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Background. Vascular endothelial growth factor (VEGF) gene polymorphisms have been shown to be associated with the risk of
diabetic retinopathy (DR), but the results were inconsistent. The aim of this study was to systematically assess the associations
between VEGF gene polymorphisms and different types of DR (nonproliferative DR and proliferative DR). Methods. Electronic
databases PubMed, Embase, Web of Science, CNKI, and WANFANG DATA were searched for articles on the associations
between VEGF gene polymorphisms and different types of DR up to November 6, 2019. Pooled odds ratios (ORs) and 95%
confidence intervals (CIs) were calculated, and subgroup analyses were conducted by ethnicity. Sensitivity analysis was
conducted to assess the stability of the results. Publication bias was assessed by using the Egger regression asymmetry test and
visualization of funnel plots. A systematic review was conducted for polymorphisms with a high degree of heterogeneity
(I? > 75%) or studied in only one study. Results. A total of 13 and 18 studies analyzed the associations between VEGF SNPs
and nonproliferative DR (NPDR) as well as proliferative DR (PDR), respectively. There were significant associations between
rs2010963 and NPDR in Asian (dominant model: OR =1.29, 95%CI = 1.04 — 1.60); and rs2010963 is associated with PDR in
total population (dominant model: OR = 1.20, 95%CI = 1.03 — 1.41), either Asian (recessive model: OR =1.57, 95%CI = 1.04 —
2.35) or Caucasian (recessive model: OR =1.83, 95%CI = 1.28 — 2.63). Rs833061 is associated with PDR in Asian (recessive
model: OR =1.58, 95%CI =1.11 — 2.26). Rs699947 is associated with NPDR in the total population (dominant model: OR =
2.04, 95%CI =1.30 — 3.21) and associated with PDR in Asian (dominant model: OR =1.72, 95%CI = 1.05 — 2.84). Conclusions.
Rs2010963, rs833061, and rs699947 are associated with NPDR or PDR, which may be involved in the occurrence and
development of DR.

1. Introduction

With the change of modern people’s lifestyle, diabetes melli-
tus (DM) has become a serious public health problem in the
world, which has seriously affected the life quality of patients
and brings huge medical and economic burden to the society
[1, 2]. Diabetic retinopathy (DR), one of the most common
microvascular complications of DM, is the leading cause of

acquired blindness in middle-aged people [3]. The patho-
physiological mechanism of DR is complex, and there are
no effective treatments at present. According to the progress
and severity of DR, it can be divided into nonproliferative DR
(NPDR) and proliferative DR (PDR), whose pathogenesis
and pathophysiology were not exactly the same [4]. Until
now, the pathogenesis of this disease has not been fully
understood; it was generally believed that the occurrence of
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DR is affected by many factors, including age, inflammation,
hypoxia, and genetic factors [5, 6]. In recent years, with the
development of genome-wide association study (GWAS),
the risk loci associated with DR discovered by GWAS study
have provoked researchers’ attention and research on the
genetic factors of DR, provided a theoretical basis for under-
standing the role of genetic factors in the occurrence, preven-
tion, and treatment of DR.

Vascular endothelial growth factor (VEGF) is a special
type of cytokine, which is secreted by various cells such as
vascular endothelial cells and smooth muscle cells, and plays
an important role in regulating blood vessel formation,
tumor growth and development and atherosclerosis [7].
Study has shown that VEGF is a basic regulator of normal
and abnormal angiogenesis, and it is the key mediator of many
angiogenesis-related diseases [8]. Intraocular neovasculariza-
tion mediated by VEGF may lead to vitreous hemorrhage, ret-
inal detachment, and eventually blindness [9], which is closely
related to the occurrence and development of DR. Evidence
showed that serum VEGF levels significantly elevated in
patients with DR [10]; some factors that affect the occurrence
of DR may be achieved by regulating the expression of VEGF
[11, 12], suggesting that VEGF may play an important role in
the development of DR. The human VEGF gene is located on
chromosome 6p21.3, whose single nucleotide polymorphisms
(SNPs) can affect gene expression by altering key regulatory
sequences or by altering mRNA stability at key regulatory loci
[4]. In recent years, a large number of studies have investigated
the association between VEGF gene polymorphisms and
NPDR or PDR, but the results were inconsistent [13-15].
The contradictory results may be due to ethnic differences,
small sample size, clinical, or method heterogeneity.

Meta-analysis can increase the statistical efficiency by
quantitatively synthesizing the results of individual studies
[16]. Although some studies have done meta-analysis
between VEGF gene polymorphisms and DR [4, 17-19],
there were differences among the results, and they only ana-
lyzed the association between VEGF SNPs and DR in general
without distinguishing NPDR or PDR. In addition, some new
studies on the association of VEGF SNPs and different types
of DR have been published recently. Therefore, in this study,
we completed an updated systematic review and meta-
analysis to evaluate the association between VEGF SNPs
and NPDR as well as PDR.

2. Materials and Methods

This meta-analysis was performed according to the recom-
mendations for improving the quality of meta-analyses of
genetic association studies and in accordance with the guide-
lines of the Human Genome Epidemiology Network [20].
Evaluation of studies” quality was based on the Strengthening
the Reporting of Genetic Association Studies guidelines [21].
This systematic review and meta-analysis was conducted
in accordance with the PRISMA reporting specification
(Supplementary 1).

2.1. Literature Search Strategy. We systematically searched
the electronic databases (PubMed, Embase, Web of Science,
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CNKI, and WANFANG DATA) to identify articles on the
association between VEGF SNPs and different types of DR
that have been published up to November 6, 2019. The terms
used for search were (“diabetic retinopathy+” OR “diabetes
retinopathy*” OR “DR%”) AND (“vascular endothelial
growth factor*” OR “vascular endothelial cell growth factor
” OR “VEGF#”) AND (“gene*” OR “polymorphism#” OR
“mutation*” OR “single nucleotide polymorphisms” OR
“SNP=” OR “variant*”) (Supplementary 2). The reference lists
of relevant articles were checked to identify additional eligible
studies not included.

2.2. Inclusion and Exclusion Criteria. Eligible articles
included studies assessing the association of VEGF gene poly-
morphisms with confirmed NPDR or PDR in humans. The
inclusion criteria were as follows: (1) case-control studies
investigating the association between VEGF SNPs and NPDR
or PDR; (2) enough genotype data were available to calculate
odds ratios (ORs) and 95% confidence intervals (Cls); and
(3) both type 1 DM and type 2 DM met the inclusion criteria.
The exclusion criteria were as follows: insufficient informa-
tion for available data, reviews, comments, meeting abstracts,
animal models, and case report. If duplication or overlapping
data occurred, only the study that included the largest indi-
viduals was included.

2.3. Data Extraction and Quality Assessment. Two authors
(LM Hu and CM Gong) independently extracted the data
from the included studies, and disagreements were
resolved by consensus with a third author (JX Yan) and
discussion. The following characteristics were extracted
from the selected studies: the first author, year of publica-
tion, country, ethnicity, sample size, mean age, sex, dura-
tion of diabetes, numbers or frequencies of genotypes and
alleles, and the Hardy-Weinberg equilibrium (HWE) sta-
tus (obtained from the article or calculated by genotype dis-
tributions). Ethnicity was classified as Asian and Caucasian.
The Newcastle-Ottawa quality assessment scale (NOS) was
used to assess the quality of studies included in this meta-
analysis. Studies with NOS scores > 6 were regarded as high

quality.

2.4. Statistical Analysis. The distribution of genotypes and
alleles between case and control group was compared by
the Chi-square test. Pooled ORs and corresponding 95%
CIs were calculated to evaluate the strength of association
by using a fixed-effect model or random-effect model. The
significance of pooled OR was determined by the Z test.
The pooled results were evaluated by the dominant model,
recessive model, and allelic model. The heterogeneity
between studies was assessed using I’ statistic and corre-
sponding P value. When P < 0.1 or I? > 50%, significant het-
erogeneity was considered, and the random-effect model was
used. Otherwise, the fixed-effect model was used. Subgroup
analyses were performed by ethnicity. In addition, if there
was a high degree of heterogeneity (I> > 75%) [22] or identi-
fied only in one study that quantitative synthesis was not
suitable, the data will be summarized and presented in a
descriptive way. Sensitivity analysis was performed for the
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FiGure 1: PRISMA flow diagram of study selection process.

SNPs with more studies (>7) to estimate the stability of the
results. Potential publication bias was assessed by funnel plots
of Begg’s rank correlation method and Egger’s regression
asymmetry. All statistical analyses were performed using the
STATA 12.0 software (Stata Corporation, College Station,
TX, USA). P < 0.05 was considered statistically significant.

3. Results

3.1. Characteristics of Included Studies. A total of 1668 stud-
ies were retrieved in the initial search, and 1 study was
identified through the relevant references check. After the
duplication was removed, 6 SNPs of 18 studies were finally
included. The flow chart describing study selection process
is shown in Figure 1. There were 13 studies including the
association between VEGF SNPs and NPDR [13-15, 23—
32], and 18 studies including the association between
VEGF SNPs and PDR [13-15, 23-37]. The characteristics
of included studies are summarized in Tables 1 and 2,
respectively.

3.2. Association between VEGF SNPs and Different
Types of DR

3.2.1. VEGF rs2010963 and the Risk of Different Types of DR.
Nine studies including 959 cases and 1357 controls investi-
gated the association between rs2010963 and NPDR, in
which 7 studies were conducted in Asian and 2 in Caucasian.
Twelve studies including 1431 cases and 2126 controls inves-
tigated the association between rs2010963 and PDR, in which
8 studies were conducted in Asian and 4 in Caucasian.
There was statistically significant association between
rs2010963 polymorphism and NPDR in Asian population
(dominant model: OR=1.29, 95%CI=1.04-1.60, P=
0.023; recessive model: OR =1.48, 95%CI=1.11-1.99, P=
0.009; allelic model: OR=1.26, 95%CI=1.08-1.47, P=
0.003) (Table 3). The CC genotype and C allele of rs2010963
were positively associated with PDR in total population (dom-
inant model: OR=1.20, 95%CI=1.03-1.41, P=0.022;
recessive model: OR =1.66, 95%CI=1.21 —2.28, P =0.002;
allelic model: OR=1.23, 95%CI=1.11-1.37, P<0.001),
either Asian (recessive model: OR =1.57, 95%CI=1.04 —
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2.35, P =0.030; allelic model: OR =1.26, 95%CI =1.01 — 1.57
, P=0.039) or Caucasian (recessive model: OR = 1.83, 95%
CI=1.28-2.63, P=10.001; allelic model: OR =1.31, 95%CI
=1.09 - 1.57, P = 0.004) (Table 4).

Two studies of rs2010963 polymorphism and NPDR in the
Caucasian population were conducted in Egypt and Poland,
respectively, and their genotype distribution in the case group
was opposite, leading to greater heterogeneity between stud-
ies. There was no association between rs2010963 and NPDR
in Egypt. However, the CC genotype and C allele frequency
in NPDR group was significantly higher than that in the con-
trol group in Poland (Table 1).

3.2.2. VEGF rs3025039 and the Risk of Different Types of DR.
Five studies investigated the association between rs3025039
and NPDR as well as PDR. There was a high degree of hetero-
geneity between studies, so we made a descriptive summary
of the results. Studies showed that the T allele of rs3025039
was negatively associated with NPDR and PDR in Chinese
population, but it was positively associated with NPDR and
PDR in South Korea. Rs3025039 was associated with PDR in
Japan. No association was found between rs3025039 and
NPDR in India. However, the association between rs3025039
and PDR in India lacks a unified conclusion (Tables 1 and 2).

3.2.3. VEGF rs833061 and the Risk of Different Types of DR.
Four studies investigated the association between rs833061
and NPDR risk. They were conducted in Pakistani, Chinese,
and Polish. The results showed that rs833061-C was posi-
tively associated with NPDR in Pakistani, but the direction
of the results was inconsistent among Chinese. No associa-
tion was found in Polish (Table 1).

Five studies with 759 cases and 1093 controls that
investigated the association between rs833061 and PDR risk
were included. Significant association was found between
rs833061 polymorphism and PDR in recessive model in
Asian population (OR=1.58, 95%CI=1.11-2.26, P=
0.012) (Table 4).

3.2.4. VEGF rs1570360 and the Risk of Different Types of DR.
A total of four studies with 559 cases and 927 controls involv-
ing rs1570360 polymorphism and NPDR risk were included
in this meta-analysis. No association was found between
rs1570360 and NPDR (Table 3).

Five studies studied the association between rs1570360
polymorphism and PDR; there was a high degree of hetero-
geneity that was not suitable for merging the results. These
studies found that the A allele of rs1570360 was associated
with PDR risk in the Indian and European population, while
it had a negative association in the Pakistani population.
However, no association was found between rs1570360 and
PDR in Korean and Japanese (Table 2).

3.2.5. VEGF rs699947 and the Risk of Different Types of DR.
Two studies of 138 cases and 208 controls examined the asso-
ciation between rs699947 polymorphism and NPDR risk.
Significant association was found between rs699947 and
NPDR in the dominant model (OR = 2.04, 95%CI = 1.30 —
3.21, P=0.002) (Table 3).

Three studies including 366 cases and 500 controls stud-
ied the association between rs699947 polymorphism and
PDR risk. The results showed that rs699947 was associated
with PDR in Asian (dominant model: OR =1.72, 95%CI =
1.05-2.84, P=0.033; allelic model: OR=1.48, 95%CI =
1.17-1.88, P=0.001) (Table 4).

3.2.6. VEGF rs13207351 and the Risk of Different Types of DR.
Two studies analyzed the association between rs13207351
polymorphism and PDR risk. Due to the high heterogeneity,
the summary results were that as follows: the G allele of
rs13207351 was positively associated with PDR in Pakistani,
while this allele had a negative association in European
(Table 2).

3.3. Publication Bias and Sensitivity Analysis. Due to the fact
that the association of rs2010963 with NPDR and PDR was
conducted in 9 and 12 studies, respectively, Begg’s funnel plot
and the Egger’s regression asymmetry test were used to assess
publication bias. No publication bias was examined in the
dominant model (Figure 2).

For the association between rs2010963 and NPDR as well
as PDR, sensitivity analysis was used to assess the impact of
each individual study on the pooled results by sequentially
remove each eligible study. Deletion of any study has no sig-
nificant effect on the results (Supplementary 5), indicating
that the results were statistically stable and reliable. In addi-
tion, a meta-regression analysis was performed to explore
the heterogeneity between studies. Variables include publica-
tion years, ethnicity, sample size, and NOS score. However,
these variables have nothing to do with heterogeneity (Sup-
plementary 3).

3.4. Systematic Review of Other VEGF SNPs and the Risk of
Different Types of DR. Except the above VEGF gene polymor-
phisms, there were some other SNPs that were studied [13,
15, 28, 37-39]. Some SNPs were found to be associated with
NPDR in Pakistani [13], or associated with PDR in European
[37] (Supplementary 4), indicating that they may be associ-
ated with different types of DR susceptibility. However, due
to the lack of research on these SNPs, their association with
NPDR or PDR still needs further confirmation.

4. Discussion

DR is one of the most serious microvascular complications
of DM, and it is the leading cause of visual impairment
[40]. Evidence suggested that DR is a multifactorial disease
caused by both genetic and environmental factors, in which
VEGF played an important role in the development of DR
[41, 42]. In this systematic review and meta-analysis, we
quantitatively analyzed the association between VEGF gene
polymorphisms and risk of different types of DR. The results
showed that rs2010963 was associated with NPDR in Asian
and associated with PDR in the total population, either
Asian or Caucasian. Rs833061 and rs699947 polymorphisms
were associated with PDR in Asian, while rs699947 was
associated with NPDR risk in the total population.

VEGF is the main regulator of physiological and patho-
logical vascular growth. It can induce the increase of retinal
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FIGURE 2: Begg’s funnel plot for the association between rs2010963 and NPDR as well as PDR in the dominant model. (a) Begg’s funnel plot
for the association between rs2010963 and NPDR in the dominant model. (b) Begg’s funnel plot for the association between rs2010963 and

PDR in the dominant model.

vascular permeability, the destruction of blood retinal barrier
and the formation of new blood vessels in DR, which is
closely associated with the occurrence and development of
DR [17]. Animal study indicated that intravitreal injection
of VEGF small interfering RNA can inhibit choroidal neovas-
cularization and vascular permeability [43], further proving
that VEGF is associated with DR. Studies have shown that
VEGF gene polymorphisms, such as rs2010963, rs699947,
and rs3025039, are significantly associated with serum VEGF
levels [30, 44, 45], and these SNPs are associated with DR
risk. However, the genetic susceptibility of NPDR and PDR
is different [46]. A few studies have explored the association
between VEGF SNPs and DR susceptibility, and some
studies have conducted meta-analysis, but the results were
not consistent. The most studied polymorphism of VEGF
was rs2010963. Although most studies showed that there
was no association between rs2010963 and DR, and a recent
meta-analysis did not find association between them [4]. In
contrast, Qiu et al. conducted a meta-analysis of studies prior
to 2012 and confirmed that rs2010963 polymorphism was
associated with DR [18]. Consistently, in this paper, our
study indicated that rs2010963 was associated with NPDR
in Asian and associated with PDR in total population, either
Asian or Caucasian. These results were contrary to previous
researches [46, 47], which did not find association between
them. These differences may be attributed to studies of differ-
ent ethnicities and different types of DR. So far, no confirmed
conclusion can be drawn about the association between
rs2010963 and DR, and further research is needed.

A recent meta-analysis of the association between VEGF
gene polymorphisms and DR found that the C allele of
rs833061 was positively associated with DR susceptibility
[4]. Consistently, the research by Han et al. also found that
the rs833061 polymorphism was associated with DR [47].
In this meta-analysis, we found that rs833061 polymorphism
was associated with the development of PDR in Asian, indi-
cating that rs833061 polymorphism was associated with
PDR susceptibility. Consistent with this result, Gong et al.

performed a meta-analysis of studies before 2013 and con-
cluded that rs833061 polymorphism was associated with
PDR [48]. These results indicated that rs833061 polymor-
phism was associated with PDR, but the role of racial factor
in PDR and the association between genetic factors and dif-
ferent types of DR still need further study. In addition, we
found that rs699947 was associated with the susceptibility
of PDR in Asian. Consistent with our results, Wang et al.
found that rs699947 was associated with DR in Asian popu-
lations [17]. However, Lu et al. found that rs699947 was asso-
ciated with DR in European [19]. These results indicated that
the genetic susceptibility of DR varies among different popu-
lations. The different results may be due to differences in the
recruitment of study population and the subjects themselves,
the number of studies included in meta-analysis, the type of
DR, and the genetic and environmental backgrounds.

Several limitations of this study need to be considered.
First, different genotyping methods used among studies
may lead to inconsistent test results. Second, the inclusion
of both type 1 DM and type 2 DM in some studies may have
an impact on the results. Third, due to the lack of study at
present, we did not analyze by country; and for SNPs with
large heterogeneity between studies or studied only in one
study, no conclusion can be drawn, and more exploration
and research are needed to determine the association
between VEGF gene polymorphisms and NPDR as well as
PDR. Fourth, some other potential confounders, such as
age, sex, duration of DM, glycemic control, genetic, and envi-
ronmental interactions, may also affect the results. However,
the results did not change after excluding studies containing
patients with type 1 DM, and this meta-analysis increased the
statistical power of the analysis, provided the latest compre-
hensive evidence for the association between VEGF gene
polymorphisms and NPDR as well as PDR susceptibility.
Moreover, we conducted subgroup analyses of different types
of DR based on ethnicity, obtained relatively stable results
through sensitivity analysis and publication bias evaluation,
so the results were more credible and convincing.
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5. Conclusions

The results indicated that rs2010963 is associated with NPDR
in Asian and associated with PDR in total population, either
Asian or Caucasian. Rs833061 and rs699947 polymorphisms
are associated with PDR in Asian, and rs699947 is associated
with the occurrence of NPDR in the total population. Con-
sidering that DR is a multifactorial disease, many environ-
mental and genetic factors may be involved in DR, and the
genetic susceptibility of different types of DR may be differ-
ent in different populations. Therefore, further large-scale
studies on risk factors and pathological mechanisms of differ-
ent types of DR are needed in different populations.
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