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Abstract Published data on the association of vascular
endothelial growth factor (VEGF) gene polymorphisms
with retinopathy of prematurity (ROP) are inconclusive.
The aim of the study was to assess the association by using
meta-analysis. Data were collected from the following
electronic databases: PubMed, Elsevier Science Direct,
Excerpta Medica Database, Cochrane Library and China
National Knowledge Infrastructure, with the last report up
to 30 April, 2012. The odds ratio (OR) and its 95 % con-
fidence interval (95 %CI) were used to assess the strength
of the association. Meta-analysis was performed in a fixed/
random effect model by using the software Review Man-
ager 4.2. A total of 7 studies based on the search criteria
were involved in this meta-analysis. Meta-analysis was
performed for four VEGF gene polymorphisms (—634G/C,
—460T/C, —2578C/A and 936C/T). Significant association
was found for —460T/C polymorphism (C vs T:
OR = 0.74, 95 %CI = 0.57-0.95, P = 0.02; TC+CC vs
TT: OR = 0.75, 95 %CI = 0.47-1.21, P = 0.24; CC vs
TT+TC: OR = 0.45, 95 %CI = 0.26-0.76, P = 0.003;
CC vs TT: OR = 0.45, 95 %CI = 0.24-0.84, P = 0.01;
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TC vs TT: OR = 0.96, 95 %CI = 0.59-1.57, P = 0.87) in
the VEGF gene, but not for other polymorphisms (—634G/
C, —2578C/A and 936C/T). This meta-analysis demon-
strates that advanced ROP is associated with VEGF gene
—460T/C polymorphism, but not —634G/C, —2578C/A
and 936C/T.
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Introduction

Retinopathy of prematurity (ROP) is a major cause of
visual impairment in premature infants, and is thought to
be caused by disorganized growth of retinal blood vessels
which may result in scarring and retinal detachment [1].
The pathogenesis of ROP includes two phases [2, 3]. The
first phase of ROP is due to the sudden postnatal increase
of tissue oxygen tension, and, as a result, the normal
development of retinal vasculature ceases in utero. In the
second phase, precipitated by the increasing metabolic
demand of the developing retina with a compromised
vascular supply is characterized by relative hypoxia, which
leads to pathologic neovascularization that extends into the
vitreous. Globally at least 50,000 children are blind from
ROP which is now a significant cause of blindness in many
middle income countries in Latin American as well as
Eastern Europe, and ROP is also being reported from the
emerging economies of India and China [4].

ROP can be mild and may resolve spontaneously, but it
may lead to blindness in advanced cases. An understanding
of the causes of advanced ROP is an area of intense
interest. Unfortunately, the etiology of pathogenesis of
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advanced ROP is currently unknown. Research with can-
didate gene approach, higher concordance rate in mono-
zygotic twins and other clinical and experimental animal
studies, suggest a strong genetic predisposition to advanced
ROP besides environmental factors [5]. Vascular endo-
thelial growth factor (VEGF) is important in physiological
growth of retinal vessels, and the presence of it is necessary
for normal retinal angiogenesis in utero. Recently, a
number of experimental and clinical data suggested that
VEGF may play a causative role in the development of
ROP [6]. The retinal synthesis of VEGF decreases in the
first phase of ROP, and the inadequate retinal oxygenation
triggers abnormal angiogenesis and acts as a survival factor
for newly formed abnormal retinal vessels in the second
phase of ROP [7]. Thus, the VEGF gene is a good candi-
date for genetics studies on ROP.

The VEGF gene is located on chromosome 6p21.3, and
consists of eight exons exhibiting alternate splicing to form
a family of proteins [8, 9]. In the past few decades, many
polymorphisms have been identified in the VEGF gene,
and a number of studies have investigated the association
of these polymorphisms with ROP, but findings are not
always consistent [10-17]. Meta-analysis is a statistical
procedure for combining the results of several studies to
produce a single estimate of the major effect with enhanced
precision [18]. The aim of the present study is to perform a
comprehensive meta-analysis to evaluate the association of
VEGF gene polymorphisms with advanced ROP.

Methods
Identification of eligible studies

A systematic search was conducted using a retrieving
query formulation “(retinopathy of prematurity OR ROP)
AND (gene OR allele OR polymorphism OR variation)
AND (vascular endothelial growth factor OR VEGF)” in
PubMed, Elsevier Science Direct, Excerpta Medica Data-
base (EMBASE), Cochrane Library and China National
Knowledge Infrastructure (CNKI) (last search updated on
30 April, 2012). Advanced ROP was defined as ROP with
stage 2+ or more. Control was infants with mild ROP or no
disease. Eligible studies were selected according to the
following explicit inclusion criteria: (a) Study was
designed using the methodology of a case—control study.
(b) The association between VEGF gene polymorphisms
and advanced ROP was explored. (c) There was sufficient
data for the computation of odds ratio (OR) and 95 %
confidence interval (95 %CI). Moreover, all references
cited in the retrieved articles were reviewed to identify
other relevant publications. Review articles were also
inspected to find additional publications. No language
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restrictions were applied. Two investigators independently
searched the electronic databases. Where discrepancies
occurred, a third investigator did additional assessment.

Data extraction

Two investigators independently reviewed the articles and
extracted the data from all eligible publications according
to the criteria listed above. The following information were
recorded for each study: first author, year of publication,
ethnicity, polymorphisms, number of cases and controls,
number of cases and controls by allele and genotype. Any
discrepancies between the two investigators were resolved
by discussion and consultation with a third investigator. If
original genotype frequency data were unavailable in rel-
evant articles, a request for additional data were sent to the
corresponding author.

Meta-analysis methods

The strength of the association between VEGF gene poly-
morphisms and advanced ROP was evaluated by the OR with
95 %ClI. The heterogeneity between the studies was assessed
by the Chi square-test based Q-statistic, and a significant
Q-statistic (P < 0.10) indicated heterogeneity across studies
[19]. Additionally, we assessed the effect of heterogeneity by
another measure, I = 100 % x (Q-df)/Q [20]. The pooled
OR was calculated by a fixed effect model (using the Mantel—
Haenszel method) or a random effect model (using the
DerSimonian-Laird method) according to the heterogeneity
among studies [21, 22]. The significance of the pooled OR
was determined by the Z-test. The pooled OR was calculated
for the heterozygote comparison, homozygote comparison,
dominant model, recessive model and allele comparison,
respectively. Chi square-test was used to determine if
observed frequencies of genotypes conformed to Hardy—
Weinberg equilibrium (HWE) expectations.

Evaluation of publication bias

Funnel plot and Egger’s regression test were used to
investigate publication bias. The potential publication bias
was assessed with funnel plots of the effect sizes versus the
standard errors. The funnel plot should be asymmetric
when there is a publication bias. Funnel plot asymmetry
was further assessed by the method of Egger’s regression
test [23].

Analyses were performed using the software Review
Manager 4.2 (Cochrane Collaboration, http://www.cc-ims.
net/RevMan/relnotes.htm/) and the software Stata version
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10 (StataCorp LP, College Station, TX, USA). A P value
less than 0.05 was considered statistically significant. All
the P values were two sided.

Results
Description of studies (Table 1)

The characteristics of the studies investigating the associ-
ation of VEGF gene polymorphisms with advanced ROP
are listed in Table 1 [10-17]. A total of 1,605 potential
publications were relevant to the search words (PubMed:
77; Elsevier Science Direct: 1043; EMBASE: 127; Coch-
rane: 0; CNKI: 358). There were 1,454 potentially relevant
articles after duplicates removed. Through the step of
screening abstract or full text, 1,446 of these articles were
excluded (225 were review; 591 did not conducted in
human; 438 were not case—control study; 114 did not
explore VEGF gene polymorphisms; 78 did not conducted
in patients with ROP), leaving 8 studies [10-17] for
detailed assessment. Of these studies, 1 was excluded due
to unavailable data [11]. Thus, a total of 7 studies [10, 12—
17] were included in the current meta-analysis. The study
selection process is shown in Fig. 1.

The 7 studies explored six different polymorphisms
(702C/T, 936C/T, 1612G/A, —2578C/A, —460T/C and
—634G/C) in the VEGF gene. Four of these polymor-
phisms (—634G/C, —460T/C, —2578C/A and 936C/T)
were investigated in more than two studies. Thus, meta-
analysis was performed for four polymorphisms (—634G/C
[13, 14, 16, 17], —460T/C [13, 14, 16], —2578C/A [12, 15]
and 936C/T [10, 17]). Only allele frequency of the VEGF
gene —460T/C polymorphism was extracted from the study
by Shastry et al. [14]. The distribution of the genotype in

total control population were in HWE for the four poly-
morphisms (P > 0.05).

Meta-analysis (Table 2)

The summary of meta-analysis for VEGF gene polymor-
phisms and advanced ROP risk is shown in Table 2.

Analysis for VEGF gene —634G/C polymorphism

Four studies (296 cases and 392 controls) explored the
association of VEGF gene —634G/C polymorphism with
advanced ROP. The Q-test of heterogeneity was almost
significant and we conducted analyses using the random
effect models except in the contrast of GC versus GG. We
found no association between VEGF gene —634G/C
polymorphism and advanced ROP (C vs G: OR = 1.08,
95 %CI = 0.69-1.69, P = 0.72; GC+CC vs GG: OR =
0.99, 95 %CI = 0.58-1.68, P = 0.96; CC vs GG+GC:
OR = 1.44, 95 %CI = 0.69-3.00, P = 0.33; CC vs GG:
OR = 1.36, 95 %CI = 0.53-3.48, P =0.53; GC vs
GG: OR = 0.90, 95 %CI = 0.65-1.24, P = 0.52).

Analysis for VEGF gene —460T/C polymorphism

The association of VEGF gene —460T/C polymorphism
with advanced ROP was investigated in 3 studies with a total
of 212 cases and 297 controls. The Q-test of heterogeneity
was not significant and we conducted analyses using fixed
effect models. An association of VEGF gene —460T/C
polymorphism with advanced ROP was found (C vs T:
OR = 0.74, 95 %CI = 0.57-0.95, P = 0.02; TC+CC vs
TT: OR = 0.75, 95 %CI = 0.47-1.21, P = 0.24; CC vs
TT+TC: OR = 0.45,95 %CI = 0.26-0.76, P = 0.003; CC

Table 1 Characteristics of studies investigating the association of VEGF gene polymorphisms with advanced ROP

ID  Study Years  Ethnic group  Polymorphisms Sample size Frequencies  Frequencies
——_—of alleles of genotypes
Case  Control
1 Gismondi et al. [10] 2012 Caucasian 702C/T, 936C/T, 1612G/A 43 53 Available Available
2 Kusuda et al. [11] 2011 Asian —634G/C, 13553C/T NA NA NA NA
3 Shastry [12] 2009 Caucasian —2578C/A 100 100 Available Available
4 Kwinta et al. [13] 2008 Caucasian —460T/C, —634G/C 60 121 Available Available
5 Shastry et al. [14] 2007 Caucasian —634G/C, —460T/C 61 61 Available Available: —634G/C
NA: —460T/C
Banyasz et al. [15] 2006 Caucasian —2578C/A 90 110 Available Available
Vannay et al. [16] 2005 Caucasian —460T/C, —634G/C 86 115 Available Available
Cooke et al. [17] 2004 Caucasian —634G/C, 936C/T 91 97 Available Available

VEGF vascular endothelial growth factor, ROP retinopathy of prematurity, NA not available
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Fig. 1 Flow diagram of the
study selection process

1605 potentially relevant studies identified and screened (PubMed: 77;
Elsevier Science Direct: 1043; EMBASE: 127; Cochrane: 0; CNKI: 358)

A

1454 potentially relevant studies after

duplicates removed

1446 excluded by review of abstract or full

text (225 reviews; 591 not in human; 438

not case-control study; 114 not VEGF gene
polymorphism; 78 not in ROP)

8 studies retrieved for detailed

assessment

» 1 excluded due to not available data

7 studies included in

meta-analysis

vs TT: OR = 0.45, 95 %CI = 0.24-0.84, P = 0.01; TC vs
TT: OR = 0.96, 95 %CI = 0.59-1.57, P = 0.87).

Analysis for VEGF gene —2578C/A polymorphism

The association of VEGF gene —2578C/A polymorphism
with advanced ROP was investigated in 2 studies with a
total of 190 cases and 210 controls. We found no signifi-
cant between-study heterogeneity in the contrasts of
CA+AA versus CC as well as CA versus CC, and we
conducted analyses using fixed effect models. But we
detected significant between-study heterogeneity in the
contrasts of A versus C, AA versus CC+CA as well as AA
versus CC, and we conducted analyses using the random
effect models. We did not detect a significant association
between VEGF gene —2578C/A polymorphism and
advanced ROP (A vs C: OR = 1.04, 95 %CI = 0.51-2.14,
P =091; CA+AA vs CC: OR =1.01, 95 %CI =
0.66-1.54, P =096; AA vs CCH+CA: OR = 1.38,
95 %CI = 0.19-9.90, P = 0.75; AA vs CC: OR = 1.34,
95 %CI = 0.16-11.41, P = 0.79; CA vs CC: OR = 0.97,
95 %CI = 0.62-1.50, P = 0.87).

Analysis for VEGF gene 936C/T polymorphism

The association of VEGF gene 936T/C polymorphism with
advanced ROP was investigated in 2 studies (129 cases and
146 controls). The Q-test of heterogeneity was not signif-
icant and we conducted analyses using fixed effect models.
We did not detect a significant association of VEGF gene
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936T/C polymorphism with advanced ROP (T vs C:
OR = 0.65, 95 %CI = 0.42-1.01, P = 0.06; CT+TT vs
CC: OR = 0.64, 95 %CI = 0.38-1.07, P = 0.09; TT vs
CC+CT: OR = 0.54, 95 %CI = 0.18-1.61, P = 0.27; TT
vs CC: OR = 0.50, 95 %CI = 0.16-1.51, P = 0.22; CT vs
CC: OR = 0.67, 95 %CI = 0.39-1.17, P = 0.16).

Publication bias

Funnel plot was performed to estimate the publication bias
of literatures. We further assessed funnel plot asymmetry
by the method of Egger’s regression test. The results of
Egger’s regression test showed that there was no publica-
tion bias for some comparisons (—634G/C: C vs G
P = 0.905, GC+CC vs GG P = 0.907, CC vs GG+GC
P =0.757, CC vs GG P = 0.813, GC vs GG P = 0.983;
—460T/C: C vs T P = 0.549). However, Egger’s regres-
sion test was not applied in some comparisons due to the
small number of studies (—460T/C: TC+CC vs TT, CC vs
TT+TC, CC vs TT, TC vs TT; —2578C/A: A vs C,
CA+AA vs CC, AA vs CCH+CA, AA vs CC, CA vs CGC;
936C/T: T vs C, CT+TT vs CC, TT vs CC+CT, TT vs CC,
CT vs CC).

Discussion

Major risk factors of ROP are prematurity and oxygen
toxicity, and, while, as not each infant from the same
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Table 2 Meta-analysis of VEGF gene polymorphisms and advanced ROP

Polymorphisms Comparisons Sample size No. of studies Test of association Test of heterogeneity
Case Control OR (95 %CI) Z P value Model 12 P value I (%)
—634G/C Cvs G 592 784 4 1.08 (0.69-1.69) 035 0.72 R 11.19 0.01 732
GC+CC vs GG 296 392 4 0.99 (0.58-1.68)  0.05 0.96 R 8.72 0.03 65.6
CC vs GG+GC 296 392 4 1.44 (0.69-3.00) 096 0.33 R 6.87 0.08 56.3
CC vs GG 172 217 4 1.36 (0.53-3.48) 0.63 0.53 R 10.09 0.02 70.3
GC vs GG 256 354 4 0.90 (0.65-1.24)  0.65 0.52 F 559 0.13 46.4
—460T/C CvsT 414 594 3 0.74 (0.57-0.95) 234 0.02 F 1.37 0.50 0.0
TC+CCvs TT 146 236 2 0.75 (0.47-1.21) 1.18 0.24 F 0.11 0.74 0.0
CC vs TTH+TC 146 236 2 0.45 (0.26-0.76)  2.98 0.003 F 0.59 0.44 0.0
CCvs TT 66 128 2 0.45 (0.24-0.84) 2.52 0.01 F 0.04 0.83 0.0
TC vs TT 123 164 2 0.96 (0.59-1.57) 0.16 0.87 F 0.71 0.40 0.0
—2578C/A AvsC 380 420 2 1.04 (0.51-2.14)  0.11 091 R 6.35 0.01 84.3
CA+AAvs CC 190 210 2 1.01 (0.66-1.54) 0.05 0.96 F 211 0.15 52.5
AA vs CC+CA 190 210 2 1.38 (0.19-9.90) 0.32 0.75 R 9.42  0.002 89.4
AA vs CC 91 98 2 1.34 (0.16-11.41) 0.27 0.79 R 9.39  0.002 89.3
CA vs CC 161 180 2 0.97 (0.62-1.50)  0.16 0.87 F 0.37 0.54 0.0
936C/T TvsC 258 292 2 0.65 (0.42-1.01) 191 0.06 F 0.57 045 0.0
CT+TT vs CC 129 146 2 0.64 (0.38-1.07) 1.72 0.09 F 1.23  0.27 18.5
TT vs CC+CT 129 146 2 0.54 (0.18-1.61) 1.11 0.27 F 0.01 091 0.0
TT vs CC 100 103 2 0.50 (0.16-1.51) 1.24 0.22 F 0.01 0.93 0.0
CT vs CC 124 136 2 0.67 (0.39-1.17) 140 0.16 F 1.66 0.20 39.7

VEGF vascular endothelial growth factor, ROP retinopathy of prematurity, vs versus, R random effect model, F fixed effect model

developmental cohort with the same clinical condition
develops ROP, there is also an individual susceptibility to
the disease [24, 25]. Recent evidences have supported an
important role for genetics in determining risk for ROP [5].
However, small sample sized association studies lack sta-
tistical power and result in apparently contradicting find-
ings [26]. Meta-analysis become important in complex
human diseases genetics because of rapid increases in the
number and size of datasets. In the current meta-analysis,
we retrieved 7 studies to evaluate the association of VEGF
gene polymorphisms with advanced ROP. Meta-analysis
was performed for four polymorphisms (—634G/C,
—460T/C, —2578C/A and 936C/T). Results of our meta-
analysis indicate that advanced ROP is associated with
VEGF gene —460T/C polymorphism, but not —634G/C,
—2578C/A and 936C/T. To our knowledge, the present
meta-analysis is the first to assess the association between
VEGF gene polymorphisms and advanced ROP.

Our results demonstrated that the VEGF gene —460T/C
polymorphism could be a protective factor for advanced
ROP. The T allele carriers have a higher risk than infants
carrying C allele. Growth factors including VEGF, growth
hormone and insulin-like growth factor-1 have been found
to involve in the pathogenesis of ROP [27]. VEGF is
essential for neovascularization. Abnormal and progressive

neovascularization is the most important pathophysiologi-
cal mechanism in the development of ROP. Retinal
diseases might share the disease process of vasculopathy
with ROP, and recent studies indicated that VEGF gene
polymorphisms were associated with proliferative diabetic
retinopathy and age-related degeneration [28, 29]. Dys-
regulated VEGF expression is implicated in a number of
disease pathologies, and increased VEGF expression
resulting in inappropriate VEGF-induced angiogenesis is
linked with tumor, rheumatoid arthritis and diabetic reti-
nopathy [30-33]. Recently, it was also reported that
increased VEGF expression was associated with both
avascular retina and intravitreous neovascularization in a
model of ROP [34]. The VEGF gene —460T/C polymor-
phism is located within the promoter region. In patients
with psoriasis, the evidence showed that the TT genotype
was associated with significantly higher production of
VEGEF in comparison to the CC genotype [35]. Therefore,
we speculate that the VEGF gene —460T/C polymorphism
may decrease production of VEGF, resulting in a decreased
susceptibility to advanced ROP. But the detailed mecha-
nisms need further study.

Several considerations should be discussed for our
study. A first consideration is that significant between-
study heterogeneity was found in some comparisons, and
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may be distorting the meta-analysis. A second consider-
ation is that we could not construct Egger’s regression test
for all comparisons due to small number of studies, and
publication bias may be present. A third consideration is
that our results are based on unadjusted estimates, and a
more precise analysis stratified by clinical characteristics
could be performed if individual data were available.
Finally, although we did not detect the association of
VEGF gene —634G/C, —2578C/A and 936C/T polymor-
phisms with advanced ROP, the result should be inter-
preted with caution because the number of studies was
relatively small.

In conclusion, our meta-analysis demonstrates that
advanced ROP is associated with VEGF gene —460T/C
polymorphism, but not —634G/C, —2578C/A and 936C/T.
To reach a definitive conclusion, further studies based on
larger sample size are still needed.
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