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Abstract

Purpose Some data suggest an association between the single nucleotide polymorphisms AGT T704C, ACE /D, and ATIR
A1166C and preeclampsia, but overall, the data are conflicting; the aim of our study was to discover a more stable and reliable
association between these polymorphisms and PE risk.

Methods A comprehensive literature search for this meta-analysis was conducted. Odds ratios (OR) and 95% confidence
intervals (CIs) were calculated to evaluate the strength, and heterogeneity test was conducted. Trial sequential analysis was also
performed.

Results A total of forty studies were finally included in our meta-analysis. The AGT T704C polymorphism was associated with
PE risk in three genetic models (dominant OR = 1.33, 95%CI = 1.12-1.59; heterozygote OR = 1.26, 95%CI = 1.05-1.52;
homozygote OR = 1.44, 95%CI = 1.14-1.83). No heterogeneity was observed in the three genetic models for the ACE 1/D
polymorphism. For subgroup analysis by geography, no significant association was detected. Significant associations were
observed in mixed race, early-onset, late-onset, and more than 200 subgroups for the ATIR A1166C polymorphism; however,
only one study was analyzed in these subgroups.

Conclusions Our results indicated the AGT T704C and ACE I/D polymorphisms were associated with an increased risk of PE.
Increased risks were also observed for the two polymorphisms in subgroups including Asians, Europeans, Caucasoid, and
Mongoloid. Moreover, an increased PE risk with the ACE I/D polymorphism in the severe PE population was also detected.
Regarding the ATIR A1166C polymorphism, weak associations were observed, but further studies are required.

Keywords Polymorphism - AGT T704C - ACEI/D - ATIR A1166C - preeclampsia - risk

Introduction

Preeclampsia (PE) is a common complication of pregnancy
characterized by hypertension and proteinuria after 20 weeks
of gestation [1]; it is one of major causes of maternal-fetal and
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neonatal morbidity and mortality worldwide [2]. Knowing the
risk factors for preeclampsia is critical for its prevention and
treatment. Genetic factors play an important role in the genesis
and development of PE and the genetic susceptibility to pre-
eclampsia has generated great attention; the T allele of AGT
may play a role in the pathogenesis of PE reported by Aung
et al. [3],which indicated the gene polymorphisms in the
renin-angiotensin-aldosterone system (RAAS) may be risk
factors to PE.

During normal pregnancy, the upregulation of renin and
aldosterone triggered by the stimulation of the RAAS system
maintains the balance of blood volume and blood pressure [4];
however, for PE subjects, depression of the RAAS system
with increased vascular resistance was observed, suggesting
its crucial role in the pathogenesis of PE [5]. Angiotensin
(AGT), angiotensin converting enzyme (ACE), and angioten-
sin I type 1 receptor (AT1R) are the three pivotal nodes in the
RAAS system. The cleavage of AGT by renin contributes to
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the generation of angiotensin I, then ACE catalyzes the con-
version of angiotensin I to a physiologically active angiotensin
1I. Finally, by binding to AT1R, angiotensin II regulates blood
pressure by controlling sodium excretion [6]. Therefore, stud-
ies regarding the associations between single nucleotide poly-
morphisms in RAAS genes and PE risk are essential.

Associations between the polymorphisms of AGT T704C
(the substitution of C to T at exon 2), ACE I/D (the insertion or
deletion of an Alu 289 base pair sequence at intron 16), and
ATIR A1166C (the change from C to A at 3’'UTR) have been
widely studied with conflicting results. To our best knowl-
edge, differences in the geographic regions, ethnicity, and
sample size could be reasons for the inconsistency.
Moreover, the number of gestational weeks and the severity
of PE have been reported to be associated with RAAS suscep-
tibility gene polymorphisms [7-9], but these were not
discussed in previous meta-analyses. Therefore, we conducted
a comprehensive meta-analysis with trial sequential analysis
to investigate the associations between the polymorphisms
AGT T704C, ACE I/D, AT1R A1166C, and PE risk.

Methods
Literature search

PubMed, Embase, Google scholar, China National
Knowledge Internet (CNKI), Baidu Scholar, Wan Fang, and
VIP databases were comprehensively searched for studies re-
garding the associations between ACE insertion/deletion,
AGT T704, and ATIR A1166C polymorphisms and pre-
eclampsia susceptibility up to May 13, 2018. No language
limitation was set. The following key words were used to
discover relevant articles: “angiotensin-converting enzyme,”
“angiotensin,” “angiotensin II type 1 receptor,” “ACE,”
“AGT,” “ATIR,” “polymorphism,” “variant,” “single nucle-
otide polymorphism,” “SNP,” “preeclampsia,” “PE,” “hyper-
tension,” and “pregnancy-induced hypertension syndrome.”
The references of relevant studies were also screened by hand
to identify potential studies. Our work was based on the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) statement [10] (Fig. 1).

Inclusion and exclusion criteria

The inclusion criteria for studies were as follows: (1) case-
control studies discussing the relationship between ACE /D,
AGT T704C, ATIR A1166C polymorphisms, and pre-
eclampsia risk; (2) the diagnostic criteria for preeclampsia
were defined as gestational hypertension, assessed as SBP >
140 mmHg, DBP > 90 mmHg, and/or rise in SBP > 30 mmHg
or DBP > 15 mmHg on at least two occasions 6 h apart,
following 20 weeks of gestation, with marked proteinuria (>
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300 mg/24 h), or > 2+ proteinuria as tested by the dipstick
method [5, 11, 12]; (3) the frequencies of the related polymor-
phisms in patients and controls could be retrieved to calculate
odds ratio with 95% confidence intervals and to assess Hardy-
Weinberg equilibrium. The exclusion criteria were (1) reviews
or case reports or animal studies; (2) studies without reporting
detailed genotype data; and (3) duplicated studies.

Data extraction and quality assessment

The following information from eligible studies were extract-
ed by the first two authors: the first author’ name, publication
year, country, geography, ethnicity, PE maternal age, gesta-
tional weeks, PE degree, the genotype distributions and alleles
in the patient and control groups, the result of the Hardy-
Weinberg equilibrium, and the scores for quality assessment.
For gestational weeks, early-onset PE was defined as gestational
age (GA) between 20 and 33 weeks and 6 days, and late-onset
PE was defined as GA 34 weeks and above. Severe PE was
defined as severe hypertension (blood pressure > 160/
110 mmHg at least twice in a 24-h period) and/or severe protein-
uria (5 g/24 h), or as hypertension with multiorgan involvement
including fetal growth restriction or HELLP syndrome (hemoly-
sis, elevated liver enzymes, and low platelet count) [13]. Any
disagreement was resolved by group discussion with the corre-
sponding author. The qualities of included studies were assessed
by all the authors in accordance with the modified Newcastle-
Ottawa Scale (NOS) (Table S1) [14]. Studies with scores of 7
points or higher were considered to be of high quality.

Statistical analysis

The odds ratio (OR) and 95% confidence interval (95%CI) were
calculated to investigate the effect strength of the associations
between ACE I/D, AGT T704C, ATIR A1166C polymor-
phisms, and preeclampsia risk. The following genetic models
were used: allelic genetic model (ACE I/D: D VS I; AGT
T704C: C VS T; ATIR A1166C: C VS A), dominant genetic
model (ACE I/D: DD + DI VS II; AGT T704C: CC + CT VS
TT; ATIR A1166C: CC + CA VS AA), recessive genetic model
(ACE I/D: DD VS DI + II; AGT T704C: CC VS CT + TT;
ATIR A1166C: CC VS CA + AA), heterozygote genetic model
(ACE I/D: DI VS II; AGT T704C: CT VS TT; AT1R A1166C:
CA VS AA), and homozygote genetic model (ACE I/D: DD VS
II; AGT T704C: CC VS TT; ATIR A1166C: CC VS AA). The
Hardy-Weinberg equilibrium was assessed by the chi-squared
test for every study in the control group. Heterogeneity in the
meta-analysis was determined by the Cochrane’s Q-statistic test,
and the inconsistency was quantified with the I statistic (I* value
more than 50% or P value less than 0.10 was considered signif-
icant heterogeneity and the random effect model was used, oth-
erwise, the fixed-effect model was used). Sensitivity analysis was
performed by omitting one study at a time to assess the influence
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Fig. 1 PRISMA 2009 flow diagram

of each study on the pooled results. Subgroup analysis was con-
ducted, stratifying by geography (Asian, Europe, Africa,
America and Australia), ethnicity (Caucasoid, Mongoloid,
Black, Mixed race), gestational week (early-onset, late-onset,
mixed), PE degree (severe, mild, not mentioned), and patient
sample size (less than 100, between 100 and 200, more than
200). Publication bias was evaluated by a visual inspection of
funnel plot and Egger’s test [15]. If publication bias existed, the
“trim and fill” method was used; this method conservatively
imputes hypothetical negative unpublished studies to mirror the
positive studies that cause funnel plot asymmetry to further as-
sess the possible effect of publication bias [16, 17]. All analyses
were performed by Review Manager 5.3 and STATA 12.0 soft-
ware packages and P < 0.5 was considered statistically
significant.

Trial sequential analysis TSA (trial sequential analysis) (The
Copenhagen Trial Unit, Center for Clinical Intervention

Research, Denmark) is a methodology that combines an in-
formation size calculation (accumulated sample sizes of all
included trials) to reduce type I error and type II error for a
meta-analysis with the threshold of statistical significance
(http://www.ctu.dk/tsa). TSA was introduced into our meta-
analysis. The required information size was calculated based
on an overall type I error of 5%, a power of 90%, and a relative
risk reduction (RRR) assumption of 10%.

Results

The characteristics of eligible studies

Table 1 and Fig. 1 show the main characteristics of the
included studies and the study selection flow chart, respective-

ly. A total of forty studies were finally included in our meta-
analysis [1, 5, 7-9, 18-52], among which thirty-four studies
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involving 3977 patients and 7065 controls regarded the ACE
I/D polymorphism, eighteen studies involving 1814 patients
and 2892 controls regarded associations with AGT T704C
polymorphism, and twelve studies involving 2391 cases and
6604 controls regarded the ATIR A1166C polymorphism.

Meta-analysis results

Table 2 summarizes the overall and subgroup results regard-
ing the associations between the ACE I/D, AGT T704C, and
ATIR A1166C polymorphisms and PE risk. Extensive signif-
icant associations were observed for ACE I/D and AGT
T704C polymorphisms; however, for the ATIR A1166C
polymorphism, no association was detected.

AGT T704C polymorphism

As summarized in Table 2, the overall analysis indicated that
the AGT T704C polymorphism was associated with PE risk in
three genetic models (dominant genetic model: CC+CT VS
TT: OR = 1.33, 95%CI = 1.12-1.59 (Fig. 3); heterozygote
genetic model: OR = 1.26, 95%CI = 1.05-1.52: homozygote
genetic model: OR = 1.44, 95%CI = 1.14-1.83). No hetero-
geneity was observed in the three genetic models. For sub-
group analysis by geography, no significant association was
detected (Fig. 4b). As stratified by ethnicity, the AGT T704C
polymorphism was associated with PE risk both in Caucasoid
and Mongoloid populations (Caucasoid: dominant genetic
model: CC+CT VS TT: OR = 1.30, 95%CI = 1.05-1.60
(Fig. 5b); heterozygote genetic model: CT VS TT: OR =
1.28, 95%CI = 1.05-1.56. Mongoloid: allelic genetic model:
C VS T: OR = 1.60, 95%CI = 1.04—.44; recessive genetic
model: CCVS CT+TT: OR = 4.43, 95%CI = 2.57-7.62). No
associations were also observed in the severe or the mild sub-
group either. In the subgroup analysis by patient sample size,
significant associations were detected in the dominant (CC+
CT VS TT: OR = 1.60, 95%CI = 1.18-2.19), recessive (CC
VS CT+TT: OR =2.01, 95%CI = 1.50-2.71), and heterozy-
gote (CT VS TT: OR = 1.46, 95%CI = 1.05-2.02) genetic
model in more than 200 subgroups.

ACE 1/D polymorphism

In the overall analysis, significant associations with significant
heterogeneity were observed in the allelic genetic model (D
VS I: OR = 1.29, 95%CI = 1.16-1.44), the dominant genetic
model (DD+DI VS II: OR = 1.17, 95%CI = 1.05-1.31), the
recessive genetic model (DD VS DI+II: OR = 1.52, 95%CI =
1.18-1.94), and the homozygote genetic model (DD VS II:
OR = 1.55, 95%CI = 1.26-1.91) (Fig. 2). Galbraith plot anal-
yses were performed to further explore the sources of hetero-
geneity, and the figure showed that the studies performed by
Mello et al. [46], Gonzalez et al. [1], Choi et al. [45], Atalay et

@ Springer

al. [26], Zhanl et al. [32], Jiang et al. [34], and Ma et al. [18]
primarily contributed to the heterogeneity. After excluding
these studies, the heterogeneity decreased significantly (12 =
21% and PHeterogeneity = 0.14 for D VS [; 12 = 6% and
PHeterogeneity = 0.37 for DD+DI VS 1II; 12 = 14% and
PHeterogeneity = 0.25 for DD VS DI+II; 12 = 0 and
PHeterogeneity = 0.58 for DD VS II). For subgroup analysis
stratified by geography, the ACE ID polymorphism was sim-
ilarly associated with PE risk in three genetic models in the
Asian population (allelic genetic model: D VS I: OR = 1.31,
95%CI = 1.13—1.53; recessive genetic model: DD VS DI+II:
OR = 1.80, 95%CI = 1.33-2.43; homozygote genetic model:
DD VS II: OR = 1.53, 95%CI = 1.16-2.01 (Fig. 4a)).
Regarding the ethnicity subgroup analysis, significant associ-
ations were only observed in allelic (D VS I: OR = 1.39,
95%CI = 1.21-1.60) and homozygote genetic models (DD
VS II: OR = 1.68, 95%CI = 1.30-2.17) in Caucasoid.
However, for the subgroup analysis of gestational weeks, no
significant association was detected in both early-onset and
late-onset subgroups. In the severe PE subgroup, the ACE I/
D polymorphism was associated with PE in allelic genetic (D
VS1: OR =1.53,95%CI = 1.28-1.83), dominant (DD+DI VS
II: OR = 1.50, 95%CI = 1.11-2.04), and homozygote (DD VS
II: OR = 2.14, 95%CI = 1.49-3.09) genetic models. For the
subgroup of patient sample size less than 100, wide associa-
tions with PE risk were observed in allelic (D VSI: OR =1 .41,
95%CI = 1.19-1.66), dominant (DD+DI VS II: OR = 1.37,
95%CI = 1.09-1.73), recessive (DD VS DI+II: OR = 1.50,
95%CI = 1.05-2.15), and homozygote (DD VS II: OR = 1.85,
95%CI = 1.37-2.51 (Fig. 5a)) genetic models..

AT1R A1166C polymorphism

As shown in Table 2, significant associations were observed
in mixed race, early-onset, late-onset, and more than 200 sub-
groups; however, only one study was analyzed in these sub-
groups and the results required interpretation with caution
(Figs. 4 and 5).

Sensitivity analysis and publication bias

Sensitivity analysis was performed, and every study was omit-
ted one a time, without any effect on our overall statistical
results, indicating that the results were stable and reliable
(Fig. 6). Begg’s and Egger’s test were conducted to analyze
publication bias (P = 0.015 for ACE I/D polymorphism; P =
0.627 for AGT T704C polymorphism) (Fig. 7). Our results
indicated that publication bias was existed in ACE I/D poly-
morphism; therefore, we applied a sensitivity analysis using
the trim and fill method [16], which conservatively imputed
hypothetical negative unpublished studies to mirror the posi-
tive studies that cause funnel plot asymmetry; the imputed
studies of ACE I/D polymorphism produced a symmetrical
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Overall analysis of ACE I/D polymorphism and PE risk

PE Control

Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% Cl Year
Aung 2 79 91 M1 141 3.2%
Aung 1 83 104 1M1 141 3.6%
Gonzalez-Garrido 23 32 4 21 1.7%
Ma 14 104 36 158  3.4%
Jahan 109 145 64 93  38%
Rahimi 2 81 95 42 58  3.0%
Rahimi 1 43 54 42 58  27%
Atalay 32 38 22 42 22%
Xu 17 26 10 30 21%
Aggarwal 2 25 62 30 89 34%
Aggarwal 1 25 44 30 89 3.2%
Yue 2 8 21 6 30 1.8%
Yue 1 4 14 6 30 1.4%
Aggarwal 3 16 54 19 64  3.0%
Uma1 12 14 22 44  1.3%
Uma 2 7 19 22 4 21%
Deng 20 34 20 43 26%
Mando 2 26 32 151 223 26%
Mando 1 54 69 151 223 3.6%
Zhan 2 9 40 10 36 2.3%
Zhan 1 23 39 10 3B 25%
Miskovic 26 36 14 24 21%
Jiang 14 26 32 40  21%
Cui 2 3 13 4 21 1.2%
Cui1 8 17 4 21 1.5%
Benedetto 46 70 35 49  3.0%
songa 17 24 13 22 19%
Lia 25 49 15 26 25%
Kaur i 10 15 24 1.3%
Roberts 2 95 118 152 196  3.8%
Roherts 1 30 38 152 196  2.8%
Kim 50 116 50 112 4.0%
Gurdol 47 64 K} 52 3.0%
Galao 16 28 21 38 24%
Choi 36 62 14 48  3.0%
Bouba 7 22 29 50  2.0%
Mello 25 28 12 32 16%
Heiskanen 43 74 3 57  3.3%
Morgan 23 41 25 47 28%
Total (95% ClI) 1967 2748 100.0%
Total events 1238 1568

Heterogeneity: Tau®= 0.20; Chi*= 77.80, df= 38 (P = 0.0001); F=51%

Test for overall effect: Z= 4.18 (P < 0.0001)

Fig. 2 Overall analysis of ACE I/D polymorphism and PE risk

funnel plot [53] (Fig. 7a). The shape of funnel plot was
symmetrical for the AGT T704C polymorphism (Fig.
7b), implying that there was no publication bias for this
polymorphism.

Trial sequential analysis

We performed a TSA for the homozygote genetic model
of ACE 1I/D polymorphism and dominant genetic model
of AGT T704C polymorphism (Fig. 8). The results of
the two polymorphisms showed that the blue line of the
cumulative z-curve crossed the TSA monitoring bound-
ary and the cumulative sample size was reached, indi-
cating that no further studies were essential to confirm
the associations.

Odds Ratio

Odds Ratio
M-H, Random, 95% CI

1.78[0.86, 3.69] 2018 T
1.07 [0.57,2.00] 2018 —
10.86 [2.86, 41.24] 2017
0.53[0.27,1.04] 2015 —
1.37[0.77, 2.45) 2014 —
2.20(0.98, 4.95 2013 '
1.49[0.62, 3.58] 2013 —
4.85[1.68,14.02] 2012
3.78[1.25,11.45] 2012
1.33[0.68, 2.60) 2011 —
2.59(1.23,5.43] 2011
2.46 [0.70, 8.64] 2011 —
1.60[0.37,6.92] 2011
1.00(0.45,2.20] 2010 —
6.00[1.20, 30.00] 2010
0.58(0.19,1.76] 2010
1.64 [0.66, 4.08] 2010 —
2.07(0.81,5.24] 2009 =
1.72[0.91, 3.25) 2009 &
0.75(0.27,2.14] 2008 —]
3.74[1.42,9.85) 2008
1.86 [0.62, 5.53] 2008 —
0.29[0.10,0.87) 2008 ——————————
1.27 [0.24, 6.90] 2008
3.78(0.89, 16.05] 2008
0.77(0.35,1.69] 2007 —]
1.68(0.49,5.72] 2007 —
0.76(0.29,1.99] 2006 —]
1.40[0.29, 6.83] 2005
1.20 [0.68, 2.11] 2004 —
1.09(0.46,2.54] 2004 —
0.94 [0.56, 1.59] 2004 —
1.87 [0.86, 4.10] 2004 =
1.08 [0.40, 2.89] 2004 —_— T
3.36[1.51,7.49] 2004
2.46(0.78,7.73] 2003
13.89 (3.4, 56.05] 2003
1.16[0.58, 2.33] 2001 —
1.12[0.48, 2.61] 1999 —

1.55[1.26, 1.91]

—_—
_
>
—_—

A 4

4
.y
o

01 02 05 2
Protective Risky

Discussion

In pregnant women with PE, downregulated renin-angiotensin
system (RAS) activity is observed, resulting in increased
vascular responsiveness to angiotensin II [4]. The in-
creased plasm levels of angiotensin (AGT) and angio-
tensin converting enzyme (ACE) in PE subjects lead to
the augmentation of angiotensin II [5, 54]; moreover,
the pathophysiological effects of angiotensin II are en-
hanced by the upregulation of angiotensin II type 1
receptor (ATIR) [9], causing the dysregulation of blood
pressure. Gene polymorphisms were reported to be as-
sociated with the abnormal expression of mRNA and
protein [55, 56]. Our meta-analysis demonstrated that
the polymorphisms of AGT T704C and ACE I/D were
significantly associated with an increased risk of
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Overall analysis of AGT T704C polymorphism and PE risk

0Odds Ratio
-H, Fixed, 95% CI

PE Control Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95% Cl _Year
Zitouni 135 272 102 278 23.4% 1.70[1.21,2.39] 2018
Shahvaisizadeh 2 52 75 69 100 8.3% 1.02[0.53,1.94] 2014
Shahvaisizadeh 1 55 74 69 100 6.9% 1.30 [0.66, 2.55] 2014
Groten 1 16 27 118 175 59% 0.70[0.31,1.61] 2014
Groten 4 64 65 131 131 0.9% 0.16(0.01,4.07) 2014 ¢
Groten 3 16 16 131 131 Not estimable 2014
Groten 2 3 47 118 175 7.8% 0.94[0.47,1.85] 2014
Radkov 96 124 48 72 63% 1.71[0.90,3.27) 2013
Coral-Vazquez 219 230 332 352 58% 1.20[0.56, 2.55] 2013
Aggarwal 4 113 120 114 118 31% 0.57[0.16,1.99) 2010
Jenkins 1 107 152 158 238 16.8% 1.20[0.78,1.87) 2008
Jenkins 2 18 18 194 202 04% 1.62(0.09,29.15] 2008
Songa 38 45 32 45  23% 2.21[0.79,6.19] 2007
Procopciuc 2 7 8 3 6 02% 7.00(0.50, 97.75] 2002
Procopciuc 1 3 5 3 6 05% 1.50[0.14,16.54] 2002
Morgan 31 43 62 84  54% 0.92[0.40,2.09] 1999
Guo 2 43 58 46 81 4.6% 218 [1.05, 4.54] 1997
Guo1 72 76 45 48  1.3% 1.20[0.26, 5.61] 1997
Total (95% Cl) 1455 2342 100.0%  1.33[1.12, 1.59]
Total events 1116 1775

Heterogeneity: Chi*=15.25, df=16 (P = 0.51); F= 0%

lil T

¢

t
0.05 0.2 5 20
Test for overall effect: Z= 3.18 (P = 0.001) Protective Risky
Fig. 3 Overall analysis of AGT T704C polymorphism and PE risk
Subgroup analysis (stratified by Geography) of ACE I/D and AGT T704C polymorphisms and PE risk
Control ‘Odds Ratio Odds Ratio PE Control Odds Ratio Odds Ratio
Study or Subgroup __ Events Total Events Total Weight M.H, Random, 95% CI Year M.H, Random, 95% CI Study or Subgroup _ Events Total Events Total Weight M.H, Random, 95% Cl_Year M.H, Random, 95% CI
2.5.1 Asian 2.2.1 Asian
Ma 14 104 36 158 59% 053(0.27,1.04] 2015 Shahvaisizadeh 1 55 74 69 100 336% 1.30(0.66, 2.55) 2014 I e
Jahan 109 145 64 93 65% 1.37[0.77,2.45] 2014 Shahvaisizadeh 2 52 75 69 100 36.1% 1.02[0.53,1.94) 2014 —
Rahimi 1 43 54 42 58  47% 1.49(0.62,3.58) 2013 Aggarwal 4 113 120 114 118 9.6% 0.57(0.16,1.99] 2010 —
Rahimi 2 81 95 42 58 51% 2.20(0.98,4.95] 2013 Songa 38 45 32 45 143% 221(0.79,6.19) 2007 -
Atalay 32 38 22 42 39% 4.85(1.68,14.02) 2012 Guo 1 72 76 45 48 6.4% 1.20(0.26,5.61) 1997
Xu 17 26 10 30 37% 378[1.25,11.45] 2012 Subtotal (95% CI) 390 411 100.0% 1.18[0.80, 1.74] -
Aggarwal 2 25 62 30 89  59% 1.33(0.68,2.60] 2011 Total events. 330
Aggarwal 1 25 44 30 89 55% 259(1.23,5.43) 2011 Heterogeneity: Tau?= 0.00; Chi*= 3.01, df= 4 (P = 0.56); F= 0%
Yue 2 8 il 6 30 31% 2.46(0.70,8.64] 2011 Testfor overall effect: Z=0.82 (P = 0.41)
Yue 1 4 14 6 30 25% 1.60(0.37,6.92] 2011
Deng 20 34 20 43 46% 1.64(0.66,4.08) 2010 2.2.2 Europe
Aggarwal 3 16 54 19 64 52% 1.00(0.45,2.20] 2010 Groten 4 64 65 131 131 15% 016(0.01,407) 2014 ¥
Cui2 3 13 4 2 21% 1.27(0.24,6.90] 2008 Groten 1 16 27 118 175 19.0% 0.70(0.31,1.61] 2014 I e
Cuit 8 17 4 il 26% 3.78(0.89,16.05) 2008 Groten 2 3 47 118 175 266% 0.94(0.47,1.85] 2014 —_—
Jiang 14 26 32 40 37% 0.29(0.10,0.87) 2008 Groten 3 16 16 131 131 Not estimable 2014
Zhan 2 9 40 10 36 3.9% 0.75[0.27,2.14] 2008 Radkov 9 124 48 72 28.9% 1.71(0.90,3.27) 2013
Zhan1 23 39 10 36 43% 3.74[1.42,9.85] 2008 Procopciuc 1 3 5 3 6 26% 150(0.14,16.54] 2002
songa 17 24 13 22 3.2% 1.68(0.49,5.72) 2007 Procopciuc 2 7 8 3 6 21% 7.00(0.50,97.75) 2002
Lia 25 49 15 26 43% 0.76(0.29,1.99) 2006 rgan 31 43 62 84 193% 0.92(0.40,2.09) 1999
Kaur 7 10 15 24 2.3% 1.40[0.29,6.83) 2005 e Subtotal (95% CI) 335 780 100.0% 1.08 [0.73, 1.60]
Choi 36 62 14 48 51% 3.36[1.51,7.49] 2004 Total events. 264 614
Kim 50 116 50 112 68% 0.94(0.56,1.59) 2004 _ Heterogeneity: Tau*= 0.03; Ch*= 6.64, df= 6 (P = 0.36); F=10%
47 64 N 52 52% 1.87(0.86,4.10] 2004 T Testfor overall effect: Z= 0.40 (P = 0.69)
Subtotal (95% CI) 1151 1222 100.0% 1.53[1.16,2.01] L 4
Total events. 633 2.2.3 Africa
Heterogeneity: Tau®= 0.22; Chi*= 45.80, df= 22 (P = 0.002); F= 52% Zitouni 135 272 102 278 100.0% 1.70(1.21,2.39) 2018 t
Test for overall effect: Z= 3.03 (P = 0.002) Subtotal (95% Cl) 272 278 100.0% 1.70[1.21,2.39]
Total events 135 102
2.5.2 Europe Heterogeneity: Not applicable
Uma1 12 14 22 44 57% 6.00(1.20,30.00) 2010 _— Testfor overall effect: Z= 3.05 (P = 0.002)
Uma 2 7 19 22 44 9.0% 0.58(0.19,1.76] 2010 —_— 1
Mando 2 26 32 151 223 106% 2.07(0.81,5.24) 2009 T 2.2.4 America
Mando 1 54 69 151 223 137% 1.72(0.91,3.25] 2009 T Coral-Vazquez 213 230 332 352 249% 1.20[(0.56,2.55) 2013 I
Miskovic 26 36 14 24 91% 1.86(0.62,5.53] 2008 -1t Jenkins 2 18 18 194 202 1.7% 1.62(0.09,29.15] 2008
Benedetio % 70 35 49 12.0% 0.77(0.35,1.69) 2007 —_— Jenkins 1 107 152 158 238 73.4% 1.20(0.78,1.87] 2008 t
Bouba 17 22 29 50 86% 2.46(0.78,7.73) 2003 -1 Subtotal (95% CI) 400 792 100.0% 1.21[0.83, 1.76]
Mello 25 28 12 32 68% 13.89(3.44,56.05] 2003 —_— Total events. 344 684
Heiskanen 3 74 M 57 131% 1.16(0.58,2.33) 2001 —t— Heterogeneity: Tau?= 0.00; Chi*= 0.04, df= 2 (P = 0.98); F= 0%
Morgan 23 41 25 47 115% 1.12[0.48,2.61] 1999 I Testfor overall effect: Z=0.99 (P = 0.32)
Subtotal (95% CI) 405 793 100.0% 1.68 [1.06, 2.66] -
Total events. 279 492 2.2.5 Australia
Heterogeneity: Tau®= 0.29; Chi*= 20.75, df= 9 (P = 0.01); F=57% Guo 2 43 58 46 81 100.0% 218(1.05,4.54) 1997 t
Testfor overall effect: Z= 2.22 (P = 0.03) Subtotal (95% CI) 58 81 100.0% 2.18[1.05, 4.54]
Total events 43 46
2.5.3 Africa Heterogeneity: Not applicable
Aung 1 83 104 111 141 285% 1.07[0.57,2.00] 2018 —r Testfor overall effect: Z= 2.08 (P = 0.04)
Aung 2 79 9 11 141 21.0% 1.78(0.86,3.69] 2018 T
Roberts 1 30 38 152 196 155% 1.09(0.46,2.54] 2004 - 01 02 05 3 10
Roberts 2 95 118 152 196 34.9% 1.20(0.68,2.11] 2004 - Prc(ét(\ve Risky
Subtotal (95% CI) 351 674 100.0% 1.2410.89,1.73] - Test for subaroun differences: Chi*= 5.42. df= 4 (P = 0.25). F= 26.2%
Total events. 287 526
Heterogeneity: Tau*= 0.00; Chi*=1.27, df= 3 (P = 0.74); F= 0%
Testfor overall effect: Z=1.26 (P = 0.21)
2.5.4 America
Gonzalez-Garrido 23 32 4 21 480%  10.86(2.86,41.24] 2017 —
Galao 16 28 pal 38 520% 1.08(0.40,2.89] 2004 —
Subtotal (95% CI) 60 59 100.0% 3.27[0.34, 31.44] | e —

Total events. 39 25
Heterogeneity: Tau®= 2.31; Chi*= 7.46, df= 1 (P = 0.006), F= 87%
Test for overall effect: Z=1.03 (P = 0.30)

Testfor subaroun differences: Chi*=1.88. df= 3 (P = 0.60). F= 0%

01

02

05 2
Protective Risky

a ACEI/D polymorphism; Homozygote genetic model

10

b AGT T704C polymorphism; Dominant genetic model

Fig. 4 Subgroup analysis (stratified by geography) of ACE I/D and AGT T704C polymorphisms and PE risk
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Subgroup analysis (stratified by Ethnicity) of ACE I/D and AGT T704C polymorphisms and PE risk

Odds Ratio

PE Control
Study or Subgrouy
3.5.1 Caucasoid race

Jahan 109 145 B4 93 83%
Rahirmi 1 43 54 42 58 54%
Rahirmi 2 81 95 42 58 59%
Atalay 323 22 42 42%
Aggarwal 2 25 62 30 89 73%
Aggarwal 1 25 44 30 89 66%
Aggarwal 3 16 54 19 B4 BA%
Umat 12 14 22 44 22%
Uma 2 719 22 44 39%
Mando 2 2% 32 151 223 50%
Mando 1 54 69 151 223 76%
Miskovic % 3% 14 24 40%
Benedetto 4670 35 49 BA%
Kaur 7100 15 24 22%
Gurdol 47 B4 31 52 B2%
Bouba 17022 29 50 37%
Mello 25 28 12 32 27%
Heiskanen 4374 N 5T T0%

organ 22 41 25 47 57%
Subtotal (95% CI) o7 1362 100.0%

Total events 664 787

0dds Ratio

1.3710.77,2.45)

1.49 (0.

,3.56)

2.20(0.98,4.95)
4.85(1.68,14.02)
1.33(0.68, 2.60)
259(1.23,5.43)
1.00 (0.45,2.20)
6.00 [1.20,30.00)
0.58(0.19,1.76]
207 (0.81,5.24)
1.72(0.91,3.25)
1.86(0.62,5.53)
0.77(0.35,1.69)
1.40(0.29,6.83)
1.87(0.86,4.10)
2.46(0.78,7.73)

11
11

13.89(3.44,56.05)

6(0.58,2.33)
2(0.48,2.61)

1.68[1.30,2.17]

Heterogeneity: Tau®= 0.12; Chi*= 29.36, df= 18 (P = 0.04); = 39%

Test for overall effect: Z= 3.93 (P < 0.0001)

3.5.2 Mongoloid race

Ma 14 104 36 158 95%
Xu 17 26 10 30 68%
Yue 2 g 2 6 30 61%
Yue 1 4 14 6 30 51%
Deng 20 34 20 43 80%
Jiang 14 26 32 40 B9%
Cui 2 3 13 4 21 43%
Cui1 8 17 4 21 52%
Zhan 2 9 40 10 36 7.2%
Zhan1 23 39 10 36 76%
songa 17 24 13 22 62%
Lia 25 49 15 26 77%
Choi 36 62 14 48 87%
Kim 50 116 50 112 105%
Subtotal (95% CI) 585 653 100.0%
Total events 2

0.53(0.27,1.04)
3.78[1.25,11.45)
2.46(0.70,8.64)
1.60(0.37,6.92)
1.64(0.66,4.08)
0.29(0.10,0.87)
1.27(0.24,6.90)
3.78(0.89, 16.05)
0.75(0.27,2.14)
3.74(1.42,9.85)
1.68(0.49,5.72)
0.76(0.29,1.99)
3.36[1.51,7.49)
0.94 (0.56,1.59)
1.40[0.90,2.16]

48 230
Heterogeneity: Tau®= 0.40; Chi*= 34.80, df= 13 (P = 0.0009); F = 63%

Testfor overall effect Z=1.51 (P=0.13)

3.5.3 Neroid race

Aung 2 7991 111 141 21.0%
Aung 1 83 104 111 141 285%
Roberts 2 95 118 152 196 34.9%
Roberts 1 30 38 152 196 155%
Subtotal (95% CI) 351 674 100.0%
Total events 287 526

Heterogeneity: Tau®= 0.00; Chi*= 1.27, df= 3 (P = 0.74); = 0%

Testfor overall effect Z=1.26 (P = 0.21)

3.5.4 Mixed race

Gonzalez-Garrido 23 32 4 21 48.0%
Galao 16 28 il 38 520%
Subtotal (95% CI) 60 59 100.0%
Total events 39 25

Heterogeneity: Tau®= 2.31; Chi*= 7.46, df= 1 (P = 0.006); F= 87%

Testfor overall effect Z=1.03 (P = 0.30)

Testfor subaroun differences: Chi*= 2.51. df= 3 (P = 0.47). F= 0%

1.78(0.86,3.69)
1.07(0.57,2.00)
1.20(0.68,2.11)
1.09 (0.46,2.54)
1.24[0.89,1.73]

10.86 (2.86, 41.24)

1.08(0.40,2.89)
327034, 31.44]

Events Total Events Total Weight M-H,Random,95%Cl Year

2014
2013
2013
2012
2011
2011
2010
2010
2010
2009
2008
2008
2007
2005
2004
2003
2003
2001
1999

2015
2012
2011
2011
2010
2008
2008
2008
2008
2008
2007
2006
2004
2004

2018
2018
2004
2004

2017
2004

M-H, Rands

Ll

m, 95% CI

0.01

01
Protective Risl

a ACE I/D polymorphism; Homozygote genetic model
Fig. 5 Subgroup analysis (stratified by ethnicity) of ACE I/D and AGT T704C polymorphisms and PE risk

preeclampsia (PE) and weak associations of the ATIR

A1166C polymorphism with PE were observed.

Previous meta-analyses indicated an increased PE risk with
high heterogeneity of ACE I/D and AGT T704C

Meta-analysis estimates, given named study is omitted
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PE Control
Study or Subgrouy
3.2.1 Caucasoid race

Zitouni 135 272 102 278 24.4%
Shahvaisizadeh 1 55 74 63 100 86%
Shahvaisizadeh 2 52 75 63 100 91%
Groten 1 16 27 118 175  59%
Groten 2 31 a7 18 175 84%
Radkov 96 124 48 72 92%
Aggarwal 4 113 120 114 118 27%
Jenkins 1 107 152 158 238 171%
Procopciuc 2 7 8 3 6 06%
Procopciuc 1 3 5 3 6 08%
Morgan 343 62 84 59%
Guo 2 58 46 81 7.3%
Subtotal (95% CI) 1005 1433 100.0%

Total events 689 910

Heterogeneity: Tau?= 0.02; Chi*=12.58, df= 11 (P = 0.32); F= 13%

Testfor overall effect: Z= 2.43 (P = 0.02)

3.2.2 Mongoloid race

Songa 38 45 32 45 691%
Guo 1 72 76 45 48 30.9%
Subtotal (95% Cl) 121 93 100.0%
Total events 110

Heterogeneity. Tau*= 0.00; Chi*= 0.41, df=1 (P = 0.52); F= 0%
Test for overall effect Z=1.38 (P=0.17)

3.2.3 Neroid race

Groten 4 64 65 131 131 451%
Groten 3 16 16 131 131

Jenkins 2 18 18 194 202 549%
Subtotal (95% CI) 99 464 100.0%
Total events 98 456

Heterogeneity. Tau®= 0.20; Chi*= 1.08, df=1 (P = 0.30); F= 7%
Testfor overall effect. Z= 0.48 (P = 0.63)

3.2.4 Mixed race

Coral-Vazquez 219 230 332 352 100.0%
Subtotal (95% Cl) 230 352 100.0%
Total events 219 332

Heterogeneity: Not applicable
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polymorphisms, but no association was observed for the
ATIR A1166C polymorphism [57-60]. However, the latest
meta-analysis was performed in 2012, and in subsequent
years, several studies conducted in different regions and

Sensitivity analysis of ACE I/D and AGT T704C polymorphisms and PE risk
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Begg’ sand filled funnel plot of ACE I/D and AGT T704C polymorphisms and PE risk
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Trial sequential analysis of ACE I/D and AGT T704C polymorphisms and PE risk

a AcEID polymorphism; Homozygote genetic model

b AGT T704C polymorphism; Dominant genetic model

Fig. 8 Trial sequential analysis of ACE I/D and AGT T704C polymorphisms and PE risk
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ethnicities were published. An increased frequency of AT1R
AC + CC genotypes in mild preeclamptic women was report-
ed by Rahimi et al [9]. An interaction between the AGT
T704C and ACE I/D polymorphisms and the risk of severe
preeclampsia or the time onset of PE were observed [7, 8], but
these were not analyzed in any former meta-analysis.
Drawbacks in terms of high heterogeneity, slack inclusion
criteria for subjects from different regions and ethnicities,
the lack of evaluation of type 1 error and sample size on
significant associations, the vague associations between these
polymorphisms and the risk of severe PE, and different onset
times of PE greatly aroused our interest. Therefore, we per-
formed an updated meta-analysis with trial sequential analysis
to consider the undiscussed above-mentioned issue.
Regarding the AT1R A1166C polymorphism, significant as-
sociations in mixed race, early-onset, late-onset, and more
than 200 patient sample size were discovered; however, only
one study was analyzed in these subgroups, implying low
representativeness of the ATIR A1166C polymorphism and
further studies are essential.

In the overall analysis of the AGT T704C polymorphism, a
33% increased PE risk of CC + CT genotypes was observed. The
1.26-fold and 1.44-fold increased risk of PE in CT genotypes and
CC genotypes, respectively, were also detected compared to TT
genotypes. No heterogeneity in the genetic models and the pos-
itive results from the trial sequential analysis ensured the stability
and reliability of our result. In the subgroup analysis stratified for
geography, no significant association was detected; however,
increased risks were observed in Caucasoid (the 1.30-fold and
1.28-fold increased risk of CC + CT genotype and CT genotype
compared to TT genotype) and Mongoloid (the 60% increased of
C allele in allelic genetic model; the 4.43-fold increased risk of
DD genotype in recessive genetic model). In the severe PE de-
gree subgroup analysis, no association was observed both in
either severe or mild PE populations, possibly due to the small
sample size, more studies are required. In the more than 200
patient sample size, increased risks were observed in the domi-
nant, recessive, and heterozygote genetic models; however, the
relatively small number of included studies in the subgroup in-
dicated that these associations need to be interpreted with
caution.

For the ACE I/D polymorphism, the D allele increased the
risk of PE compared to I allele by 1.29-fold; moreover, the DD
+ DI, DD and DD genotypes increased risk by 17%, 52%, and
55% compared to II, DI + II, and II genotypes, respectively.
Significant heterogeneity was observed in the overall analysis.
We performed a Galbraith plot analysis to study potential
heterogeneity analysis, and after excluding these studies [1,
18, 26, 32, 34, 45, 46], high heterogeneity was significant
reduced. We did a comprehensive literature reviewed in these
excluded studies; the mixed ethnicities, differences in geogra-
phy, and patient sample size may be the reasons for the high
heterogeneity. Therefore, a full subgroup analysis was

conducted. In Asian populations including subjects from
China, South Korea, Turkey, Iran, India, and Japan, the in-
creased risk of PE in D allele (allelic genetic model), DD
genotype (recessive genetic model), and DD genotype was
1.31-fold, 1.80-fold, and 1.53-fold, respectively. Regarding
subjects from Europe (UK, Italy, Greece, and Norway), a
33% increased risk of PE in D allele (allelic genetic model)
and a 68% increased risk of PE in DD genotypes (homozygote
genetic model) were detected, appearing as though the
Europeans had more risk of PE than did to Asians. In the
subgroup analysis by ethnicity, increased risk of PE was only
discovered in Caucasoid population, consistent with results of
previous studies [57, 59, 61, 62]. We introduced PE degree
and gestational week as subgroups to assess the potential re-
lationships between the ACE I/D polymorphism and severe
PE degree and onset time of PE. In the severe PE population,
widely increased risks were observed, and we also detected a
greater risk of PE than in the mild PE population. However, no
significant association was detected for early-onset or late-
onset of PE. For the patient sample subgroup analysis, in-
creased risks were also observed.

There were several limitations in this meta-analysis. Firstly,
language bias existed in our results; although no language
limitation was set, only English and Chinese articles were
included. Secondly, the sample size of included studies in
the subgroup analysis of PE degree and onset time of PE were
relatively small in some groups, implying that our results
should be explained with caution. Finally, the potential influ-
ence of environment factors on genotype-PE associations is
worthy of consideration.

Our results indicated that the AGT T704C and ACE
I/D polymorphisms were associated with an increased
risk of PE. Increased risks were also observed for the
two polymorphisms in subgroups including Asians,
Europeans, Caucasoid, and Mongoloid. Furthermore, an
increased PE risk with the ACE I/D polymorphism in
the severe PE population was also detected. Regarding
the ATIR A1166C polymorphism, weak associations
were observed and further studies are required.

Funding This work is supported by grants from the National Natural
Science Foundation of China (Nos. 81460238) and Jiangxi Province
Science and Technology Support Project (Nos. 20142BBG70101,
20171BAB205013). The funder, Shuhui Huang, was responsible for
the article.

Data availability The datasets generated during and/or analyzed during
the current study are available from the corresponding author on reason-
able request.

Compliance with ethical standards

Competing interests
interests.

The authors declare that they have no competing

@ Springer



3140

J Assist Reprod Genet (2020) 37:3121-3142

Ethical approval and informed consent Ethical approval and informed
consent were not necessary according to local legislation because of the
type of study (meta-analysis).

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article
are included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the
article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Gonzalez-Garrido JA, Garcia-Sanchez JR, Tovar-Rodriguez JM,
Olivares-Corichi IM. Preeclampsia is associated with ACE I/D
polymorphism, obesity and oxidative damage in Mexican women.
Pregnancy Hypertens. 2017;10:22—7. https://doi.org/10.1016/j.
preghy.2017.04.001.

2. Jeyabalan A. Epidemiology of preeclampsia: impact of obesity.
Nutr Rev. 2013;71(suppl_1):S18-25.

3. Yong HE, Murthi P, Brennecke SP, Moses EK. Genetic approaches
in preeclampsia. Preeclampsia. Springer; 2018. p. 53-72.

4. Aung M, Konoshita T, Moodley J, Gathiram P. Association of gene
polymorphisms of four components of renin-angiotensin-
aldosterone system and preeclampsia in South African black wom-
en. Eur J Obstet Gynecol Reprod Biol. 2017;215:180-7. https:/doi.
org/10.1016/j.ejogrb.2017.05.011.

5. Zitouni H, Ben Ali Gannoum M, Raguema N, Maleh W, Zouari I,
Faleh RE, et al. Contribution of angiotensinogen M235T and
T174M gene variants and haplotypes to preeclampsia and its sever-
ity in (North African) Tunisians. J Renin-Angiotensin-Aldosterone
Syst. 2018;19(1):1470320317753924. https://doi.org/10.1177/
1470320317753924.

6. Hall J. Control of sodium excretion by angiotensin II: intrarenal
mechanisms and blood pressure regulation. Am J Phys Regul
Integr Comp Phys. 1986;250(6):R960-R72.

7.  Aung M, Konoshita T, Moodley J, Gathiram P. Association of gene
polymorphisms of aldosterone synthase and angiotensin converting
enzyme in pre-eclamptic South African Black women. Pregnancy
Hypertens. 2018;11:38-43. https://doi.org/10.1016/j.preghy.2017.
12.004.

8. Shahvaisizadeh F, Movafagh A, Omrani MD, Vaisi-Raygani A,
Rahimi Z, Rahimi Z. Synergistic effects of angiotensinogen -217
G—>A and T704C (M235T) variants on the risk of severe pre-
eclampsia. J Renin-Angiotensin-Aldosterone Syst. 2014;15(2):
156-61. https://doi.org/10.1177/1470320312467555.

9. Rahimi Z, Rahimi Z, Mozafari H, Parsian A. Preeclampsia and
angiotensin converting enzyme (ACE) I/D and angiotensin II
type-1 receptor (ATIR) A1166C polymorphisms: association with
ACE 1I/D polymorphism. J Renin-Angiotensin-Aldosterone Syst.
2013;14(2):174-80. https://doi.org/10.1177/1470320312448950.

10.  Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA state-
ment. Ann Intern Med. 2009;151(4):264-9 w64.

11. Herraiz I, Llurba E, Verlohren S, Galindo A. Update on the diag-
nosis and prognosis of preeclampsia with the aid of the sFlt-1/ PIGF

@ Springer

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

ratio in singleton pregnancies. Fetal Diagn Ther. 2018;43(2):81-9.
https://doi.org/10.1159/000477903.

Goedegebure EAR, Koning SH, Hoogenberg K, Korteweg FJ,
Lutgers HL, Diekman MJM, et al. Pregnancy outcomes in women
with gestational diabetes mellitus diagnosed according to the
WHO-2013 and WHO-1999 diagnostic criteria: a multicentre ret-
rospective cohort study. BMC Pregnancy Childbirth. 2018;18(1):
152. https://doi.org/10.1186/s12884-018-1810-5.

ACOG practice bulletin. Diagnosis and management of preeclamp-
sia and eclampsia. Number 33, January 2002. Obstet Gynecol.
2002;99(1):159-67.

Stang A. Critical evaluation of the Newcastle-Ottawa scale for the
assessment of the quality of nonrandomized studies in meta-analy-
ses. Eur J Epidemiol. 2010;25(9):603-5. https://doi.org/10.1007/
$10654-010-9491-z.

Niemeyer H, Musch J, Pietrowsky R. Publication bias in meta-
analyses of the efficacy of psychotherapeutic interventions for de-
pression. J Consult Clin Psychol. 2013;81(1):58-74.

Duval S, Tweedie R. Trim and fill: A simple funnel-plot-based
method of testing and adjusting for publication bias in meta-analy-
sis. Biometrics. 2000;56(2):455-63.

Wang X, Cheng W, Ma Y, Zhu J. Vitamin D receptor gene FokI but
not Taql, Apal, Bsml polymorphism is associated with Hashimoto's
thyroiditis: a meta-analysis. Sci Rep. 2017;7:41540. https://doi.org/
10.1038/srep41540.

Ma L, Fan P, Liu XH, He GL, Liu R, Ren RM, et al. Interaction
between GNB3 C825T and ACE I/D polymorphisms in pre-
eclampsia. Sichuan Da Xue Xue Bao Yi Xue Ban. 2015;46(1):
118-22.

Jahan P, Deepthi G, Komaravalli PL, Usha RV. A study on the role
of HLA-G 14 bp and ACE IN/DEL polymorphisms in pre-
eclamptic South Indian women. Pregnancy Hypertens. 2014;4(2):
164-9. https://doi.org/10.1016/j.preghy.2014.03.002.

Groten T, Schleussner E, Lehmann T, Reister F, Holzer B, Danso
KA, et al. eNOSI4 and EPHX1 polymorphisms affect maternal
susceptibility to preeclampsia: analysis of five polymorphisms pre-
disposing to cardiovascular disease in 279 Caucasian and 241
African women. Arch Gynecol Obstet. 2014;289(3):581-93.
https://doi.org/10.1007/s00404-013-2991-9.

Song C, Xie S, Wang J, Lian J, Diao B, Tang Y. Association of
angiotensinogen gene polymorphisms and angiogenic factors with
preeclampsia in Chinese women. Gynecol Obstet Investig.
2013;76(1):64-8. https://doi.org/10.1159/000352070.

Radkov OV, Kalinkin MN, Zavarin VV. Genophenotypic analysis
of angiotensinogen gene M235T polymorphism and preeclampsia.
Bull Exp Biol Med. 2013;154(3):354-6.

Kvehaugen AS, Melien O, Holmen OL, Laivuori H, Oian P,
Andersgaard AB, et al. Single nucleotide polymorphisms in G pro-
tein signaling pathway genes in preeclampsia. Hypertension.
2013;61(3):655-61. https://doi.org/10.1161/hypertensionaha.111.
00331.

Coral-Vazquez RM, Romero Arauz JF, Canizales-Quinteros S,
Coronel A, Valencia Villalvazo EY, Hernandez Rivera J, et al.
Analysis of polymorphisms and haplotypes in genes associated
with vascular tone, hypertension and oxidative stress in Mexican-
Mestizo women with severe preeclampsia. Clin Biochem.
2013;46(7-8):627-32. https://doi.org/10.1016/j.clinbiochem.2012.
12.016.

Xu YY, Cai QH. Study of Angiotensin-converting enzyme gene
polymorphism and angiotensin with Preeclampsia. Jiangxi Med J.
2012;47(10):849-51.

Atalay MA, Ozerkan K, Karkucak M, Yakut T, Atik Y, Develioglu
OH. Polymorphisms in angiotensin-converting enzyme and gluta-
thione s-transferase genes in Turkish population and risk for pre-
eclampsia. Clin Exp Obstet Gynecol. 2012;39(4):466-9.


https://doi.org/
https://doi.org/10.1016/j.preghy.2017.04.001
https://doi.org/10.1016/j.preghy.2017.04.001
https://doi.org/10.1016/j.ejogrb.2017.05.011
https://doi.org/10.1016/j.ejogrb.2017.05.011
https://doi.org/10.1177/1470320317753924
https://doi.org/10.1177/1470320317753924
https://doi.org/10.1016/j.preghy.2017.12.004
https://doi.org/10.1016/j.preghy.2017.12.004
https://doi.org/10.1177/1470320312467555
https://doi.org/10.1177/1470320312448950
https://doi.org/10.1159/000477903
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1038/srep41540
https://doi.org/10.1038/srep41540
https://doi.org/10.1016/j.preghy.2014.03.002
https://doi.org/10.1007/s00404-013-2991-9
https://doi.org/10.1159/000352070
https://doi.org/10.1161/hypertensionaha.111.00331
https://doi.org/10.1161/hypertensionaha.111.00331
https://doi.org/10.1016/j.clinbiochem.2012.12.016
https://doi.org/10.1016/j.clinbiochem.2012.12.016

J Assist Reprod Genet (2020) 37:3121-3142

3141

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

Yue BM, He GL, Liu XH. Polymorphisms of angiotensin-
converting enzyme gene in pre-eclampsia. Med J West China.
2011;23(05):850-3.

Uma R, Forsyth SJ, Struthers AD, Fraser CG, Godfrey V, Murphy
DJ. Polymorphisms of the angiotensin converting enzyme gene in
early-onset and late-onset pre-eclampsia. J] Matern Fetal Neonatal
Med. 2010;23(8):874-9. https://doi.org/10.3109/
14767050903456667.

Aggarwal PK, Jain V, Jha V. Endothelial nitric oxide synthase,
angiotensin-converting enzyme and angiotensinogen gene poly-
morphisms in hypertensive disorders of pregnancy. Hypertens
Res. 2010;33(5):473-7. https://doi.org/10.1038/hr.2010.23.
Mando C, Antonazzo P, Tabano S, Zanutto S, Pileri P, Somigliana
E, et al. Angiotensin-converting enzyme and adducin-1 polymor-
phisms in women with preeclampsia and gestational hypertension.
Reprod Sci. 2009;16(9):819-26. https://doi.org/10.1177/
1933719109336612.

Akbar SA, Khawaja NP, Brown PR, Tayyeb R, Bamfo J,
Nicolaides KH. Angiotensin II type 1 and 2 receptors gene poly-
morphisms in pre-eclampsia and normal pregnancy in three differ-
ent populations. Acta Obstet Gynecol Scand. 2009;88(5):606—11.
https://doi.org/10.1080/00016340902859307.

Zhan WX, Zheng JS. Relationship between angiotensin conver ting
enzyme gene polymorphism and sever e pr eeclampsia and pr-
eeclampsia complicating renal dysfunction. Jiangxi Med J.
2008;43(08):782—4.

Miskovic B, Sertic J, Stavljenic-Rukavina A, Stipoljev F.
Association of angiotensin-converting enzyme insertion-deletion
polymorphism with preeclampsia. Coll Antropol. 2008;32(2):
339-43.

Jiang MQ, Fu F. Relationship between angiotensin system related
gene polymorphism and pregnancy hypertension disorders. Pract
Clin Med. 2008;09(05):25-8.

Jenkins LD, Powers RW, Cooper M, Gallaher MJ, Markovic N,
Ferrell R, et al. Preeclampsia risk and angiotensinogen polymor-
phisms M235T and AGT -217 in African American and Caucasian
women. Reprod Sci. 2008;15(7):696-701. https://doi.org/10.1177/
1933719108316984.

Cui HY, Chen X. The relationship between I/D polymorphism of
angiotensin converting enzyme gene and early severe pre-eclamp-
sia. Matern Child Health Care China. 2008;23(11):1545-6.

Huang Y, Li YX, Shao JC, Sun LJ. Study on the relationship be-
tween gene polymorphism of renin angiotensin system gene and
their interaction in preeclampsia. Med Pharm Yunnan.
2007;28(01):8-11.

Benedetto C, Marozio L, Ciccone G, Chieppa G, Quaglia M,
Matullo G, et al. Synergistic effect of renin-angiotensin system
and nitric oxide synthase genes polymorphisms in pre-eclampsia.
Acta Obstet Gynecol Scand. 2007;86(6):678-82. https://doi.org/10.
1080/00016340701415269.

LiH, Ma YY, Wang LY. The relationship between the ACE gene
I/D polymorphism and hypertension and renal impairing in pre-
eclamptic patient. Chin J Clin Obsterics Gynecol. 2006;7(6):411—
3,76.

Seremak-Mrozikiewicz A, Dubiel M, Drews K, Breborowicz GH,
Mrozikiewicz PM. 1166C mutation of angiotensin II type 1 recep-
tor gene is correlated with umbilical blood flow velocimetry in
women with preeclampsia. J Matern Fetal Neonatal Med.
2005;17(2):117-21. https://doi.org/10.1080/14767050500043400.
Kaur R, Jain V, Khuller M, Gupta I, Sherawat BS. Association of
angiotensin-converting enzyme gene polymorphism with
pregnancy-induced hypertension. Acta Obstet Gynecol Scand.
2005;84(10):929-33. https://doi.org/10.1111/1.0001-6349.2005.
00724 x.

Kim YJ, Park MH, Park HS, Lee KS, Ha EH, Pang MG.
Associations of polymorphisms of the angiotensinogen M235

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

polymorphism and angiotensin-converting-enzyme intron 16
insertion/deletion polymorphism with preeclampsia in Korean
women. Eur J Obstet Gynecol Reprod Biol. 2004;116(1):48-53.
https://doi.org/10.1016/j.ejogrb.2004.01.035.

Gurdol F, Isbilen E, Yilmaz H, Isbir T, Dirican A. The association
between preeclampsia and angiotensin-converting enzyme
insertion/deletion polymorphism. Clin Chim Acta. 2004;341(1-2):
127-31. https://doi.org/10.1016/j.cccn.2003.11.010.

Galao AO, de Souza LH, da Costa BE, Scheibe RM, Poli de
Figueiredo CE. Angiotensin-converting enzyme gene polymor-
phism in preeclampsia and normal pregnancy. Am J Obstet
Gynecol. 2004;191(3):821-4. https://doi.org/10.1016/j.ajog.2004.
01.047.

Choi H, Kang JY, Yoon HS, Han SS, Whang CS, Moon IG, et al.
Association of Angiotensin-converting enzyme and
angiotensinogen gene polymorphisms with preeclampsia. J
Korean Med Sci. 2004;19(2):253-7. https://doi.org/10.3346/jkms.
2004.19.2.253.

Mello G, Parretti E, Gensini F, Sticchi E, Mecacci F, Scarselli G,
et al. Maternal-fetal flow, negative events, and preeclampsia: role of
ACE I/D polymorphism. Hypertension. 2003;41(4):932-7. https:/
doi.org/10.1161/01.hyp.0000063146.40351 .ad.

Bouba I, Makrydimas G, Kalaitzidis R, Lolis DE, Siamopoulos KC,
Georgiou I. Interaction between the polymorphisms of the renin-
angiotensin system in preeclampsia. Eur J Obstet Gynecol Reprod
Biol. 2003;110(1):8-11.

Procopciuc L, Jebeleanu G, Surcel I, Puscas M. Angiotensinogen
gene M235T variant and pre-eclampsia in Romanian pregnant
women. J Cell Mol Med. 2002;6(3):383-8.

Heiskanen JT, Pirskanen MM, Hiltunen MJ, Mannermaa AJ,
Punnonen KR, Heinonen ST. Insertion-deletion polymorphism in
the gene for angiotensin-converting enzyme is associated with ob-
stetric cholestasis but not with preeclampsia. Am J Obstet Gynecol.
2001;185(3):600-3. https://doi.org/10.1067/mob.2001.116722.
Morgan L, Foster F, Hayman R, Crawshaw S, Baker PN,
Broughton Pipkin F, et al. Angiotensin-converting enzyme
insertion-deletion polymorphism in normotensive and pre-
eclamptic pregnancies. J Hypertens. 1999;17(6):765-8.

Morgan L, Crawshaw S, Baker PN, Broughton Pipkin F, Kalsheker
N. Maternal and fetal angiotensinogen gene allele sharing in pre-
eclampsia. Br J Obstet Gynaecol. 1999;106(3):244-51.

Guo G, Wilton AN, Fu Y, Qiu H, Brennecke SP, Cooper DW.
Angiotensinogen gene variation in a population case-control study
of preeclampsia/eclampsia in Australians and Chinese.
Electrophoresis. 1997;18(9):1646-9. https://doi.org/10.1002/elps.
1150180929.

Willi C, Bodenmann P, Ghali WA, Faris PD, Cornuz J. Active
smoking and the risk of type 2 diabetes: a systematic review and
meta-analysis. Jama. 2007;298(22):2654—64. https://doi.org/10.
1001/jama.298.22.2654.

Bereketoglu C, Kasap M, Pazarbasi A. Studies on angiotensin-
converting enzyme insertion/deletion polymorphism and genotype
distributions in Turkish preeclampsia patients. J Pregnancy.
2012;2012:108206—4. https://doi.org/10.1155/2012/108206.
Wijaya E, Frith MC, Horton P, Asai K. Finding protein-coding
genes through human polymorphisms. PLoS One. 2013;8(1):
€54210. https://doi.org/10.1371/journal.pone.0054210.

Akdeli N, Riemann K, Westphal J, Hess J, Siffert W, Bachmann
HS. A 3'UTR polymorphism modulates mRNA stability of the
oncogene and drug target Polo-like Kinase 1. Mol Cancer.
2014;13:87. https://doi.org/10.1186/1476-4598-13-87.

Gong FF, Hu CY, Lu SS, Qian ZZ, Feng F, Wu YL, et al.
Associations of angiotensin-converting enzyme insertion/deletion,
angiotensin II receptor A1166C, and endothelial nitric oxide syn-
thase 4b/a gene polymorphisms with pregnancy hypertensive

@ Springer


https://doi.org/10.3109/14767050903456667
https://doi.org/10.3109/14767050903456667
https://doi.org/10.1038/hr.2010.23
https://doi.org/10.1177/1933719109336612
https://doi.org/10.1177/1933719109336612
https://doi.org/10.1080/00016340902859307
https://doi.org/10.1177/1933719108316984
https://doi.org/10.1177/1933719108316984
https://doi.org/10.1080/00016340701415269
https://doi.org/10.1080/00016340701415269
https://doi.org/10.1080/14767050500043400
https://doi.org/10.1111/j.0001-6349.2005.00724.x
https://doi.org/10.1111/j.0001-6349.2005.00724.x
https://doi.org/10.1016/j.ejogrb.2004.01.035
https://doi.org/10.1016/j.cccn.2003.11.010
https://doi.org/10.1016/j.ajog.2004.01.047
https://doi.org/10.1016/j.ajog.2004.01.047
https://doi.org/10.3346/jkms.2004.19.2.253
https://doi.org/10.3346/jkms.2004.19.2.253
https://doi.org/10.1161/01.hyp.0000063146.40351.ad
https://doi.org/10.1161/01.hyp.0000063146.40351.ad
https://doi.org/10.1067/mob.2001.116722
https://doi.org/10.1002/elps.1150180929
https://doi.org/10.1002/elps.1150180929
https://doi.org/10.1001/jama.298.22.2654
https://doi.org/10.1001/jama.298.22.2654
https://doi.org/10.1155/2012/108206
https://doi.org/10.1371/journal.pone.0054210
https://doi.org/10.1186/1476-4598-13-87

3142

J Assist Reprod Genet (2020) 37:3121-3142

S8.

59.

60.

disorders: a meta-analysis. J Clin Hypertens (Greenwich).
2015;17(12):954-62. https://doi.org/10.1111/jch.12606.

Zhu M, Zhang J, Nie S, Yan W. Associations of ACE I/D, AGT
M235T gene polymorphisms with pregnancy induced hypertension
in Chinese population: a meta-analysis. J Assist Reprod Genet.
2012;29(9):921-32. https://doi.org/10.1007/s10815-012-9800-4.
Zhong WG, Wang Y, Zhu H, Zhao X. Meta analysis of
angiotensin-converting enzyme I/D polymorphism as a risk factor
for preeclampsia in Chinese women. Genet Mol Res. 2012;11(3):
2268-76. https://doi.org/10.4238/2012.May.21.1.

Zhao L, Dewan AT, Bracken MB. Association of maternal AGTR1
polymorphisms and preeclampsia: a systematic review and meta-
analysis. J] Matern Fetal Neonatal Med. 2012;25(12):2676-80.
https://doi.org/10.3109/14767058.2012.708370.

@ Springer

62.

Chen Z, XuF, Wei Y, Liu F, Qi H. Angiotensin converting enzyme
insertion/deletion polymorphism and risk of pregnancy hyperten-
sive disorders: a meta-analysis. J Renin-Angiotensin-Aldosterone
Syst. 2012;13(1):184-95. https://doi.org/10.1177/
1470320311427755.

Serrano NC, Diaz LA, Paez MC, Mesa CM, Cifuentes R,
Monterrosa A, et al. Angiotensin-converting enzyme /D polymor-
phism and preeclampsia risk: evidence of small-study bias. PLoS
Med. 2006;3(12):e520. https://doi.org/10.1371/journal.pmed.
0030520.

Publisher's note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.


https://doi.org/10.1111/jch.12606
https://doi.org/10.1007/s10815-012-9800-4
https://doi.org/10.4238/2012.May.21.1
https://doi.org/10.3109/14767058.2012.708370
https://doi.org/10.1177/1470320311427755
https://doi.org/10.1177/1470320311427755
https://doi.org/10.1371/journal.pmed.0030520
https://doi.org/10.1371/journal.pmed.0030520

	Three polymorphisms of renin-angiotensin system and preeclampsia risk
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Literature search
	Inclusion and exclusion criteria
	Data extraction and quality assessment
	Statistical analysis

	Results
	The characteristics of eligible studies
	Meta-analysis results
	AGT T704C polymorphism
	ACE I/�D polymorphism
	AT1R A1166C polymorphism

	Sensitivity analysis and publication bias
	Trial sequential analysis

	Discussion

	This link is 10.1186/s12884-1810-,",
	References


