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Abstract

~

N

Background: Numerous studies showed that vascular endothelial growth factor (VEGF) gene polymorphisms were linked with the \
regularity of stroke, but the results remained controversial. The aim of this meta-analysis was to determine the associations between
VEGF gene polymorphisms and the risk of stroke.

Methods: A systematic literature search of PubMed, Embase, Wed of Science, The Cochrane Library, Elsevier, China National
Knowledge Infrastructure, China Biology Medicine disc, WanFang Data, VIP Database for Chinese Technical Periodicals, and
Science paper Online was conducted. Two authors independently assessed trial quality and extracted data. The pooled odds ratio
(OR) with 95% confidence interval (Cl) was used to assess the strength of associations. Begger funnel plot and Egger test were used
to estimate the publication bias of included studies. Heterogeneity assumption was assessed by Cochran Chi-squared-based Q-
statistic test and /? test.

Results: Thirteen publications including 23 trails with a total of 3794 stroke patients and 3094 control subjects were enrolled. About
3747 cases and 2868 controls for +936C/T, 2134 cases and 1424 controls for —2578C/A, and 2187 cases and 1650 controls for
—1154G/A were examined, respectively. The results indicated that VEGF +936C/T (T vs C, OR=1.19, 95% Cl=1.01-1.40) or
—2578C/A (A vs C, OR=1.13, 95% Cl=1.02-1.27) was positively associated with the risk of stroke, whereas there was no
association between —1154G/A (A vs G, OR=0.99, 95% CI=0.87-1.11) polymorphism and stroke risk in our study. Among the
subgroup analyses on ethnicity, the results showed that VEGF +936C/T was an increased risk of stroke in Asian population (T vs C,
OR=1.21, 95% Cl=1.01-1.44), but not —1154G/A.

Conclusion: Our findings suggest that VEGF +936C/T and —2578C/A might be related to the risk of stroke, especially in the Asian
population, but not —1154G/A.

Abbreviations: Cl = confidence interval, HWE = Hardy-\Weinberg equilibrium, LDR = ligase detection reaction, MALDI-TOF MS =
matrix-assisted laser desorption/ionization time of flight mass spectrometry, NOS = Newcastle Ottawa scale, OR = odds ratio, PCR-
RFLP = polymerase chain reaction-restriction fragment length polymorphism, SNPs = single-nucleotide polymorphisms, VEGF =

vascular endothelial growth factor.
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1. Introduction

In 2013, stroke was the 2nd most common cause of deaths
worldwide, and the 3rd most cause of disability from all
diseases.["! It is well known that genetic and environmental
backgrounds play an important role in the pathogenesis of
stroke.”! To the best of our knowledge, there are few studies to
investigate the relationship between gene loci and stroke,
compared with those to investigate the relationship between
environmental factors and stroke. Although genome-wide
association studies on stroke have been published, mixed results
have been demonstrated.”**!

A number of studies have proved that vascular endothelial
growth factor (VEGF) is involved in atherosclerosis, angiogene-
sis, brain edema, and vascular repair after ischemic stroke.!! The
VEGEF gene is located on chromosome 6 at location 6p21.3 and
comprised of 8 exons and 7 introns.!® Neural-derived VEGF
plays an important part in neurovascular development and vessel
patterning.” It has documented there were >30 single-nucleotide
polymorphisms (SNPs) in the VEGF gene, such as rs3025039,
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Figure 1. Flow chart of the literature search and selection procedures.

rs1570360, and rs30250202, which have been reported to be
associated with the expression of VEGF protein.®”! Three
of them were found to be involved in the activity of
VEGEF signaling pathway and investigated the most frequently:
+936C/T (rs3025039), —2578C/A (rs699947) and —1154G/A
(rs1570360). Recently, a meta-analysis proved that SNPs of
VEGEF is associated with increased risk of diabetic foot ulcer.!'"!

An increasing number of studies have been undertaken to
study the relationship between VEGF gene polymorphism
and stroke. Although emerging meta-analysis showed that
+936C/T may be involved in the risk of stroke, there were some
conflicting results.'!! For example, the literature was not
comprehensive enough, and not all the articles were consistent

with the Hardy—Weinberg equilibrium (HWE). To further
examine the role of VEGF in stroke, we performed a meta-
analysis to evaluate the association between VEGF gene
polymorphisms and stroke risk.

2. Methods
2.1. Search strategy

A systematic literature search of PubMed, Embase, Wed of
Science, The Cochrane Library, Elsevier, China National
Knowledge Infrastructure, China Biology Medicine disc, Wan-
Fang Data, VIP Database for Chinese Technical Periodicals, and
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Characteristics of studies included in the meta-analysis.

Sample size
Author Year Country Ethnicity Male, % Age, yr Case Control Genotype method Polymorphism NOS score
Rueda et al 2005  Spain Caucasian ~ 42.7 745+6.0 53 226 TagMan —1154G/A 7
Li et al 2010 China Asian 48.0 66.2+5.0 150 120 PCR-RFLP +936C/T 7
Kim et al 2011 South Korea  Asian 52.3 63.3+11.5 991 494 PCR +936C/T, —2578C/A, —1154G/A 9
Gong et al 2011 China Asian 55.8 30.0+£15.0 175 123 MALDI-TOF-MS +936C/T 8
Fu et al 2011 China Asian 57.1 64.8+9.6 147 131 PCR-RFLP +936C/T, —2578C/A, —1154G/A 8
Park et al 2012 South Korea  Asian 221 208+159 107 243 PCR-RFLP +936C/T, —2578C/A, —1154G/A 8
Yu et al 2012 China Asian 67.8 65.4+8.2 420 456 PCR-RFLP +936C/T 7
Fontanella et al 2013  ltaly Caucasian  35.5 55.3+12.0 200 200 PCR-RFLP +936C/T 8
Zhang et al 2014 China Asian 51.2 57.6+10.1 68 118 PCR-RFLP +936C/T 7
He et al 2015  China Asian NA 62.0+5.6 244 251 MALDI-TOF-MS +936C/T, —2578C/A, —1154G/A 7
Yadav et al 2016 Nepal Asian 54.4 67.8+10.7 645 305 TagMan +936C/T, —2578C/A, —1154G/A 8
Ying et al 2016  China Asian 55.0 65.0+10.0 100 100 PCR-RFLP +936C/T 8
Zhao et al 2017 China Asian 60.7 69.8+11.3 494 320 LDR +936C/T 8

LDR = ligase detection reaction, MALDI-TOF MS = matrix-assisted laser desorption/ionization time of flight mass spectrometry, NA=not available, NOS = Newcastle Ottawa scale, PCR-RFLP = polymerase chain

reaction-restriction fragment length polymorphism.

Sciencepaper Online were conducted by two investigators
independently. The latest data for searching articles were May
1, 2018. Key words used in the research were: “VEGE” or
“vascular endothelial growth factor” or “vasculotropin,”
“single-nucleotide polymorphism” or “SNP” or “polymor-
phism” or “mutation” or “genetics” or “variant,” and “stroke”
or “cerebral infarction” or “cerebrovascular disorders.”

2.2. Inclusion and exclusion criteria

Studies eligible for inclusion in this meta-analysis needed to meet
the following criteria: independently published case-control
studies focused on associations between VEGF polymorphism
and the risk of stroke; these studies provided genotype or allelic
distributions; and genotype or allelic distributions in the control
group was in accordance with HWE.

Distribution of vascular endothelial growth factor genotype and allele among stroke patients and controls in 3 single-nucleotide

polymorphisms.

+936C/T —2578C/A —1154G/A
Author Sample size C T CC CT TT HWE A A CC CA AA HWE G A GG GA AA HWE
Rueda et al Case 53 77 29 26 25 2
Control 226 320 132 118 84 24 013
Lietal Case 150 190 110 51 88 11
Control 120 180 60 67 46 7 0.80
Kim et al Case 991 1604 378 642 320 29 1399 583 500 399 92 1619 363 674 271 46
Control 494 824 164 344 136 14 089 727 261 262 203 29 020 815 173 339 137 18 0.37
Gong et al Case 175 300 50 129 42 4
Control 123 201 45 83 3% 5 059
Fu et al Case 147 249 45 106 37 4 223 7 87 49 11 227 67 8 55 6
Control 131 218 44 90 38 3 066 204 58 79 46 6 083 194 68 69 56 6 020
Park et al Case 107 171 43 67 37 3 160 54 62 36 9 18 29 80 25 2
Control 243 408 78 172 64 7 072 355 131 128 99 16 058 408 78 173 62 8 0.40
Yu et al Case 420 573 267 172 229 19
Control 456 706 206 267 172 17 0.09
Fontanella et al Case 200 350 50 153 44 3
Control 200 348 52 151 46 3 081
Zhang et al Case 68 114 22 48 18 2
Control 118 196 40 81 34 3 080
He et al Case 244 353 135 137 79 28 363 125 133 97 14 362 126 133 96 15
Control 251 409 93 170 69 12 015 400 102 157 86 8§ 035 39 107 155 8 11 087
Yadav et al Case 645 996 294 376 244 25 895 357 312 271 43 475 241 233 9 116
Control 305 495 115 202 91 12 066 444 164 168 108 28 0.08 197 123 95 7 58  0.00
Ying et al Case 100 125 75 33 59 8
Control 100 143 57 53 37 10 035
Zhao et al Case 494 568 420 168 232 94
Control 320 384 256 104 176 40 0.18

HWE = Hardy—Weinberg equilibrium.
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Quality assessment of the included studies.

Selection

Exposure

Adequate Comparability Same ascertainment

case Representativeness Selection of Definition of the cases Ascertainment method for cases  Non-Response Total
Study Year definition of the cases the controls of controls and controls  of exposure and controls rate stars
Rueda et al 2005 * * NA * ok * * NA 7
Li et al 2010 * * NA * ok * * NA 7
Kim et al 2011 * * * #* *% sk * NA 9
Gong et al 2011 * * NA * Aok o * NA 8
Fu et al 2011 * * NA * ok *% * NA 3
Park et al 2012 * * NA * ok o * NA 8
Yu et al 2012 * * NA * e * * NA 7
Fontanella et al 2013 * * NA * ) sesk * NA 3
Zhang et al 2014 * * NA * sk % NA 7
He et al 2015 * * NA * Hk % NA 7
Yadav et al 2016 * * NA * ok *% * NA 3
Ying et al 2016 * * NA * ok ok * NA 3
Zhao et al 2017 * * NA * ok *% * NA 8

The Newcastle Ottawa scale ranges from 0 to 9 stars, and more than a score of 7 was taken to be of high quality.

NA=not available.

The exclusion criteria for the meta-analysis included: animal
studies; there were a large difference in the general data of the
subjects, such as age, gender, and there may be a significant bias
in the literature. When individual authors published several
articles from the same patient population, only the most recent or
complete articles were taken into account in the analysis.

2.3. Data extraction

All qualified information were drawn from all the eligible
publications. The following data were collected from each study:
the 1st author’s name, the date of publication, country, ethnicity,
sample size, and the genotyping method.

2.4. Quality score assessment

We used the Newcastle Ottawa scale (NOS) to assess the quality
of these case—control studies. The NOS ranges from 0 to 9 stars,
and more than a score of 7 was taken to be of high quality. Two
authors independently evaluated the quality of the included
studies and resolved all the differences through discussion.

2.5. Evaluation of statistic association

All the statistical analysis was conducted by Review manager 5.3.
We performed the association between +936C/T, —2578C/A, and
—1154G/A polymorphisms and the risk of stroke by calculating
odds ratio (OR) and 95% confidence interval (CI). The association

Main results for the vascular endothelial growth factor polymorphism with the risk of stroke based on OR and 95% CI.

Heterogeneity
Genotype comparison OR [95% CI] Z (P-value) ba P Model
VEGF+936C/T
T vs C (overall) 1.19 [1.01-1.40] 2.03 (.04) 36.74 70% Random
T vs C (Asian) 1.21 [1.01-1.44] 2.03 (.04) 35.57 72% Random
T vs C (Caucasian) 0.96 [0.63-1.45] 2.03 (.04) NA NA NA
TT+CT vs CC (dominate model) 1.32 [1.08-1.62] 2.66 (.008) 37.05 70% Random
TT vs CT+CC (recessive model) 1.35 [1.08-1.70] 2.62 (.009) 7.56 0% Fixed
TT vs CC (homozygous contrast) 1.41 1.11-1.79) 2.84 (.004) 6.66 0% Fixed
VEGF —2587C/A
AvsC 1.13 [1.02-1.27] 2.22 (.03) 2.91 0% Fixed
AA+CA vs CC (dominant model) 1.15 [1.00-1.32] 1.91 (.06) 4.01 0% Fixed
AA vs CA+CC (recessive model) 1.27 [0.97-1.67] 1.71 (.09) 7.69 48% Fixed
AA vs CC (homozygous contrast) 1.33 [1.01-1.77] 2.01 (.04) 5.48 27% Fixed
VEGF —1154G/A
A vs G (overall) 0.99 [0.87-1.11] 0.23 (.81) 6.83 27% Fixed
A vs G (Asian) 0.99 [0.87-1.13] 0.14 (.89) 6.73 41% Fixed
A vs G (Caucasian) 0.92 [0.57-1.47] 0.36 (.72) NA NA NA
AA+GA vs GG (dominant model) 1.01 [0.87-1.17] 0.12 (.90) 4.79 0% Fixed
AA vs GA+GG (recessive model) 0.98 [0.76-1.27] 0.13 (:90) 4.46 0% Fixed
AA vs GG (homozygous contrast) 0.98 [0.75-1.29] 0.13 (.90) 6.06 17% Fixed

Cl=confidence interval, NA=not available, OR=odds ratio, VEGF =vascular endothelial growth factor.
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Stroke Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.1.1 cerebral hemorrhage
Fontanella 2013 50 400 52 400 7.2% 0.96 [0.63, 1.45]
Gong 2011 50 350 45 246 6.8% 0.74 [0.48, 1.16]
He 2015 135 488 93 502 9.1% 1.68 [1.25, 2.27] i
Subtotal (95% CI) 1238 1148 23.1% 1.08 [0.65, 1.80]
Total events 235 190

Heterogeneity: Tau? = 0.16; Chi2 = 10.52, df = 2 (P = 0.005); I* = 81%
Test for overall effect: Z = 0.31 (P = 0.76)

2.1.2 cerebral infraction

Fu 2011 45
Kim 2011 378
Li 2010 110
Yadav 2016 294
Ying 2016 75
Yu 2012 267
Zhang 2014 22
Zhao2017 420
Subtotal (95% CI)

Total events 1611

Heterogeneity: Tau? = 0.05; Chi? = 26.00, df = 7 (P = 0.0005); I = 73%
Test for overall effect: Z = 1.82 (P = 0.07)

2.1.3 unkown

Park 2012 43
Subtotal (95% CI)
Total events 43

Heterogeneity: Not applicable

Test for overall effect: Z = 1.30 (P = 0.19)

Total (95% Cl)

Total events 1889

Heterogeneity: Tau? = 0.06; Chi? = 36.74, df = 11 (P = 0.0001); 1> = 70%
Test for overall effect: Z = 2.03 (P = 0.04)
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Fu 2011 71 294 58 262 8.0% 1.12[0.75, 1.66]
He 2015 125 488 102 502 12.8% 1.35[1.00, 1.82]
Kim 2011 583 1982 261 988 42.0% 1.16 [0.98, 1.38]
Park 2012 54 214 131 486 10.2% 0.91[0.63, 1.32]
Yadav 2016 357 1252 164 608 27.0% 1.08 [0.87, 1.34]
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Kim 2011 363 1982 173 988 36.8% 1.06 [0.87, 1.29]
Park 2012 29 214 78 486 8.0% 0.82[0.52, 1.30]
Rueda 2005 29 106 132 453 7.1% 0.92[0.57, 1.47]
Yadav 2016 241 716 123 320 22.0% 0.81[0.62, 1.07]
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Figure 2. Overall odds ratio (ORs) for the association between vascular endothelial growth factor (VEGF) gene polymorphisms and the risk of stroke under allele

contrast. (A) VEGF +936C/T. (B) VEGF —2578C/A. (C) VEGF —1154G/A.

Favours [experimental] Favours [control]

was estimated with the use of the allelic contrast, the dominant
model, the recessive model, and the homozygous contrast. When
the P value was >.1 and I> < 50%, the pooling data was performed
by fixed-effects model or random-effects model. Heterogeneity
assumption was assessed by Cochran Chi-squared-based O-

statistic testand I? test. The pooled OR was counted by the method
of Mantel-Haenszel, with 95% CI calculated by Woolf method.
The potential publication bias was valued by Begg funnel plot and
Egger test.I'?! The HWE of the genotype distribution of controls

was assessed by Pearson Chi-squared test.
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Figure 3. Sensitivity analysis of the summary odds ratio (OR) coefficients on the association between vascular endothelial growth factor (VEGF) gene
polymorphisms and the risk of stroke under allele contrast. (A) VEGF +936C/T. (B) VEGF —2578C/A. (C) VEGF —1154G/A.

2.6. Ethical approval

Ethical approval was not necessary under the ethical committee
of Jinan University, since this study was a meta-analysis of
previous literature works, which informed consents had been
obtained by the previous clinical researchers.

3. Results

3.1. Included studies

Figure 1 displays the process of retrieving eligible studies. Briefly,
our sensitive search strategy identified 230 articles. After
reviewed and considered the titles and abstracts of all articles,
206 articles were excluded. After systematically reading full texts
and calculating HWE value, we excluded another 11 articles.
Finally, 13 case—control studies with a total of 3794 patients with
stroke and 3094 control subjects were included,***! including
3747 cases and 2868 controls for +936C/T, 2134 cases and 1424
controls for —2578C/A, and 2187 cases and 1650 controls for
—1154G/A, respectively. The characteristics of 13 included
studies are summarized in Table 1. Table 2 shows the distribution
of VEGF genotype and allele between the case group and the
control group. The NOS scores demonstrated that all included
studies were high quality, which suggested the reliability of our
findings (Table 3).

3.2. Quantitative synthesis
3.2.1. VEGF +936C/T. Table 4 shows the assessment of

association between VEGF polymorphisms and stroke risk.

The meta-analysis results showed that VEGF +936C/T polymor-
phism was linked to the risk of stroke under all genetic models.
Among the subgroup analyses on race, the results showed that
those variants were an increased risk of stroke in Asian
population (T vs C: OR=1.21, 95% CI=1.01-1.44, P=.03).
However, no significant association was found in the Caucasian
(T vs C: OR=0.96, 95% CI=0.63-1.45, P=.83). Overall, the
significant association was discovered between VEGF +936C/T
polymorphism and the risk of stroke in allele contrast (OR=
1.19, 95% CI=1.01-1.40, P=.04, Fig. 2A), dominant model
(OR=1.32, 95% CI=1.08-1.62, P=.008), recessive model
(OR=1.35, 95% CI=1.08-1.70, P=.009), and homozygous
contrast (OR=1.41, 95% CI=1.11-1.79, P=.004).

3.2.2. VEGF —2578C/A. Analysis of the correlation of the VEGF
susceptibility loci and stroke was discovered (allele contrast,
OR=1.13,95% CI=1.02-1.2, P=.03, Fig. 2B; dominant model,
OR=1.15, 95% CI=1.00-1.32, P=.06; recessive model, OR =
1.27,95% CI=0.97-1.26, P=1.67; and homozygous contrast,
OR=1.33, 95% CI=0.65-1.01, P=.04).

3.2.3. VEGF —1154G/A. No correlation with stroke risk was
found in —1154G/A polymorphism under all genetic models
(allele contrast, OR=0.99, 95% CI=0.87-1.11, P=.81,
Fig. 2C; dominant model, OR=1.01, 95% CI=0.87-1.17,
P=.90; recessive model, OR=0.98, 95% CI=0.76-1.27,
P=.13; and homozygous contrast, OR=0.98, 95% CI=0.75-
1.29, P=.90). Table 4 also shows no difference between Asian
and Caucasian.
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Figure 4. Begger funnel plot in assessing publication bias about vascular endothelial growth factor (VEGF) gene polymorphisms and stroke under allele contrast.

(A) VEGF +936C/T. (B) VEGF —2578C/A. (C) VEGF —1154G/A.

3.3. Sensitivity analysis

We did a sensitivity analysis by removing each study in turn
(Fig. 3). The results indicated no significant differences,
suggesting that our results were fairly robust.

3.4. Publication bias

Begger funnel plot and Egger test were performed to assess
the publication bias of included studies. No obvious
evidence of publication bias was indicated by the results
(Fig. 4, Table 5).

4. Discussion

The VEGF, commonly known as vascular permeability factor,
belongs to a gene family that contains mainly VEGF-A, VEGF-B,
VEGF-C, VEGF-D, and placental growth factor which has been
extensively studied and concerned.*®! VEGF can maintain
homeostasis of blood vessels and strengthen neoangiogenesis
under physiologic or pathologic conditions.*”! It has demon-
strated that VEGF, particularly in brain,”®! may mediate the
response of increases in permeability and angiogenesis when
exposed to hypoxia. They also take a critical role in inflamma-
tion, wound healing, as well as in cancer pathology. There are
several evidences that VEGF +936C/T, —2578C/A, and —1154G/
A SNPs are associated with the progress of several diseases.!'®*°!
Although genome-wide association studies on stroke have been
published, the results remain controversial, which may be linked

with sufficient sample size, appropriate control selection,
standardized clinical classification, stroke subtypes, and so
on.1>4

Thus, it is particularly important to explore what role it may
play in the pathogenesis of stroke. Loss of vascular integrity is a
critical step in ischemic brain tissue, which can promote the
proliferation of endothelial cells induce by VEGF. Pericytes
release angiopoietin-1 and participate in the formation of tight
junctions that bind to the endothelial Tie-2 receptor.*”! VEGF
can also counteract the maturation of newborn blood vessels by
disrupting pericytes coverage of vessels.®!! On the contrary,
VEGF can induce the proliferation of endothelial cells to
participate in physiologic and pathologic angiogenesis after
cerebral ischemia, and its expression level may increase the
likelihood of stroke. In hemorrhagic brain tissue, VEGF may
promote the formation of brain edema after subarachnoid
hemorrhage®* and increase the risk of plaque rupture.**! The

Egger linear regression test to measure the funnel plot asymmetric
under allele contrast.

Polymorphism Study t P-value 95% Cl

+936C/T Overall —0.20 .84 —3.32 t0 2.76
—2578C/A Overall —0.30 .78 —4.65 to0 3.85
—1154G/A Overall —0.49 .65 —5.44 t0 3.82

Cl=confidence interval.
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content of matrix metalloproteinase is positively correlated with
the increasing risk of cerebral hemorrhage in patients with
cerebral arteriovenous malformation, which may be linked with
upregulated matrix metalloproteinase activity stimulated by the
VEGE.’* Although over expression of VEGF121 and VEGF163
accelerates the growth and breakdown of micro vessels around
the tumor,®! targeting neuropilin-1 or its cytoplasmic domain
interactors may reduce VEGF165-induced edema.’®®! The new
blood vessels can not only improve the blood supply in the infarct
area, but also cause bleeding due to the rupture of the new small
blood vessels. Therefore, the release of VEGF at the right place
and time is particularly crucial. This may explain that subgroup
analysis showed that there was no difference between cerebral
infarction and hemorrhage groups. It is possible to influence
VEGEF signaling pathway by using anti-VEGF therapy, especially
in the management of neoplasms and ophthalmic diseases.”*”!
However, how the VEGF signaling pathway affects the
pathogenesis of stroke is still unknown.

In the present study, the associations between 3 genetic loci in
VEGF and stroke were investigated from 13 studies. We found
genetic variations in +936C/T and —2578C/A were associated
with the risk of stroke, especially in the Asian population, but not
—1154G/A. There are several interpretations of this phenome-
non. +936C/T resides in the 3-untranslated region which includes
key regulatory elements. It is responsive to hypoxia.l**! +936C/T
also associates with VEGF serum levels.""?! Even though the fact
that both —2578C/A and —1154G/A are located at the promoter
region, —2578C/A is correlated with a decreased VEGF
expression.>! Due to the complexity of angiogenesis mediated
by VEGF, combined analysis of various pathways may be more
feasible.

However, there were certain limitations in this meta-analysis.
First, the number of studies in this meta-analysis was not enough.
The risk assessment of +936C/T, —2578C/A, —1154G/A
polymorphism, and stroke was based on unadjusted environ-
mental effect estimates. If there are detailed personal data, more
accurate analysis can be carried out. Second, 8 of the 13 articles
were taken from China. Therefore, the regional distribution of
the literature is more concentrated, which the results would have
yet to be confirmed. Third, significant heterogeneity in +936C/T
was found, which may be caused by different genotyping
methods. Finally, +936C/T (OR=1.19) and —2578C/A (OR=
1.13) showed a relatively small risk. Some researchers have
showed that stroke is associated with multiple gene loci,!'%12:40!
which may leads to a decrease in the probability of stroke at each
gene locus. In addition, Yadav et al'** had proved that there may
be a joint effect between +936C/T and —2578C/A with the risk of
stroke. However, we need more high-quality, large sample,
multicenter studies to evaluate the relationship between VEGF
polymorphism and stroke.

In conclusion, our meta-analysis suggests that VEGF —1154G/
A polymorphism has no association with stroke risk, whereas
VEGF +936C/T and —2578C/A might be associated with an
increased risk of stroke.
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