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Abstract: Important in angiogenesis, vascular endothelial growth factor (VEGF) acts as a biomarker in the growth of 
and prognosis for breast cancer. Evidence suggests that single nucleotide polymorphisms of VEGF such as +936C/T 
(rs3025039) effects VEGF levels; however, current studies on the association between +936C/T and breast cancer 
risk are inconsistent. This meta-analysis was conducted to reach a more precise conclusion about this association. 
PubMed was searched for case-control studies on the association between +936C/T levels and breast cancer risk. 
The quality of each study was scoring in term of some important criteria. Pooled odds ratios (ORs) and 95% confi-
dence intervals (CIs) were used to assess the strength of this association. Subgroup analysis stratified by ethnicity 
and quality score was also conducted. Eighteen studies with 10,694 cases and 11,199 controls in accord with 
the selection criteria were included in our meta-analysis. When all eligible studies were pooled, our meta-analysis 
showed that there was no significant association between +936C/T and breast cancer risk in the all ethnic group; 
however, in the subgroup analysis, we found that +936C/T was associated with reduced breast cancer risk in the 
Asian population. When stratified by the quality score, no significant association was found between +936C/T and 
breast cancer risk either in studies scored <8 or studies scored >7. Our findings suggested that +936C/T is not as-
sociated with breast cancer risk but may reduce the risk in the Asian population. 
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Introduction

Breast cancer is the second most prevalent 
cancer among women, comprising approxi-
mately one-third of all female cancer patients 
[1]. Now considered to be a multifactorial dis-
ease, it is suggested that susceptibility genes 
along with several other factors play an impor-
tant role in carcinogenesis and the develop-
ment of cancer [2].

Vascular endothelial growth factor (VEGF) is a 
key factor in the regulation of angiogenesis with 
specific mitogenicity for endothelial cells, which 
can increase capillary permeability and dilate 
arteries [3]. Solid tumors secrete VEGF to 
induce endothelial cells to form blood vessels 
that will provide an adequate blood supply for 

tumors [4]. The formation of new blood vessels 
further stimulates tumor proliferation and 
metastasis [5]. In breast cancer, VEGF expres-
sion correlates well with decreased overall sur-
vival and a positive prognosis of disease-free 
survival in breast cancer patients [6, 7]. Studies 
have shown that VEGF plays an important role 
in breast cancer stem cell, thus promoting 
breast cancer progression [8]. The VEGF gene  
is located on chromosome 6 at P21.3 and  
has eight exons and seven introns [9]. Single 
nucleotide polymorphisms of VEGF, such as 
+936cytosince/thymine (C/T), -2578C/adenine 
(A), -406C/T, and -1154guanine (G)/A, have 
been identified and several additional studies 
have been conducted specifically on +936C/T 
(rs3025039) [10]. Evidence suggests that the 
change from C to T results in the loss of a poten-
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tial binding site for AP-4, which is a transcrip-
tional factor first discovered for its ability to 
bind to the long terminal repeats and recently 
reported to be implicated in cell proliferation 
[11, 12]; therefore, the VEGF levels in plasma in 
carriers of the +936T allele are significantly 
reduced [13, 14]. Many studies have in- 
vestigated the association between +936C/T 
(rs3025039) and breast cancer susceptibility, 
but the results have been inconsistent [15-30]. 
We performed this meta-analysis to reach a 
more accurate conclusion on the association 
between +936C/T and breast cancer risk.

Materials and methods

Publication search

PubMed was searched for relevant available 
articles. The key words we used for this search 
were “VEGF”, “polymorphism”, “variants”, 
“alleles”, “genetics”, “+936C/T”, “rs3025039”, 
and “breast cancer”. The search was restricted 
to human studies and the language was con-
fined to English. Eligible studies were retrieved 
and their references examined to find other rel-
evant publications. Review articles and other 
meta-analyses and their bibliographies of other 

relevant studies were searched for additional 
eligible studies. Only published studies in which 
the full text was accessible were included.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (i) a case-
control study evaluating the link between 
+936C/T (rs3025039) and human breast can-
cer risk; (ii) written in English; (iii) full text was 
accessible; (iv) no overlapping data; when 
faced with overlapping data, the most recent 
study was chosen; and (v) sufficient data for 
calculating the pooled odds ratios (ORs). The 
exclusion criteria were as follows: (i) did not 
evaluate the association between +936C/T 
(rs3025039) and human breast cancer risk; (ii) 
animal studies; (iii) studies with incomplete raw 
data or no usable data; or (iv) duplicated 
publications. 

Data extraction

Data was extracted independently by two 
researchers. When there was a dispute about 
data extraction, a consensus was reached by 
discussion. The following data were extracted: 
first author’s surname, publication date, ethnic-

Table 1. Scale for quality assessment
Criteria Score
Representativeness of cases

    Selected from case population with clearly defined sampling frame 2

    Selected from case population without clearly defined sampling frame or with extensive inclusion/exclusion criteria 1

    No method of selection described 0

Representativeness of controls

    Controls were drawn from the same sampling frame as cases 2

    Controls were drawn from a sampling frame different from cases 1

    Not described 0

Specimens of cases determining genotypes

    White blood cells or normal tissues 2

    Tumor tissues or exfoliated cells of tissue 1

    Not described 0

Hardy-Weinberg equilibrium in controls

    Hardy-Weinberg equilibrium 2

    Hardy-Weinberg disequilibrium 1

    No checking for Hardy-Weinberg equilibrium 0

Genotyping examination

    Genotyping done under ‘‘blinded’’ conditions 1

    Unblinded or not mentioned 0

Association assessment

    Assessed association between genotypes and breast cancer with appropriate statistics and adjustment for confounders 2

    Assessed association between genotypes and breast cancer with appropriate statistics without adjustment for confounders 1

    Inappropriate statistics used 0

Total
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ity, source of controls (hospital based [HB] or 
population based [PB]), genotyping method, 
total number of cases and controls, and geno-
type distribution among cases and controls

Quality score

To ensure the validity of the studies, we applied 
the criteria predefined by Thakkinstian et al.
[31] with some criteria modifications (Table 1). 
These scores were based on both traditional 
epidemiologic considerations and genetic 
issues. The important criteria shown in Table 1 
were assessed. Total scores ranged from 0 
(worst) to 11 (best). The average score of all 18 
studies is 8. A study scoring >7 was considered 
a relatively high-quality study; a score <8 was 
classified as a relatively low-quality study.

Statistical analyses

The association between +936C/T and breast 
cancer risk was assessed using the pooled  
ORs with 95% confidence intervals (CIs) [32]. 
OR for breast cancer risk associated with 
+936C/T was estimated for each study. The 
ORs were pooled for the additive model (T  
versus C), codominant model (TT versus CC, CT 
versus CC), dominant model (TT + CT versus 
CC), and recessive model (TT versus CT + CC). 
Heterogeneity was checked using the chi-

and quality score. Sensitivity analysis was per-
formed to assess the stability of the results by 
deleting a single study to reflect the influence of 
an individual dataset on the pooled ORs. 
Publication bias was estimated using the 
Egger’s test (P>.05 indicated no significant 
publication bias). All statistical analyses were 
performed using STATA version 12.0.

Result

Study characteristics

As showed in Figure 1, 16 articles meeting the 
selection criteria were included in this meta-
analysis comprising 10,694 cases and 11,199 
controls. Jin er al. [16] performed three inde-
pendent case-control studies-Germany popula-
tion study, a Poland population study, and a 
Sweden population study-so there are 18 stud-
ies in total.

Of all 18 studies, 13 were on Caucasians, 4 
were on Asians, and 1 was on a mixed popula-
tion. Restriction fragment length polymorphism 
(RFLP) genotyping methods were used in nine 
studies and TaqMan methods were used in the 
other nine studies. Seven studies had a rela-
tively low-quality score (score <8); 11 studies 
had a relatively high-quality score (score >7). 
The number of carriers of CC, CT, and TT in the 

Figure 1. Flow diagram of included studies.

squared-based Q-test (P>.05 
indicated a lack of hetero- 
geneity) and quantified by 
I-square statistics (I-square 
<25%, no heterogeneity; I- 
square = 25-50%, medium 
heterogeneity; I-square = 50- 
75%, high heterogeneity; I- 
square >75%, extreme he- 
terogeneity) [33]. A fixed-
effects model (the Mantel-
Haenszel method) was used 
when no heterogeneity exist-
ed; otherwise, the random-
effects model (Der-Simonian 
and Larid method) was used 
[34]. Hardy-Weinberg equilib-
rium (HWE) analysis was per-
formed for the control group 
of each study and P>.05 indi-
cated that the control group 
was consistent with HWE. 
Subgroup analyses were per-
formed according to ethnicity 
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cases and controls in each study were available 
so that the additive model (T versus C alleles), 

1.002, P = .000; recessive model: OR = 0.918, 
95% CI = 0.745-1.132, P = .251; TT versus CC: 

Table 2. Characteristics of studies included in the meta-analysis
Author Publication data Ethnicity Genotyping Control source Cases/control Score
Kripple et al. 2003 Caucasian RFLP PB 500/500 8
Jin et al. 2005 Caucasian RFLP PB 412/422 7
Jin et al. 2005 Caucasian RFLP PB 153/163 7
Jin et al. 2005 Caucasian TaqMan PB 924/934 7
Jacobs et al. 2006 Caucasian TaqMan PB 488/479 11
Kataoka et al. 2006 Asian RFLP PB 1109/1195 7
Balasubramanian et al. 2007 Caucasian TaqMan PB 848/708 8
Pharoah et al. 2007 Caucasian TaqMan PB 2016/2107 7
Eroglu et al. 2008 Caucasian TaqMan PB 60/60 6
Langsenlehner et al. 2008 Caucasian TaqMan PB 804/804 9
Jakubowska et al. 2009 Caucasian TaqMan PB 1015/1073 9
Lin et al. 2009 Asian RFLP HB 220/334 8
Oliveira et al. 2011 Mixed RFLP PB 235/235 7
Rodriques et al. 2012 Caucasian TaqMan PB 447/442 8
Absenger et al. 2013 Caucasian RFLP PB 521/801 10
Luo et al. 2013 Asian RFLP HB 680/680 10
Kapahi et al. 2014 Asian RFLP PB 192/192 9
Rahoui et al. 2014 Moroccan TaqMan PB 70/70 8
Notes: PB, population-based; HB, hospital based; RFLP, restriction fragment length polymorphism; TaqMan, real-time TaqMan 
analysis. 

Table 3. Genotype distribution of vascular endothelial growth factor 
(VEGF) +936C/T polymorphisms used in this study

Author Sample size 
(case/control)

Case  
(genotype )

Control  
(genotype )

CC CT TT CC CT TT
Kripple et al. 500/500 412 79 9 353 137 10
Jin et al. 412/422 298 100 14 297 114 11
Jin et al. 153/163 120 31 2 128 31 4
Jin et al. 924/934 708 204 12 720 203 11
Jacobs et al. 488/479 360 122 6 353 118 8
Kataoka et al. 1109/1195 744 334 31 793 351 51
Balasubramanian et al. 848/708 624 204 20 531 165 12
Pharoah et al. 2016/2107 1509 468 39 1576 495 36
Eroglu et al. 60/60 44 16 0 57 3 0
Langsenlehner et al. 804/804 588 199 17 581 205 18
Jakubowska et al. 1015/1073 731 252 32 750 293 30
Lin et al. 220/334 155 59 6 211 117 6
Oliveira et al. 235/235 190 43 2 176 52 7
Rodriques et al. 447/442 366 76 5 332 99 11
Absenger et al. 521/801 371 138 12 580 201 20
Luo et al. 680/680 446 210 24 426 204 50
Kapahi et al. 192/192 155 36 1 171 20 1
Rahoui et al. 70/70 61 9 0 62 8 0

codominant model (TT ver-
sus CC, CT versus CC), 
dominant model (TT + CT 
versus CC), and recessive 
model (TT versus CT + CC) 
could be checked sepa-
rately. Table 2 shows the 
studies included and their 
characteristics. Table 3 
shows the genotype distri-
bution of +936C/T used in 
this study.

Meta analysis results

No significant associ- 
ation was found between 
+936C/T polymorphism 
and breast cancer risk in 
any of the five genetic 
models when all eligible 
studies were pooled into 
the analysis (additive mo- 
del: OR = 0.902, 95% CI = 
0.812-1.001, P = .001; 
dominant model: OR = 
0.891, 95% CI = 0.791-
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Table 4. Results of meta-analysis for overall population, Caucasian population, and Asian population
Genetic model Recessive model Dominant model Homozygote Heterozygote Additive model

VEGF +936C/T polymorphism
TT vs. CT + CC TT + CT vs. CC TT vs. CC CT vs. CC T vs. C

OR (95% CI) Ph I2 OR (95% CI) Ph I2 OR (95% CI) Ph I2 OR (95% CI) Ph I2 OR (95% CI) Ph I2

Overall population 0.864  
(0.703-1.063)

0.251 17.7 0.926  
(0.833, 1.031)

0.000 60.9 0.850  
(0.692, 1.043)

0.268 0.0 0.937  
(0.840, 1.046)

0.000 60.7 0.926  
(0.843, 1.017)

0.010 59.9

Caucasian 1.033  
(0.831-1.28)

0.890 0.0 0.931  
(0.818, 1.059)

0.001 64.0 1.013  
(0.841, 1.261)

0.853 10.0 0.929  
(0.841, 1.060)

0.002 63.4 0.942  
(0.843, 1.052)

0.020 61.0

Asian 0.626  
(0.417-0.940)

0.251 17.7 0.707  
(0.456, 1.096)

0.004 65.0 0.608  
(0.424, 0.871)

0.343 0.0 1.008  
(0.776, 1.308)

0.028 67.2 0.927  
(0.755, 1.138)

0.050 62.8

Notes: OR, odd ratio; CI, confidence interval; VEGF, vascular endothelial growth factor.
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Figure 2. Forest plot of odds ratios (ORs) with a 95% confidence interval (CI) 
for the dominant model for all ethnic populations and the Caucasian popula-
tion (random effect). The center of each square represents the OR, the area 
of the square is the number of samples and thus the weight used in the 
meta-analysis, and the horizontal line indicates the 95% CI. 

OR = 0.902, 95% CI = 0.731-
1.112, P = .268; CT versus 
CC: OR = 0.895, 95% CI = 
0.794-1.009, P = .000). Sub- 
group analysis was then con-
ducted. When stratified by 
quality score, no significant 
association was found be- 
tween the relatively low-quali-
ty group (score <8) and rela-
tively high-quality group (score 
>7). In addition, ethnic sub-
group analysis revealed that 
no significant association 
existed in the Caucasian pop-
ulation in any of the five ge- 
netic models; however, the 
results showed that +936C/T 
is associated with a reduced 
risk of breast cancer risk in 
the Asian population group 
(recessive model: OR = 0.626, 
95% CI = 0.417-0.940, P = 
.245; TT versus CC: OR = 
0.608, 95% CI = 0.421-0.871, 
P = .345). Those among the 
Asian population who were 
carriers of the TT genotype 
had a breast cancer risk lower 
than those who carried the CT 
and CC genotype. Table 4 
shows the results of the  
meta-analysis for the overall 
population, the Caucasian 
population, and the Asian pop-
ulation. Figures 2-4, respec-
tively, show the forest plot of 
ORs for the dominant, reces-
sive, and homozygote models 
(TT versus CC) for the overall 
population and the Caucasian 
population

Test of heterogeneity and sen-
sitivity analyses

For the overall population, 
although no heterogeneity 
was found in the recessive 
model (P = .251, I-square = 
17.7%) and homozygote mo- 
del (TT versus CC) (P = .268, 
I-square = 16.2%), significant 
heterogeneity was found in 
the dominant model (P = .000, 

Figure 3. Forest plot of odds ratios (ORs) with a 95% confidence interval (CI) 
for the recessive model for all ethnic populations and the Caucasian popula-
tion (fixed effect). The center of each square represents the OR, the area of 
the square is the number of samples and thus the weight used in the meta-
analysis, and the horizontal line indicates the 95% CI.
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I-square = 60.9%), additive model (P = .001, 
I-square = 59.9%), and heterozygote model (CT 
versus CC) P = .000, I-square = 60.7%). To test 
the source of heterogeneity for the three genet-
ic models, we assessed the P and I-square 
value changes by stratification and sensitivity 
analyses. In the stratification analyses, ethnici-
ty might not have contributed to the source of 
heterogeneity because the Caucasian sub-
group showed higher I-square values for all 
three genetic models. Genotyping methods 
might not have contributed to heterogeneity 
because the RFLP subgroup also showed high-
er I-square values for all three genetic models. 
The control source also did not contribute to 
the source of heterogeneity, with higher 
I-square values found in the PB group in all 
three models. Sensitivity analysis was then per-
formed. We found that the study by Kripple et 
al. [15] contributed to substantial heterogene-
ity in our study. P>.05 and I-square values of 
the dominant and heterozygote models were 
significantly reduced once we deleted this 
study (dominant model: P = .057, I-square = 
38.7%; CT versus CC: P = .076, I-square = 
35.2%). We then checked the change in OR val-

Publication bias 

We used both the Begg’s funnel plot and 
Egger’s test to test publication bias. The shape 
of the funnel plot did not reveal any obvious 
asymmetric conditions for any genetic models 
(figures not shown). We then conducted an 
Egger’s test to provide statistical evidence of 
funnel plot symmetry (P = .688 for the additive 
model; P = .672 for the dominant model; P = 
.884 for the recessive model; P = .632 for the 
heterozygote model; P = .769 for the homozy-
gote model). The results suggested that no 
publication bias existed.

Discussion

Angiogenesis is critical in tumor development. 
Plasma VEGF levels contribute substantially to 
angiogenesis through several mechanisms, 
such as having a positive effect on endothelial 
cell proliferation and survival [9]; therefore, 
these levels might have a significant impact on 
tumor growth, invasion, and metastasis. In 
breast cancer, the expression of VEGF corre-
lates well with decreased overall survival and a 
decreased disease-free survival prognosis [6, 

Figure 4. Forest plot of odds ratios (ORs) with a 95% confidence interval (CI) 
for the homozygote model for all ethnic populations, the Caucasian popu-
lation, and the Asian population (fixed effect). The center of each square 
represents the OR, the area of the square is the number of samples and 
thus the weight used in the meta-analysis, and the horizontal line indicates 
the 95% CI.

ues for the dominant and 
homozygote models after we 
deleted the Kripple study [15] 
and the results showed that 
there was eventually no effect 
on the pooled ORs for the two 
models (dominant model: OR 
= 0.973, 95% CI = 0.931-
1.017; CT versus CC: OR = 
0.981, 95% CI = 0.936-1.028). 
The influence of an individual 
study on the pooled ORs was 
assessed by sequential dele-
tion of single study. The results 
showed that most studies  
did not affect ORs; however, 
deletion of the Pharoah study 
[20] altered the association 
between the polymorphism 
and cancer risk (recessive 
model: OR = 0.817, 95% CI = 
0.672-0.992; TT versus CC: 
OR = 0.803, 95% CI = 0.661-
0.977). Considering that the 
95% CIs were very close to 
1.0, our results were still sta-
tistically valid.
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7]. A study by Linderholm [36] investigated 833 
breast cancer patients and found that higher 
VEGF expressions (VEGF >1.75 pg VEGF/μg 
DNA) are correlated with lower overall survival 
(relative risk [RR] = 2.227, P<.001) and lower 
recurrence-free survival time (RR = 1.64, P = 
.0006). Studies also showed that VEGF plays 
an important role in breast cancer stem cells, 
thus promoting breast cancer progression [8]; 
therefore, plasma VEGF levels might be im- 
portant for the initiation of breast cancer 
carcinogenesis. 

The VEGF +936C/T polymorphism might influ-
ence plasma VEGF levels. Some studies report-
ed that the change from C to T is associated 
with lower plasma VEGF levels. Two possible 
mechanisms can explain this phenomenon. 
One is that the change from C to T results in the 
loss of a potential binding site for AP-4. AP-4 is 
a helix-loop-helix transcription factor that can 
positively increase VEGF expression by binding 
to a specific enhancer site [14]. The second is 
that the change from C to T might result in link-
age disequilibrium between this mutation and 
other unknown functional mutations elsewhere 
in the VEGF gene [14]. Thus, it can be inferred 
that the change from C to T might decrease 
breast cancer susceptibility; however, the 
results of recent studies were inconsistent. For 
example, the studies by Kripple et al. [15], 
Jakubowska et al. [23], and Rodriques et al. 
[26] reported that carriers of the T nucleobase 
might have a decreased risk of breast cancer, 
while other studies, such as those by Jin et al. 
[16], Jacobs et al. [17], and Kataoka et al. [18], 
found no such association. This meta-analysis 
was conducted to reach a comprehensive con-
clusion on the association between +936C/T 
and breast cancer risk.

A recent meta-analysis by Yan et al. [37] report-
ed that +936C/T is significantly associated 
with breast cancer risk; our meta-analysis is an 
updated version of that study with six new arti-
cles added [20-23, 29, 30] and omitted the 
study by Jakubowska et al. [36] because of 
overlapping data. Our results were contrary to 
those of the previous studies-no significant 
association was found between +936C/T and 
breast cancer susceptibility in the additive 
model, dominant model, recessive model, or 
codominant model in the overall population. 
These results did not change when the studies 

were stratified by quality score. To address 
whether the association would vary among dif-
ferent ethnicities, an ethnical subgroup analy-
sis was performed and a recessive model and 
homozygote model revealed that reduced 
breast cancer risk was associated with 
+936C/T in the Asian group, indicating that car-
riers of the TT genotype have a lower risk of 
breast cancer than carriers of the CT and TT 
genotypes; however, no significant association 
was found among Caucasians in any of the five 
genetic models. The negative results might be 
partly explained by the fact that an association 
might vary among breast cancers with different 
histological types and clinical stages. The study 
by Jacobs et al. [17] reported that +936C/T is 
associated with a reduced risk only in in situ 
breast cancer. In invasive breast cancer, this 
association was not observed; however, 
because the data from that study were limited, 
a subgroup analysis concerning different histo-
logical types and clinical stages could not be 
conducted.

Heterogeneity is an important index that indi-
cates the quality of the included studies. 
Significant heterogeneity was found for the 
additive, dominant, and heterozygote models. 
To find the source of heterogeneity, we conduct-
ed stratification and sensitivity analyses and 
found the study by Kripple et al. [15] contribute 
a lot to hetrogenity. Once we deleted the study 
by Kripple et al. [15], P and I-square values 
showed that heterogeneity disappeared in the 
dominant and heterozygote models, and that 
the pooled ORs for the dominant and homozy-
gote models still indicated no association 
between +936C/T and breast cancer risk. 
Sequential removal of 18 studies did not mate-
rially change the pooled ORs; therefore, our 
results are statistically stable and valid. 

However, some limitations of this meta-analy-
sis are worth mentioning. First, the number of 
included studies was not large enough, espe-
cially for the ethnicity subgroup analysis. 
Second, inadequate data prevented further 
estimations of the potential interaction 
between +936C/T and breast cancer risk, such 
as gene-gene interaction. Third, the pooled ORs 
were not adjusted for age, estrogen levels, 
smoking conditions, histologic patterns of 
breast cancer, and other factors because of the 
lack of data on individual patients. Fourth, only 
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published studies were included in this meta-
analysis; therefore, publication bias might exist, 
although Begger’s funnel plot and Egger’s test 
revealed no publication bias.

In conclusion, this meta-analysis suggested 
that Our findings suggested that +936C/T is 
not associated with breast cancer risk but may 
reduce the risk in the Asian population. 
However, larger samples and well-designed 
studies are necessary using a standardized 
genotyping method and adjusting for breast 
cancer patient histologic types, TNM stage, and 
clinical grade. Such studies might result in a 
more comprehensive and accurate understand-
ing between +936C/T and breast cancer 
susceptibility.
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