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ORIGINAL ARTICLE

Diabetic retinopathy progression associated with haplotypes of two 
VEGFA SNPs rs2010963 and rs699947
Haider Ali Alnaji a,b, Rabab Omranb, Aizhar H. Hasanb and Mohammed Qasim Al Nuwainic

aMedical Laboratory Technology Department, College of Medical Technology, the Islamic University, Najaf, Iraq; bBiology 
Department, College of Science, Babylon University, Babylon, Iraq; cSurgery Department, College of Medicine, Jaber Ibn 
Hayan University, Najaf, Iraq

ABSTRACT
Diabetes-related retinopathy (DR) is one of the sight-threatening diseases. The 
present case–control study screened 134 patients with type 2 diabetes and 36 
healthy ones without diabetes. The genotyping of SNPs rs2010963 and rs699947 
of the VEGF gene were done by tetra primers ARMS-PCR. The mutant GG 
genotype of rs2010963 was significantly associated with DR (OR = 10.29; 95% 
CI = 2.20–59.06; p = 0.004). No significant associations existed between patients 
with DR and those with NDR or controls in the genotype or allele frequencies of 
rs699947 polymorphism. The haplotype analysis for rs2010963 and rs699947 
shows the CG haplotype was significantly different between DR and NDR OR 2.0 
(95% CI:1.02–3.93), p = 0.043. and between DR and control OR 2.42 (95% CI: 1.2– 
4.65), p = 0.0108. The two SNPs showed moderate Linkage disequilibrium (LD) 
between DR and control, D’ = 0.64 also, moderate LD between DR cases and 
NDR, D’ = 0.75. No significant importance for rs699947 SNP with diabetic retino-
pathy. The 2010963 SNP in the VEGF gene is associated with the risk of NPDR and 
PDR. The findings also suggest a moderate LD in the two SNPs and their CG 
haplotype associated with DR progression.                     
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Introduction

Diabetes mellitus is a widespread disease asso-
ciated with high morbidity rates [1,2]. Diabetes 
results in various consequences, classified as 
macrovascular (in a large blood vessel) pro-
blems, such as heart disease and stroke, and 
microvascular (in a small blood vessel) diseases, 
such as kidney disease. Diabetic retinopathy 
(DR), a microvascular complication of diabetes, 
is the leading cause of vision loss among the 
general population in different countries, nota-
bly among the working-age population and the 
elderly [3,4]. The disease of DR occurs due to 
damage to the retina as a consequence of 

diabetic mellitus complications that lead to per-
manent damage to the eyes and sometimes 
even vision loss [5]. About 415 million individuals 
across the globe were diagnosed with diabetes 
in 2015, with estimates indicating that the num-
ber would increase to 642 million by the year 
2040 [6]. Due to the rise in the number of indi-
viduals with diabetes and the increased duration 
of the disease, diabetic retinopathy, and eye 
disease are growing globally [7,8].

Diabetic Retinopathy (DR) is a leading cause 
of blindness. DR mutilates a diabetic patient’s 
retinal blood vessels. The DR is classified into 
two main subtypes: non-proliferative diabetic 
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retinopathy disease (NPDR) and proliferative 
diabetic retinopathy disease (PDR) [9]. During 
the early stages, the disease is known as NPDR, 
which is classified into three subcategories: 
mild, moderate, and severe. One microaneur-
ysm (MA), a tiny red dot on the terminal of 
blood vessels, is seen in the mild stage. The 
MAs ascend to a deeper layer of the retina in 
the Moderate stage and create a flame-shaped 
hemorrhage. The severe stage is characterized 
by more than 20 intraretinal hemorrhages in 
each of the four quadrants, with obvious 
venous bleeding and significant intraretinal 
microvascular changes in the affected retina. 
When DR progresses to the advanced stage of 
the disease, it results in neovascularization, the 
natural development of new blood vessels in 
the form of functioning microvascular networks 
that grow on the surface of the retina, and the 
disease known as PDR [10].

The VEGF (VEGF) gene is located on chromo-
some 6 p 21.1. About 4 kb, the size of its coding 
region. The VEGF gene has eight exons that 
may be combined in different ways to produce 
a wide variety of mRNAs via alternative splicing. 
This gene’s polymorphism exceeds the 150 
SNPs in exons or promoters [11]. These SNPs 
are primarily clustered in the VEGF gene’s pro-
moter and 5’-UTR [12]. The 5’-UTR has many 
different binding sites for transcription factors, 
and the polymorphisms in this region cause 
gene expression changes [13]. This study 
aimed to investigate whether DR patients had 
an association with genotypes of two SNPs in 
the VEGF gene and whether a specific set of 
variants of these SNPs inherited together.

Methods

Subject. Recruit 134 patients with diabetes and 
36 healthy controls in a case–control study. The 
ophthalmologist evaluated the patient’s eyes, 
sought the presence of any signs of DR, and 
grouped them into 64 subjects with NPDR, 39 
subjects with PDR, and 31 diabetic patients with-
out retinopathy (NDR). The sociodemographic 

characteristics of patients were presented in 
our previous study [14].

Selection criteria. Participants included those 
18 years or older with a medical history consis-
tent with type 2 diabetes under the criteria of 
the World Health Organization in its 2019 cate-
gorization standards [15]. One or two eyes with 
any signs of the DR were included. Individuals 
affected by inflammatory retinal disorders 
(uveitis, retinal vasculitis) and all type 1 diabetes 
were excluded. Eight samples were excluded 
from statistical analysis because they did not 
give any variation; it is suspected they showed 
genotypes differently for rs2010963 (C > T 
instead of C > G).

Genotyping. Genomic DNA was extracted 
from whole blood in EDTA tubes using 
G-spin™ Total DNA Extraction Mini Kit (iNtRON 
Biotechnology, Korea) and stored at −20°C in 
the biotechnology laboratory of Babylon 
University until the genotyping. The genotyp-
ing of the SNPs in the study were tetra primers 
ARMS-PCR technique. In brief, the outer primers 
of rs2010963 and rs699947 SNPs generate the 
confirmative amplicon for the 5’ UTR and pro-
moter region where the SNPs resides. The inner 
reverse primers were designed for the mutant 
allele by mismatching the 3’ end of the primer. 
Also, the third nucleotide of the 3’ end was 
mismatched to increase the specificity. The 
PCR steps were as follows: 40 cycles of dena-
turation at 95°C for 35 s and annealing at 65°C 
decreased gradually every cycle to reach the 
lowest annealing at 58°C for 40 s and 72°C for 
extension and final extension for 40 s and 7 min 
respectively. The PCR cycles are preceded by 
initial denaturation at 95°C for 2 min for activa-
tion. Followed by agarose gel electrophoresis 
(2% and 75 V) for 1 hour. The SNPgen® tool was 
used to design rs2010963 primers, whereas 
rs699947 primers were obtained from an Elfaki 
et al. study [16], as shown in Table 1.

Statistical analysis. The SPSS version 26.0 for 
Windows was used (Chicago, IL, USA). Genotype 
and allele frequency of VEGF polymorphisms 
were compared between the control group 
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and the case groups using the Chi-square test 
[17]. The binary and multinominal logistics were 
used to estimate the risk allele and genotype 
associated with DR, NPDR, and PDR. The haplo-
view 4.2 (Broad Institute) program was used to 
calculate the haplotype frequencies of the VEGF 
rs2010963 and rs699947 SNPs and to build link-
age disequilibrium (LD).

Results

The genotyping of rs2010963 and rs699947 
using the tetra primer-ARMS PCR. The bands 
were presented as follows the band of the 
C allele is 140 bp., and the G allele band is 177 
bp. The heterozygous (CG) is shown in the pre-
sence of the two bands (140 bp. and 177 bp.) 
Figure 1 for rs2010963. The bands of rs699947 
were presented as follows the band of the 
A allele is 243 bp. The C allele band is 149 bp. 
The heterozygous (AC) is shown in the presence 
of the two bands (149 bp. and 243 bp.) Figure 2.

The genotypic and allelic frequencies of 
rs2010963 in the healthy control (HC), NDR, 
and DR groups are detailed in Table 2. The 
genotype distribution of rs2010963 was in 

Hardy–Weinberg equilibrium (HWE) in the con-
trol group and cases groups using Yate’s correc-
tion (p-value ≥ 0.054). The Chi-square test 
results demonstrated that the frequencies of 
genotypes and alleles among study groups 
were statistically significant, with p-value = 0.027 
and 0.024, respectively. The results revealed 
that the heterozygote genotype (CG) has 
a higher frequency among all of the controls, 
NDR, NPDR, and PDR; the lowest frequency is 
for the CC genotype. The G Allele was a higher 
frequency in case groups; in contrast, the 
C allele was a higher frequency than the 
G allele in the control group (P = 0.024). The 
genotypic and allelic frequencies of rs699947 in 
the HC, NDR, and DR groups are detailed in 
Table 2. Neither the NPDR nor the PDR groups 
showed any significant differences in genotype 
or allele frequency for the rs699947 polymorph-
ism compared to the control or NDR groups. 
The C allele frequency among case groups was 
64.8% and 70.5%, whereas in the controls and 
NDR groups was 63.6% and 56.9%, respectively; 
thus, no significant differences were found 
between controls and cases regarding the 
C allele.

Table 1. Primers utilized in the detection of SNPs by the tetra primers ARMS–PCR.
SNP Primer direction Primer sequence* Allele Tm (°C) Ta (°C) Amplicon (bp)

rs2010963 FO CGACGGCTTGGGGAGATTGCTCTAC 71 58 273
RO GGCGGTGTCTGTCTGTCTGTCCGT 71
FI GCGTGCGAGCAGCGAATGC C 71 140
RI CAGGTCACTCACTTTGCCCCTGACC G 71 177

rs699947 † FO CCTTTTCCTCATAAGGGCCTTAG 65 58 353
RO AGGAAGCAGCTTGGAAAAATTC 65
FI TAGGCCAGACCCTGGCAA A 65 243
RI GTCTGATTATCCACCCAGATCG C 65 149

*The mismatches of the allele-specific primers are emphasized in bold †

primers are obtained from [16]. Abbreviations: FI: forward inner, FO: forward outer, RI: reverse inner, RO: reverse outer, SNP: 
single nucleotide polymorphisms, Ta: melting temperature, Ta annealing temperature.

Figure 1. Agarose gel electrophoresis for the tetra primer-ARMS PCR product for genotyping rs2010963 SNP. (75 V 
for 60 min, M: DNA marker 50–500 bp, 2% Agarose).
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The VEGF polymorphisms were selected for 
logistic regression analysis for the genetic asso-
ciation study. First; we made a binary logistic 
regression analysis of the comparison between 
control and DR subjects and NDR and DR sub-
jects; for rs2010963, the results revealed that 
the homozygous GG genotype of minor alleles 
was significantly associated with DR 
(OR = 10.29; 95% CI = 2.20–59.06; p = 0.004). 
No statistically significant association with DR 
for the heterozygous CG genotype (Table 3). 
The second is a multinomial logistic regression 
analysis between groups of DR (NPDR and PDR), 
which once compared with the controls and 
then for the NDR group. The analysis showed 
that minor alleles (GG) were also strongly asso-
ciated with NPDR and PDR (OR = 6.33; 95% 
CI = 1.20–33.39; p = 0.030) and (OR = 34; 95% 
CI = 2.9–392.94; p = 0.005) respectively 
(Tables 3 and 4). However, the heterozygous 

CG genotype was unrelated to NPDR or PDR 
state (Table 4). In contrast, for rs699947, the 
heterozygous AC and homozygous (AA & CC) 
genotypes in binary logistic regression and 
multinomial logistic regression were statistically 
insignificant in DR status, and subtypes of DR 
(NPDR & PDR) Tables 3 and 4, respectively.

Moreover, in the case of rs2010963, the GG 
genotype and recessive model (CC+CG vs. GG) 
frequencies were significantly higher in the DR 
compared with controls (OR = 0.10; 95% 
CI = 0.02–0.46; p = 0.002) and (OR = 5.63; 95% 
CI = 1.75–18.38; p = 0.003), respectively. 
Interestingly, when analyzing the association 
between groups of DR (NPDR and PDR) with 
controls and NDR, the dominant model (CC vs. 
CG+GG) was statistically significant only with 
PDR (OR = 8.44; 95% CI = 1.20–99.07; 
p = 0.026). In contrast, the recessive model (CC 
+CG vs. GG) was associated with NPDR and PDR 

Figure 2. Agarose gel electrophoresis of the tetra primer-ARMS PCR for genotyping rs699947 SNP (75 V for 60 min, 
M: DNA marker 50–500 bp, 2% Agarose).

Table 2. Distribution of Alleles and genotypes of rs2010963 and rs699947 between Controls, NDR, NPDR and PDR.
SNP Allele/ Genotype HC(%) NDR(%) NPDR(%) PDR(%) X2 df P-value

rs2010963 C 36(54.5) 24(41.4) 48(39.3) 23(29.5) 9.42 3 0.024
G 30(45.5) 34(58.6) 74(60.7) 55(70.5)
CC 6(18.2) 5(17.2) 6(9.8) 1(2.6) 14.3 6 0.027
CG 24(72.7) 14(48.3) 36(59.0) 21(53.8)
GG 3(9.1) 10(34.5) 19(31.1) 17(43.6)

HWE † 0.054 0.98 0.065 0.07
rs699947 A 24(36.4) 25(43.1) 43(35.2) 23(29.5) 2.72 3 0.437

C 42(63.6) 33(56.9) 79(64.8) 55(70.5)
AA 2(6.1) 6(20.7) 7(11.5) 4(10.3) 6.66 6 0.354
AC 20(60.6) 13(44.8) 29(47.5) 15(38.5)
CC 11(33.3) 10(34.5) 25(41.0) 20(51.3)

HWE † 0.075 0.64 0.75 0.64

Abbreviations df: Degrre of freedom, HC: Healthy control, HWE: Hardy–Weinberg equilibrium p-value. † if < 0.05 – not consistent with 
HWE, NDR: Non diabetic retinopathy, NPDR: Nonproliferative diabetic retinopathy, PDR: Proliferative diabetic retinopathy, SNP: single 
nucleotide polymorphisms, X2: Chi-square
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subjects (p = 0.016 and 0.001, respectively) 
(Tables 5 and 6). In contrast, for rs699947, the 
comparisons between DR status and subtypes 
of DR (NPDR & PDR) with controls regarding 
dominant, recessive, codominant, and hetero-
zygous models revealed similar results (p-value 
> 0.05) for all models Tables 5 and 6. Thus, our 
samples have no significant importance for this 
SNP with diabetic retinopathy.

Haplotype analysis and linkage disequili-
brium. The haplotype analysis results and the 
Linkage disequilibrium pattern (LD) between 
VEGF polymorphisms (rs2010963 and 

rs699947) are shown in Tables 7 and 8. and 
Figures 3 and 4, respectively. The predicted 
haplotypes with frequencies ≥0.03 were com-
pared between the DR, NDR, and control 
groups. The frequency of CG haplotype was 
statistically significant between DR and NDR 
(OR = 2.0; 95% CI = 1.02–3.93; p = 0.043), and 
also there were significant differences between 
DR and controls (OR = 2.42; 95% CI = 1.2–4.65; 
p = 0.0108). The CC haplotype appears to have 
significant differences between DR and control 
groups only (OR = 0.56; 95% CI = 0.33–0.99; 
p = 0.0479) (Tables 7 and 8). Pairwise LD 

Table 3. Binary Logistic Regression for rs2010963 & rs699947 SNP between Controls, NDR and DR.
SNP Genotype Control NDR DR OR(95%CI) P-value

rs2010963 CC 6 5 7 Reference
CG 24 14 57 2.04(0.60–6.76)a 0.242a

0.34(0.09–1.31)b 0.104b
GG 3 10 36 10.29(2.20–59.06)a 0.004a

0.39(0.10–1.55)b 0.169b
rs699947 AA 2 6 11 1.34(0.30–9.49)a 0.724a

2.45(0.71–8.2)b 0.145b
AC 20 13 44 0.54(0.23–1.23)a 0.150a

1.33(0.53–3.4)b 0.545b
CC 11 10 45 Reference

acomparison between controls and DR, b comparison between NDR and DR 
Abbreviations CI: confidence interval, DR: Diabetic retinopathy, NDR: Non diabetic retinopathy, OR: odds ratio, SNP: single nucleotide 

polymorphisms.

Table 4. Multinomial Logistic Regression for rs2010963 & rs699947 SNP between 
Controls, NDR, NPDR and PDR.

Gene SNP Genotype OR(95%CI) P-value

VEGF rs2010963 CC Reference
CG 1.50(0.43–5.20)a 0.523a

5.25(0.58–47.22)b 0.139b
2.14(0.56–8.17)c 0.264c

7.50(0.79–71.23)d 0.079d
GG 6.33(1.20–33.39)a 0.030a

34(2.9–392.94)b 0.005b
1.58(0.39–8.16)c 0.524c

8.50(0.87–83.49)d 0.066d
rs699947 AA 1.54(0.275–8.64)a 0.624a

1.10(0.173–6.99)b 0.920b
0.47(0.13–1.74)c 0.256c

0.33(0.076–1.46)d 0.144d
AC 0.64(0.257–1.58)a 0.333a

0.41(0.15–1.12)b 0.081b
0.89(0.33–2.38)c 0.820c
0.58(0.19–1.67)d 0.310d

CC Reference
acomparison between controls and NPDR, b comparison between controls and PDR, c comparison 

between NDR and NPDR, d comparison between NDR and PDR. Abbreviations CI: confidence interval, 
OR: odds ratio, SNP: single nucleotide polymorphisms.
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parameter D’ was 0.75 with r2 = 0.17 for DR and 
NDR groups. In contrast, D’ was 0.64 with 
r2 = 0.14 for DR and control groups. The find-
ings suggest a moderate LD in two SNPs 
(rs2010963 and rs699947).

Discussion

In this study, we looked at the possibility that 
VEGF polymorphisms are linked to the exis-
tence of DR in a well-defined group of Iraqi 
patients with type 2 diabetes. VEGF serves as 
the primary regulator in both normal and 
abnormal vascular development. It has the 
potential to enhance retinal vascular perme-
ability, destroy the blood-retinal barrier, and 
generate new blood vessels in DR, all of which 
are directly linked to the emergence and pro-
gression of the disease [18]. The VEGF poly-
morphism (rs2010963) was the one that 
received the most attention from researchers. 
Previous studies have demonstrated that 
rs2010963 is one of many SNPs associated 

with increased or decreased VEGF protein 
synthesis and may alter protein conformation 
[19]. We’ve already shown solid evidence link-
ing VEGF SNP rs2010963 to DR severity or exis-
tence. The rs2010963 locate on 5’ UTR of the 
VEGF gene; in the 5ʹUTR of the VEGF gene, the 
G + C content (up to 83%) upstream of the 
transcription start point is relatively high. The 
5’-untranslated region of the VEGF gene (5ʹUTR) 
plays a key part in VEGF production. Change in 
the sequence of this region is thought to be 
linked to alterations in protein expression of the 
VEGF gene, which in turn may increase the risk 
of developing retinopathy [20,21] as well as 
NPDR in the Asian population [22]. Yang et al. 
concluded that rs2010963 was a risk factor for 
PDR in most groups but not Caucasians, where 
no link was found between rs2010963 and PDR 
development [23]. According to our findings, 
those with the GG genotype had a higher prob-
ability of developing PDR than those with the 
CC genotype. Compared with other studies, CG 
lowered the risk of PDR [24]. On the other hand, 

Table 5. Association of Different Genetic Models for rs2010963 & rs699947 SNP between Controls, NDR, and DR.
SNP Genotype Control NDR DR OR(95%CI) P-value

rs2010963 Dominant
CC 6 5 7 2.95(0.86–8.91)a 

2.77(0.89–9.05)b
0.061a 
0.095bGG+CG 27 24 93

Recessive
CG+CC 30 19 64 5.63(1.75–18.38)a 

1.07(0.46–2.58)b
0.003a 
0.881bGG 3 10 36

Codominant
CG 24 14 57 2.01(0.83–4.74)a 

0.70(0.31–1.59)b
0.108a 
0.406bGG+CC 9 15 43

Homozygotic model
GG 3 10 36 0.10(0.02–0.46)a 

0.39(0.11–1.45)b
0.002a 
0.160bCC 6 5 7

rs699947 Dominant
AA 2 6 11 0.52(0.111–2.43)a 

2.11(0.68–5.91)b
0.407a 
0.174bAC+CC 31 23 89

Recessive
AC+AA 22 19 55 1.64(0.71–3.56)a 

1.56(0.68–3.71)b
0.239a 
0.313bCC 11 10 45

Codominant
AC 20 13 44 1.96(0.87–4.41)a 

1.03(0.44–2.32)b
0.098a 
0.937bAA+CC 13 16 56

Homozygotic model
CC 11 10 45 1.34(0.27–6.76)a 

0.41(0.13–1.52)b
0.724a 
0.138bAA 2 6 11

acomparison between controls and DR, b comparison between NDR and DR. 
Abbreviations CI: confidence interval, DR: Diabetic retinopathy, NDR: Non diabetic retinopathy, OR: odds ratio, SNP: single nucleotide 

polymorphisms.
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a study by Fan showed that gene polymorph-
isms such

as rs2010963 have been strongly linked with 
Recent meta-analysis findings indicated that 
rs2010963 was associated with PDR in the 

overall population VEGF protein in the blood 
[25]. The VEGF protein is a potent angiogenic 
agent in various diseases. It has been estab-
lished that elevated serum and vitreous levels 
of VEGF in the presence of retinopathy are 

Table 6. Association of Different Genetic Models for rs2010963 & rs699947 SNP between Controls, NDR, NPDR, and 
PDR.

SNP Genotype HC NDR NPDR PDR OR(95%CI) P-value

rs2010963 Dominant
CC 6 5 6 1 2.04(0.56–7.47)a 0.247a

8.44(1.20–99.07)b 0.026b
0.50(0.20–1.80)c 0.30c

GG+CG 27 24 55 38 0.13(0.01–1.1)d 0.035d
Recessive
CG+CC 30 19 42 22 4.52(1.22–15.31)a 0.016a

7.73(2.15–26.61)b 0.001b
1.2(0.5–2.95)c 0.75c

GG 3 10 19 17 0.68(0.3–1.9)d 0.45d
Codominant
CG 24 14 36 21 1.85(0.73–4.35)a 0.187a

2.29(0.86–6.07)b 0.099b
1.50(0.60–3.60)c 0.34c

GG+CC 9 15 25 18 1.25(0.50–3.40)d 0.65d
Homozygotic model
GG 3 10 19 17 0.16(0.04–0.82)a 0.022a

0.03(0.002–0.29)b 0.001b
1.60(0.38–5.90)c 0.52c

CC 6 5 6 1 8.5(1.12–104.9)d 0.04d
rs699947 Dominant

AA 2 6 7 4 0.49(0.10–2.55)a 0.394a
0.56(0.10–2.58)b 0.521b
2.0(0.563–6.35)c 0.245c

AC+CC 31 23 54 35 2.28(0.63–7.70)d 0.229d
Recessive
AC+AA 22 19 36 19 1.39(0.57–3.36)a 0.466a

2.11(0.84–5.21)b 0.125b
1.32(0/51-3.51)c 0.554c

CC 11 10 25 20 2.0(0.75–5.15)d 0.168d
Codominant
AC 20 13 29 15 1.69(0.73–3.79)a 0.226a

2.46(0.99–6.68)b 0.061b
0.89(0.38–2.26)c 0.81c

AA+CC 13 16 32 24 1.30(0.476–3.56)d 0.598d
Homozygotic model
CC 11 10 25 20 1.54(0.32–8.19)a 0.622a

1.10(0.21–6.49)b 0.920b
0.47(0.129–1.61)c 0.251c

AA 2 6 7 4 0.33(0.09–1.32)d 0.136d
acomparison between controls and NPDR, b comparison between controls and PDR, c comparison between NDR and NPDR, d: 

comparison between NDR and PDR. Abbreviations: Non diabetic retinopathy, NPDR: Nonproliferative diabetic retinopathy, PDR: 
Proliferative diabetic retinopathy, SNP: single nucleotide polymorphisms, X2: Chi-square

Table 7. Haplotyping of rs2010963 and rs699947 of VEGF among DR and NDR.
Haplotype Frequency NDR DR OR(95%CI) X2 p-value

C-C 0.34 0.366 0.327 0.85(0.46–1.58) 0.30 0.581
A-G 0.32 0.383 0.302 0.70(0.38–1.29) 1.36 0.244
C-G 0.311 0.203 0.343 2.0(1.02–3.93) 4.10 0.043
A-C 0.03 0.048 0.028 0.56(0.15–2.13) 0.57 0.449

Abbreviations CI: confidence interval, DR: Diabetic retinopathy, NDR: Non diabetic retinopathy, OR: odds ratio, X2: Chi-square.

EGYPTIAN JOURNAL OF BASIC AND APPLIED SCIENCES 129



closely associated with proliferative diabetic 
retinopathy [26]. A study from Egypt explored 
the association between rs699947 SNP and the 
susceptibility of DR, and it found no significant 
association between them. This result is consis-
tent with our findings [27]. Different studies 
also revealed no association between the pre-
sence of rs699947 SNP and the risk of DR [28]. In 
a previous meta-analysis, the rs699947 in Asian 
individuals with type 2 diabetes are more likely 
to be associated with DR but not in white peo-
ple [29]. While a meta-analysis from China 
recognizes the reverse association that 
rs699947 polymorphism is strongly connected 
with DR after adjusting for outliers, rs2010963 
polymorphism may not be linked to DR [30]. 
Different meta-analyses on rs2010963; one 
revealed an association while the other did 
not [31,32].

In contrast, many others showed a positive 
association of rs699947 SNP with the suscept-
ibility of DR [12,13,33]. A recent meta-analysis 
demonstrated that rs699947 might be impli-
cated in the emergence and progression of DR 
[22]. Numerous studies have discovered an asso-
ciation between various genetic polymorphisms 
and DR, whereas others have failed to do so [34]. 
This outcome discrepancy might be due to 
a sample size disparity and clinical or methodo-
logical heterogeneity, and sampling of allele 
inheritance but not genotype. The degree of 
heterogeneity is likely influenced by several fac-
tors, including ethnicity, environmental factors, 
and social relationships that govern the cross- 
mating between families. Also, it might be that 
these polymorphisms convey sex depending on 
where there are different proportions of males/ 
females in various studies; the discrepancy 

Table 8. Haplotyping of rs2010963 and rs699947 of VEGF among DR and control.
Haplotype Frequency DR Controls OR(95%CI) X2 p-value

C-C 0.354 0.454 0.321 0.56(0.33–0.99) 3.852 0.0497
A-G 0.29 0.273 0.296 1.12(0.61–2.04) 0.134 0.7145
C-G 0.307 0.182 0.349 2.42(1.2–4.65) 6.491 0.0108
A-C 0.048 0.091 0.034 0.36(0.13–1.15) 3.552 0.0595

Abbreviations: CI: confidence interval, DR: Diabetic retinopathy, OR: odds ratio, X2: Chi-square.

Figure 3. Linkage disequilibrium (LD) of rs2010963 and rs699947 SNPs in DR and NDR.(a)The pairwise LD between 
SNPs, using D’ (red color) value, (b)The pairwise LD between SNPs, using r2 (gray color) value, LD is represented by 
D’ or r2 multiplied by 100.
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occurs. Howover the two SNPs (rs699947 & 
rs2010963) among DR patinets revealed no asso-
ciation with gender, and since majority of 
included studies did not report the association 
of the genotypes of the rs699947 & rs2010963 
SNPs with gender, we are unable to perform the 
further analysis. Only few studies found that sex 
may a risk factor for DR, but not polymorphisms 
[35,36]. Yet we drew in our account 
a conception; the two SNPs (rs699947 & 
rs2010963) among NPDR and PDR need to be 
studied further to identify the link between 
the two.

The findings suggest a moderate LD in two 
SNPs (rs2010963 and rs699947). The rs699947, 
as mentioned early in the study, it was observed 
to have no significant association with DR; how-
ever, the C allele shared with the G allele of 
rs2010963; both alleles are minor alleles 
(mutant) and contributed significantly >2 folds 
to DR progression. Thus, it is valuable to mea-
sure the LD, which confers a piece of more 
information if statistical genetics fails to find 
an association. LD occur when nonrandom 

gametic alleles are associated at various loci in 
a population [37]. The haplotype has an effect 
that differs from genotypes on disease, and the 
locus is still of clinical importance even though 
there is no link between genotype and clinical 
condition [38]. The VEGF gene SNPs located at 
the promoter region and 5’ UTR and

the presence of the CG haplotype associa-
tion confer upregulation or downregulation of 
VEGF expression, eventually leads worsen nor-
mal vision. A recent study shows different hap-
lotypes (CD) from rs699947 and rs35569394 
polymorphisms have a non-significant associa-
tion with DR. Simultaneously, their alleles C and 
D have strong LD [33]. One explanation is dif-
ferences in allele and genotype frequencies of 
SNPs on one side and, on the other, the differ-
ences between different studies. Also, the pat-
terns of LD

are from each other have strong LD. The 
haplotype and LD are important for large-scale 
association-mapping studies [39]. unpredict-
able; two loci near each other might have 
weak LD, whereas loci of different SNPs that 

Figure 4. Linkage disequilibrium (LD) of rs2010963 and rs699947 SNPs in DR and control. (a)The pairwise LD 
between SNPs, using D’ (red color) value, (b)The pairwise LD between SNPs, using r2 (gray color) value, LD is 
represented by D’ or r2 multiplied by 100.
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are so far from each other have strong LD. The 
haplotype and LD are important for large-scale 
association mapping studies [40].

Conclusion

The GG genotype of rs2010963 in the VEGF 
gene had a higher probability of developing 
either NPDR or PDR. No significant importance 
for rs699947 SNP with diabetic retinopathy. The 
findings suggest a moderate LD in two SNPs 
(rs2010963 and rs699947) and their CG haplo-
type associated with DR progression by 2 folds.
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