and menopause. J Hum Hypertens 1998; 12:
587-92.

Weiss NS. Relationship of menopause to se-
rum cholesterol and arterial blood pressure:
the United States Health Examination Survey
of Adults. Am J Epidemiol 1972; 96: 237-41.
Staessen J, Bulpitt CJ, Fagard R, Lijnen P,
Amery A. The influence of menopause on blood
pressure. J Hum Hypertens 1989; 3: 427-33.
Owens JF, Stoney CM, Matthews KA. Meno-
pausal status influences ambulatory blood
pressure levels and blood pressure changes
during mental stress. Circulation 1993; 88:
2794-802.

Casiglia E, d’Este D, Ginocchio G, Colangeli G,
Onesto C, Tramontin P, Ambrosio GB, Pessina
AC. Lack of influence of menopause on blood
pressure and cardiovascular risk profile: a 16
year longitudinal study concerning a cohort of
568 women. J Hypertens 1996; 14: 729-36.
Portaluppi F, Pansini F, Manfredini R, Mollica
G. Relative influence of menopausal status,
age, and body mass index on blood pressure.
Hypertension 1997; 29: 976-9.

Zanchetti A, Facchetti R, Gesana GC, Modena
MG, Pirrelli A, Sega R, SIMONA participants.
Menopause-related blood pressure increase
and its relationship to age and body mass in-
dex: the SIMONA epidemiological study. J
Hypertens 2005; 23: 2269-76.

(31]

(32]

(33]

(34]

(35]

[36]

(37]

(38]

[39]

[40]

[41]

[42]

Staessen JA, Ginocchio G, Thijs L, Fagard R.
Conventional and ambulatory blood pressure
and menopause in a prospective population
study. J Hum Hypertens 1997; 11: 507-14.
Poehlman ET, Toth MJ, Ades PA, Rosen CJ.
Menopause-associated changes in plasma lip-
ids, insulin-like growth factor 1 and blood pres-
sure: a longitudinal study. Eur J Clin Invest
1997; 27: 322-6.

Shelley JM, Green A, Smith AM, Dudley E,
Dennerstein L, Hopper J, Burger H. Relationship
of sex hormones to lipids and blood pressure
in mid-aged women. Ann Epidemiol 1998; 8:
39-45.

Staessen JA, Celis H, Fagard R. The epidemiol-
ogy of the association between hypertension
and menopause. J Hum Hypertens 1998; 12:
587-92.

Sebastian S, Bulun SE. A highly complex orga-
nization of the regulatory region of the human
CYP19 (aromatase) gene revealed by the
Human Genome Project. J Clin Endocrinol
Metab 2001; 86: 4600-4602.

Akhtar M, Wright JN, Lee-Robichaud P. A review
of mechanistic studies on aromatase (CYP19)
and 17a-hydroxylase-17,20-lyase (CYP17). J
Steroid Biochem Mol Biol 2011; 125: 2-12.
Armellini F, Zamboni M, Bosello O. Hormones
and body composition in humans: clinical stud-
ies. Int J Obes Relat Metab Disord 2000; 24
Suppl 2: S18-S21.

Park IH, Lee YS, Lee KS, Kim SY, Hong SH,
Jeong J, Lee H, Ro J, Nam BH. Single nucleo-
tide polymorphisms of CYP19A1 predict clini-
cal outcomes and adverse events associated
with letrozole in patients with metastatic
breast cancer. Cancer Chemother Pharmacol
2011; 68: 1263-1271.

Miron L, Negura L, Peptanariu D, Marinca M.
Research on aromatase gene (CYP19A1) poly-
morphisms as a predictor of endocrine therapy
effectiveness in breast cancer. Rev Med Chir
Soc Med Nat lasi 2012; 116: 997-1004.
Raskin L, Lejbkowicz F, Barnett-Griness O,
Dishon S, Almog R, Rennert G. BRCA1 breast
cancer risk is modified by CYP19 polymor-
phisms in Ashkenazi Jews. Cancer Epidemiol
Biomarkers Prev 2009; 18: 1617-1623.

Park SK, Andreotti G, Sakoda LC, Gao YT,
Rashid A, Chen J, Chen BE, Rosenberg PS,
Shen MC, Wang BS, Han TQ, Zhang BH, Yeager
M, Chanock S, Hsing AW. Variants in hormone-
related genes and the risk of biliary tract can-
cers and stones: a population-based study in
China. Carcinogenesis 2009; 30: 606-14.
Coban N, Onat A, Guclu-Geyik F, Can G, Erginel-
Unaltuna N. Sex and obesity-specific associ-
ation of aromatase (CYP19A1l) gene variant
with apolipoprotein B and hypertension. Arch
Med Res 2015; 46: 564-71.

Int J Clin Exp Med 2017;10(2):1953-1966



