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Abstract

Background:
The relationships between vascular endothelial growth factor (VEGF) + 936C/T and − 634C/G gene
polymorphisms and certain diseases have been widely reported. According to reported data, there may be
geographical and/or ethnic differences in VEGF + 936C/T and − 634C/G allele frequencies. Xinjiang is a
multi-ethnic region in China in which the distributions of the + 936C/T and − 634C/G allele frequencies in
various ethnic groups and their correlations with common complications during pregnancy (preeclampsia
(PE), gestational hypertension (GH) and gestational diabetes mellitus (GDM)) have not been studied.

Methods:
A total of 2161 women (1551 controls with normal pregnancy, 232 patients with PE, 59 patients with GH
and 319 patients with GDM) were recruited for this study. Sanger sequencing was used to screen VEGF + 
936C/T and − 634C/G genotypes. The Pearson chi-square test was used to test the associations between
diseases and + 936C/T and − 634C/G polymorphisms.

Results:
We investigated the distributions of VEGF + 936C/T and − 634G/C allele frequencies in healthy pregnant
women in different regions of the world and found signi�cant differences. Our data showed that the
distributions of + 936C/T and − 634G/C allele frequencies between healthy Han and Uygur women in the
Xinjiang area were signi�cantly different. We found that VEGF + 936C/T and − 634G/C gene
polymorphisms were not correlated with mild PE (mPE), severe PE (sPE), GH or GDM. Ethnic subgroup
analysis revealed that the + 936C/T and − 634G/C gene polymorphisms in the Han, Uygur and Hui
populations were also not related to PE, GH or GDM.

Conclusions:
The results showed that VEGF + 936C/T and − 634G/C gene polymorphisms had signi�cant regional and
ethnic distribution differences. In Xinjiang, VEGF + 936C/T and − 634G/C gene polymorphisms do not
confer susceptibility to PE, GH or GDM.

Background
Vascular endothelial growth factor (VEGF) is a mitogen and survival factor speci�c to endothelial cells
and is a crucial promoter of angiogenesis in physiological and pathological conditions[1, 2]. The human
VEGF gene is located on chromosome 6p21.3; it is a single gene with a total length of 14 kb that consists
of 8 exons and 7 introns[3]. Alternative exon splicing was initially shown to result in the generation of six
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different isoforms (VEGF121, VEGF145, VEGF165, VEGF183, VEGF189 and VEGF206), having 121, 145,
165, 183, 189 and 206 amino acids, respectively, after signal sequence cleavage[4–6]. During pregnancy,
VEGF is essential for the proliferation of trophoblasts, the development of embryonic vasculature and the
growth of maternal and foetal blood vessels in the uterus[7]. During embryonic development, VEGF
expression can be initially detected in the giant cells of the trophoblast within the �rst few days after
implantation[8]. VEGF mRNA expression can be detected in almost all tissues in human foetuses (16–22
weeks)[2].

Preeclampsia (PE) is a disease unique to pregnancy. It is characterized by high blood pressure and
proteinuria during pregnancy and affects approximately 3–5% of pregnant women worldwide; it is the
leading cause of maternal, foetal, and neonatal death worldwide. Genetic factors, maternal factors and
immunological factors may cause placental dysfunction, which in turn can lead to the release of anti-
angiogenic factors (such as soluble fms-like tyrosine kinase 1 (sFlt-1) and soluble endoglin (sENG)). sFlt-
1 and sENG act as anti-angiogenic factors to trap circulating VEGF, decreasing its free levels, leading to
endothelial dysfunction and the clinical manifestations of PE[9]. There is evidence that levels of free
angiogenic and anti-angiogenic factors can be used to predict the onset of PE[9, 10]. Signi�cant changes
in serum VEGF levels in PE patients suggest that VEGF may play an important role in the pathogenesis of
PE[11, 12]. There are at least 30 single nucleotide polymorphisms (SNPs) in the VEGF gene[13, 14]. The
VEGF + 936C/T and − 634C/G mutation sites have been shown to further affect the development of the
disease by changing the transcription level and protein expression of VEGF[14–16]. There are many
reports on the relationship between VEGF + 936C/T and − 634C/G and PE susceptibility[17–25]. However,
the results are inconsistent across regions. Valeria et al found that VEGF genotypes and haplotypes were
associated with PE but not with gestational hypertension (GH), thus suggesting that GH and PE may each
have a different genetic basis[26]. Indeed, signi�cant differences exist in the pathophysiological bases of
these two hypertensive disorders of pregnancy, especially when the role of VEGF is considered[27–29].

Gestational diabetes mellitus (GDM) is a common complication during pregnancy. It is de�ned as the
appearance of diabetes mellitus for the �rst time during pregnancy and is characterized by impaired
glucose tolerance of different severities. GDM is considered a clinical syndrome caused by the interaction
of genetic and environmental factors and has a genetic basis similar to that of type 2 diabetes mellitus
(T2DM). Recent studies have reported that VEGF gene polymorphisms and expression levels are closely
related to the pathogenesis of T2DM and its corresponding complications[30, 31]. Many factors,
including oxidative stress, hypoxia, and in�ammation, can induce increased VEGF expression under high
glycaemic conditions[32]. In fact, plasma VEGF levels are elevated in patients with GDM[33]. Elevated
VEGF levels increase the number of placental blood vessels, increase the permeability of the blood
vessels, and provide adequate or even excessive nutrients, resulting in the birth of large babies[34]. Dong
et al found that the + 936C/T polymorphism and its expression are closely related to the risk of GDM in
China (Yantai)[35].

Published data indicate that the distributions of the VEGF + 936C/T and − 634C/G alleles and genotype
frequencies vary greatly in different regions. In this study, we investigated the distributions of VEGF + 
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936C/T and − 634C/G allele frequencies in healthy pregnant women in different parts of the world. Based
on the data of this study, genetic variations in + 936C/T and − 634C/G polymorphisms in four main
ethnic groups in Xinjiang (Han, Uyghur, Hui and Kazak) was studied. The role of VEGF in normal
pregnancy and the abnormalities in VEGF functions possibly associated with PE, GH or GDM support the
idea that genetic polymorphisms in VEGF could affect susceptibility to the development of PE, GH or
GDM. In the present study, we compared the distributions of genetic variants of the two abovementioned
VEGF polymorphisms among healthy pregnant women and PE, GH, and GDM women. In addition, we
also examined the associations of the VEGF gene haplotypes with these clinical complications of
pregnancy.

Methods
Subjects

A total of 2161 women (1551 controls with normal pregnancy, 232 patients with PE, 59 patients with GH
and 319 patients with GDM) were recruited for this study. All participants were examined and treated at
the Xinjiang Uygur Autonomous Region Maternal and Child Health Care Hospital from January 2016 to
October 2017. The selection of and diagnostic criteria for the PE and GH groups referred to the
"Guidelines for the Diagnosis and Treatment of Hypertension in Pregnancy (2015)"[36]. The diagnosis of
GDM was based on the results of an oral glucose tolerance test (OGTT) at 24-28 weeks of gestation. The
OGTT results were evaluated according to the diagnostic criteria of the "Diagnosis and Treatment
Guidelines for Pregnancy with Diabetes (2014)"[37]. The exclusion criteria for the patient group were a
history of hypertension, renal disease, proteinuria before the 20th week of pregnancy, multiple pregnancy
and diabetes mellitus. The inclusion criteria for the control group were as follows: no abnormal blood
pressure during pregnancy (blood pressure <140/90 mmHg), premature rupture of membranes, placenta
previa or threatened abortion; no history of chronic hypertension, PE, diabetes, heart disease, liver
disease or kidney disease, and no history of immunotherapy or blood transfusion; and auxiliary
examination during pregnancy, with normal results for all routine blood/urine, urine protein, and liver and
kidney function tests.

Genomic DNA extraction

Genomic DNA samples were extracted from 200 µL of EDTA-anti-coagulated peripheral blood by using
the QIAamp DNA Blood Mini Kit (Qiagen, Shanghai, China). The extracted genomic DNA was dissolved in
elution buffer (10 mM Tris–HCl, 0.5 mM EDTA, pH 9.0) and stored at -20 °C. The DNA concentration was
measured by using a NanoDrop spectrophotometer (Thermo Fisher Scienti�c, Fitchburg, WI, USA).

Genotyping

Sanger sequencing was used to screen VEGF SNPs (+936C/T and -634C/G) using the primers listed in
Table S1. PCR was carried out using the Gene Amp PCR System ABI Veriti™Dx (Applied Biosystems,
Foster City, CA, USA) according to the 2X Taq PCR MasterMix (Runde, Xi’an, China) user manual in a total
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volume of 20 µl. The sequencing of ampli�ed fragments was carried out on an ABI Prism 3100
Sequencer (Applied Biosystems, Foster City, CA, USA), as described previously[38].

Statistical methods

SPSS 25.0 software (SPSS Inc, Chicago, IL, USA) was used to perform the statistical analyses. The
genotype frequencies of VEGF were checked for Hardy-Weinberg equilibrium (HWE) using the chi-square
test (χ2). The Pearson chi-square test was used to compare the differences between the +936C/T and
-634C/G genotype and allele frequencies in different regions and different ethnic groups in Xinjiang. The
measurement data are expressed as x±s, and the independent samples t test was used for comparison
between groups. The Pearson chi-square test (or Fisher’s exact test for small samples) was used to
compare the genotype and allele frequency differences between the case group and the control group,
and the odds ratio (OR) and 95% con�dence interval (CI) were used to express the relative risk. P <0.05
was considered statistically signi�cant. Linkage disequilibrium statistics and haplotype analysis,
including haplotype frequency estimation, as well as an analysis of association between haplotypes and
cases, were computed and performed using SHEsis[39] software http://analysis.bio-x.cn.

Results

Correlations between VEGF +936C/T and -634C/G gene polymorphisms and PE have

been widely studied[17-25], but the conclusions of studies in different regions are

inconsistent. Some studies had a small sample size (N≤100)[28, 40-42], which may have

affected the accuracy of the results. To clarify the distributions of the +936C/T and

-634C/G allele frequencies in different parts of the world, the distributions of +936C/T and

-634C/G alleles in published literature control samples were analysed (the number of

control samples in the group>100). Analysis of the +936C/T locus included data from 8

studies. Chi-square analysis showed that the distribution of T alleles had significant

regional differences among China, Korea, Philippines, Iran, Sri-Lanka and Tunisia

(χ2=30.965, P<0.001); -634G/C locus analysis included data from 4 studies. The chi-square

analysis showed that the distribution of C alleles had significant regional differences among

Korea, Iran, Tunisia and Brazil (χ2=63.508, P<0.001). The results are shown in Table 1.

 

Table 1 The distributions of the VEGF +936C/T and -634G/C allele frequencies in different regions of the world

http://analysis.bio-x.cn./
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Region Published time VEGF-1 Sample size 
(controls only)

Allele (N) T Allele frequency(%) χ2 P
C T

China(Hunan)[17] 2009 rs3025039 (+936C/T) 231 377 85 18.40% 30.965 <0.001

China(Shenzhen)[18] 2019 286 477 95 16.61%

Korean [19] 2007 237 374 90 19.40%

Korean [20] 2007 209 355 63 15.07%

Philippines(Manila)[21] 2016 190 324 56 14.74%

Iran(Tehran)[22] 2018 191 332 50 13.09%

Sri-Lanka(Colombo)[23] 2012 168 306 30 8.93%

Tunisian(Sousse)[24] 2017 300 534 66 11.00%

Region Published time VEGF-2 Sample size 
(controls only)

Allele (N) C Allele frequency(%) χ2 P
G C

Korean [19] 2007 rs2010963 (-634G/C) 237 255 183 41.78% 63.508 <0.001

Iran(Zahedan)[16] 2015 201 262 140 34.83%

Tunisian(Sousse)[24] 2017 300 246 354 59.00%

Brazil(Uberaba)[25] 2014 210 226 194 46.19%

 

To verify whether the subjects included in this study came from the same group, the

+936C/T and -634G/C genotype distributions were subjected to HWE testing. The results

showed that the distributions of genotypes in the Han, Uyghur, Hui, and Kazakh

populations and the total sample were all in HWE (P >0.05), indicating that the research

sample conformed to the genetic balance of the population, and the data were

representative of the population. As shown in Table 2, the chi-square test results showed

that the frequencies of the +936C/T and -634G/C alleles in healthy women in Xinjiang were

significantly different among the Han, Uyghur, Hui and Kazak populations (χ2 = 8.837, P =

0.032; χ2 = 11.585, P = 0.009). Pairwise comparisons between ethnic groups showed that

the allele frequencies of the two loci were significantly different between the Han and

Uygur populations (P = 0.011 and P = 0.001) (results are not shown).

 

Table 2 The allele frequencies of VEGF +936C/T and-634G/C and their comparison among the different populations
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Populations VEGF-1 Genotype distributions(N,%) T Allele

frequency(%)

HWE-P χ2
,P VEGF-2 Genotype distributions(N,%) G Allele

frequency(%)

HWE-P χ2
,P

CC CT TT GG GC CC

Han
* 977 rs3025039

(+936C/T)

654(67%) 292(30%) 31(3%) 18.12% 0.28 8.837,

0.032

rs2010963

(-634G/C)

348(36%) 469(48%) 160(16%) 40.38% 0.93 11.585,

0.009
Uighur

* 323 239(74%) 79(24%) 5(2%) 13.78% 0.6 146(45%) 140(43%) 37(11%) 33.13% 0.7

Hui 144 103(72%) 38(26%) 3(2%) 15.28% 0.82 53(37%) 75(52%) 16(11%) 37.15% 0.17

Kazakh 64 48(75%) 16(25%) 0(0%) 12.5% 0.25 26(40.63%) 31(48.44%) 7(10.94%) 35.16% 0.62

Other 35 26(74.29%) 7(20%) 2(5.71%) 15.71% 0.15   13(37.14%) 16(45.71%) 6(17.14%) 40% 0.78  

All

samples

1551 1077(69%) 433(28%) 41(3%) 16.6% 0.75   591(38%) 732(47%) 228(15%) 38.3% 0.96  

*The allele frequencies of the two loci are signi�cantly different between the Han and Uygur populations

 

The comparisons of the general clinical data of the case and control groups are shown

in Table 3. Pregnant women in the PE group had higher body mass index (BMI) values

before pregnancy, higher systolic and diastolic blood pressure during pregnancy, and

lighter newborns (P <0.001) than pregnant women in the control group. The GH group was

older, had a higher BMI value before pregnancy, and had higher systolic and diastolic

blood pressure during pregnancy (P <0.001) than the control group. The GDM group was

older and had a higher BMI value before pregnancy, higher systolic and diastolic blood

pressure during pregnancy, and heavier newborns (P <0.001) than the control group.

 

Table 3 Demographic and clinical characteristics of the patients and healthy controls

Criteria Controls(n=1551) PE (n=232) GH (n=59) GDM (n=319) P-value† P-value‡ P-value§

Age (years) 29.69±4.6 30.33±4.87 32.23±6.15 30.69±4.85 0.057 0.003 0.001

Height(cm) 163.26±5.03 162.35±5.15 162.14±5.77 162.89±4.9 0.011 0.1 0.232

BMI (kg/m2) 22.11±3.55 24.04±4.16 24.62±4.08 23.62±4.31 <0.001 <0.001 <0.001

Systolic blood pressure(mm Hg) 110.81±8.74 131.6±23.14 130.81±17.59 113.45±9.79 <0.001 <0.001 <0.001

Diastolic blood pressure(mm Hg) 70.21±7.06 84.39±15.32 84.98±14.08 72.09±8.25 <0.001 <0.001 <0.001

Birthweight (g) 3417.79±561.25 3001.18±834.5 3438.79±366.71 3562.72±450.69 <0.001 0.832 0.002

Data are expressed as the mean ± SEM. BMI, body mass index. †indicates comparison between the control and PE groups;

‡indicates comparison between the control and GH groups; §indicates comparison between the control and GDM groups.
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Tables 4-6 show the correlation analysis results of the +936C/T and -634G/C

polymorphisms with PE, GH and GDM. Table 4 summarizes the distribution of the +936C/T

and -634G/C alleles and genotypes in the dominant mode [(GC+CC) vs GG] and recessive

mode [CC vs (GC+GG)] in the control group and the PE group (severe PE (sPE) and mild

PE (mPE)). In addition, the samples in the control group and PE group were divided into

Han, Uyghur and Hui ethnic groups, and the distributions of the two SNP alleles and

genotypes among the different ethnic groups were evaluated. After uncorrected chi-square

test analysis, the allele frequency distributions of +936C/T and -634G/C showed no

significant differences between the case group and the control group. The genotype

distribution analysis was conducted using the dominant mode [(GC + CC) vs GG] and

recessive mode [CC vs (GC + GG)] genetic patterns, and the results were also not

significantly different between the case group and the control group. The results are shown

in Table 4. The same method was used to analyse the correlations between the two SNPs

and GH and GDM, and the results were not statistically significant (Table 5 and Table 6).

Correlations were corrected for age, BMI, and ethnicity (results not shown), although the

results were still not statistically significant.

 

Table 4 Correlations between the VEGF +936C/T and -634G/C genetic polymorphisms and PE risk

https://xueshu.baidu.com/usercenter/paper/show?paperid=24aa4bcb1704e2fee4f642613bf0744c&site=xueshu_se
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Samples(N)/

Different Models

VEGF (+936C/T) rs3025039 VEGF (-634G/C) rs2010963

Allele(N) Dominant(N) Recessive(N) Allele(N) Dominant(N) Recessive(N)

Allele/Genotype T C CT+TT CC TT CT+CC C G GC+CC GG CC GC+GG

Control (1551) 515 2587 474 1077 41 1510 1188 1914 960 591 228 1323

PE (232) 65 399 60 172 5 227 183 281 149 83 34 198

OR (95% CIs);P 0.818(0.619-1.081);0.158 0.793(0.58-1.084);0.145 0.811(0.317-2.074);0.662 1.049(0.859-1.281);0.637 1.105(0.829-1.473);0.495 0.996(0.675-1.472);0.986

sPE (163) 46 280 44 119 2 161 131 195 109 54 22 141

OR (95% CIs);P 0.825(0.596-1.143);0.247 0.84(0.585-1.207);0.345 0.458(0.11-1.909);0.403 1.082(0.857-1.366);0.506 1.243(0.883-1.749);0.212 0.905(0.565-1.45);0.679

mPE (69) 19 119 16 53 3 66 52 86 40 29 12 57

OR (95% CIs);P 0.802(0.49-1.314);0.38 0.686(0.388-1.212);0.192 1.674(0.505-5.546);0.394 0.974(0.685-1.385);0.884 0.849(0.521-1.385);0.512 1.222(0.645-2.313);0.538

Han Control (977) 354 1600 323 654 31 946 789 1165 629 348 160 817

PE (96) 28 164 26 70 2 94 84 108 69 27 15 81

OR (95% CIs);P 0.772(0.509-1.171);0.222 0.752(0.47-1.203);0.233 0.649(0.153-2.756);0.779 1.148(0.852-1.549);0.364 1.414(0.889-2.248);0.142 0.946(0.531-1.683);0.849

Uighur Control (323) 89 557 84 239 5 318 214 432 177 146 37 286

PE (74) 18 130 17 57 1 73 47 101 40 34 7 67

OR (95% CIs);P 0.867(0.504-1.489);0.604 0.849(0.468-1.54);0.589 0.871(0.1-7.57);0.689* 0.939(0.641-1.378);0.749 0.97(0.584-1.611);0.908 0.808(0.345-1.89);0.622

Hui Control (144) 44 244 41 103 3 141 107 181 91 53 16 128

PE (21) 6 36 6 15 0 21 20 22 14 7 6 15

OR (95% CIs);P 0.924(0.368-2.324);0.867 1.005(0.365-2.769);0.992 1.149(1.083-1.219);0.663
* 1.538(0.802-2.949);0.193 1.165(0.442-3.068);0.757 3.2(1.087-9.423);0.064

*Results of Fisher’s exact test

 

Table 5 Correlations between the VEGF +936C/T and -634G/C genetic polymorphisms and GH risk

Samples (N)/

Different Models

VEGF (+936C/T) rs3025039 VEGF (-634G/C) rs2010963

Allele(N) Dominant(N) Recessive(N) Allele(N) Dominant(N) Recessive(N)

Allele/Genotype T C CT+TT CC TT CT+CC C G GC+CC GG CC GC+GG

Control (1551) 515 2587 474 1077 41 1510 1188 1914 960 591 228 1323

GH (58) 24 92 23 35 1 57 47 69 35 23 12 46

OR (95% CIs);P 0.978(0.777-1.232);0.852 0.993(0.764-1.29);0.957 0.826(0.367-1.859);0.644 0.965(0.809-1.151);0.692 1.007(0.786-1.291);0.954 0.856(0.599-1.223);0.392

Han Control (977) 354 1600 323 654 31 946 789 1165 629 348 160 817

GH (28) 14 42 13 15 1 27 24 32 17 11 7 21

OR (95% CIs);P 1.507(0.814-2.789);0.189 1.755(0.825-3.732);0.139 1.13(0.149-8.586);1 1.107(0.647-1.894);0.709 0.855(0.396-1.846);0.69 1.702(0.712-4.071);0.342

Uighur Control (323) 89 557 84 239 5 318 214 432 177 146 37 286

GH (15) 6 24 6 9 0 15 14 16 10 5 4 11

OR (95% CIs);P 1.565(0.622-3.935);0.49 1.897(0.656-5.489);0.368 1.047(1.023-1.072);0.796
* 1.766(0.846-3.686);0.125 1.65(0.552-4.935);0.366 2.811(0.851-9.281);0.174

Hui Control (144) 44 244 41 103 3 141 107 181 91 53 16 128

GH (8) 1 15 1 7 0 8 5 11 4 4 1 7

OR (95% CIs);P 0.37(0.048-2.87);0.53 0.359(0.043-3.009);0.564 1.057(1.017-1.098);0.849
* 0.769(0.26-2.273);0.634 0.582(0.14-2.426);0.708 1.143(0.132-9.898);1

*Results of Fisher’s exact test

 

https://xueshu.baidu.com/usercenter/paper/show?paperid=24aa4bcb1704e2fee4f642613bf0744c&site=xueshu_se
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Table 6 Correlations between the VEGF +936C/T and -634G/C genetic polymorphisms and GDM risk

Samples (N)/

Different Models

VEGF (+936C/T) rs3025039 VEGF (-634G/C) rs2010963

Allele(N) Dominant(N) Recessive(N) Allele(N) Dominant(N) Recessive(N)

Allele/Genotype T C CT+TT CC TT CT+CC C G GC+CC GG CC GC+GG

Control (1551) 515 2587 474 1077 41 1510 1188 1914 960 591 228 1323

GDM (319) 104 534 97 222 7 312 239 399 198 121 41 278

OR (95% CIs);P 1.31(0.828-2.074);0.247 1.493(0.873-2.555);0.141 0.646(0.087-4.78);0.991 1.097(0.752-1.601);0.629 0.937(0.548-1.601);0.811 1.514(0.79-2.902);0.209

Han Control (977) 354 1600 323 654 31 946 789 1165 629 348 160 817

GDM (221) 78 364 73 148 5 216 170 272 143 78 27 194

OR (95% CIs);P 0.969(0.739-1.269);0.817 0.999(0.732-1.362);0.993 0.706(0.272-1.838);0.474 0.923(0.747-1.141);0.458 1.014(0.747-1.377);0.927 0.711(0.459-1.1);0.124

Uighur Control (323) 89 557 84 239 5 318 214 432 177 146 37 286

GDM (46) 10 82 9 37 1 45 33 59 24 22 9 37

OR (95% CIs);P 0.763(0.381-1.527);0.444 0.692(0.321-1.494);0.347 1.413(0.161-12.374);1
* 1.129(0.715-1.782);0.602 0.9(0.485-1.67);0.738 1.88(0.841-4.205);0.119

Hui Control (144) 44 244 41 103 3 141 107 181 91 53 16 128

GDM (32) 9 55 8 24 1 31 24 40 21 11 3 29

OR (95% CIs);P 0.907(0.418-1.969);0.806 0.837(0.348-2.015);0.692 1.516(0.153-15.067);0.555
* 1.015(0.58-1.776);0.959 1.112(0.497-2.485);0.796 0.828(0.226-3.029);1

*Results of Fisher’s exact test

 

Table S2 shows the distribution frequency of haplotypes among the control, mPE, sPE,

GH and GDM groups. The CT haplotypes were identified as severe PE protective type and

GH risk type. Since this is not a common haplotype (frequency <0.15), the results are not

representative.

Discussion
VEGF is one of the most effective pro-angiogenic factors known. During pregnancy, VEGF plays a vital
role in trophoblast in�ltration, placental growth and uterine blood �ow regulation[9, 43]. At least 30 SNPs
have been found in the VEGF gene, and the correlations between the + 936C/T and − 634G/C
polymorphisms and PE have been extensively studied in various regions of the world. In the present
study, we investigated the distributions of + 936C/T and − 634G/C allele frequencies in healthy pregnant
women in different regions of the world and found signi�cant differences (Table 1). However, most of the
published literature does not specify the ethnicity of the included population. We studied genetic
variations in + 936C/T and − 634G/C polymorphisms in four major ethnic groups (Han, Uyghur, Hui and
Kazakh) in Xinjiang, China. Our data showed that the distributions of the + 936C/T and − 634G/C allele
frequencies between healthy Han and Uygur women were signi�cantly different (Table 2). The frequency
of the + 936C/T allele in the Xinjiang Han population obtained in this study is consistent with the
frequency of the previously reported Hunan Han allele (18.12% vs 18.40%)[17]. The results showed that

https://xueshu.baidu.com/usercenter/paper/show?paperid=24aa4bcb1704e2fee4f642613bf0744c&site=xueshu_se
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the + 936C/T and − 634G/C polymorphisms had signi�cant regional and ethnic differences in distribution
and morphology.

The pathogenesis of PE has not been elucidated. It is generally believed that maternal-foetal interface
imbalance, thrombosis, genetic susceptibility or other factors prevent trophoblast cells from invading the
endometrium and remodelling the spiral uterine artery[9]. VEGF is thought to be involved in the
pathogenesis of PE vascular injury. In reports of the relationship between the VEGF + 936C/T and − 
634G/C polymorphisms and PE susceptibility[17–26, 40–42], some reports indicated that the + 936C/T
polymorphism was related to the risk of PE[17, 20–22], while other studies reported that the + 936C/T
polymorphism was not associated with PE risk[18, 19, 23, 24]. Similarly, regarding the relationship
between the − 634G/C polymorphism and PE susceptibility, most of the results were negative[19, 24, 25],
but there are also reports that this polymorphism is associated with severe PE[16]. Analysis of the
possible factors affecting the results and speculation that certain clinical factors (such as the differences
in the study area and population included in the study, the sample size, and the inclusion and exclusion
criteria for the study group) may cause bias, resulting in false negative or false positive results. In
addition, sPE and mPE have high clinical heterogeneity, and subgroup analysis is recommended, but only
two of the above documents classi�ed PE[16, 21].

In this study, a total of 1551 cases in the control group, 232 cases in the PE group and 59 cases in the GH
group were included. To avoid bias caused by heterogeneity of the included samples, the diseases were
analysed in subgroups. We found that VEGF + 936C/T and − 634G/C gene polymorphisms were not
correlated with mPE, sPE or GH. An ethnic subgroup analysis of the population revealed that + 936C/T
and − 634G/C gene polymorphisms in the Han, Uygur and Hui populations were also not related to PE or
GH. A total of 319 patients in the GDM group were included in this study. We found that + 936C/T and − 
634G/C gene polymorphisms were not associated with GDM in Xinjiang, China. An ethnic subgroup
analysis found that in the Han, Uygur and Hui populations, the two SNP sites were not related to GDM.

An interesting result of this study is that although the detected VEGF + 936C/T and − 634G/C allele and
genotype distributions were not comparable in case and control groups, there were signi�cant differences
in haplotype distributions. The CT haplotypes were identi�ed as severe PE protective type and GH risk
type. Since this is not a common haplotype (frequency < 0.15), the results are not representative. The
identi�cation of haplotypes in VEGF loci may explain the changes in VEGF secretion, highlighting the role
of haplotype analysis in genetic association studies.

Conclusions
In conclusion, this study is the �rst case-control study to assess the possible link between VEGF
genotype/haplotype and pregnancy complications in the Xinjiang population. The results showed that
VEGF + 936C/T and − 634G/C gene polymorphisms had signi�cant regional and ethnic distribution
differences. In Xinjiang, VEGF + 936C/T and − 634G/C gene polymorphisms do not confer susceptibility
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to PE, GH or GDM. The conclusions of this study still need further veri�cation in a study with a larger
sample size.
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