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Abstract--- Background. Diabetic retinopathy (DR) is one of the most 

common consequences of diabetes. Retinopathy risk may be affected 
by genetic polymorphisms in the AKR1B1 gene. Method. One hundred 

thirty-four people with diabetes enrolled in the current study with 36 

health control. An ophthalmological evaluation was done along with 

genotyping for the AKR1B1 rs9640883 SNP for all participants. 

Results. The result of genotyping the rs9640883 SNP in AKR1B1 with 

diabetic retinopathy is a GG pattern in all recruited cases with DR or 
cases without this complication (134 patients) and 36 controls. The 

mutant AA genotype and the heterozygote GA genotype were absent in 

the samples. Conclusion. rs9640883 polymorphism was absent in our 

samples of DR, and it suggests the presence of the wild type in this 

locus. The A allele of rs9640883 polymorphism was absent in our 
samples of DR, and it suggests the presence of the wild type (G allele) 

in this locus. 

 

Keywords---diabetic retinopathy, AKR1B1, rs9640883, 

polymorphism. 

 
 

Introduction  

 

Diabetic retinopathy (DR) is one of the most common consequences of 

diabetes(Ting et al., 2016)  Many patients with diabetes develop serious problems 
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such as retinal detachment, neovascular glaucoma, or diabetic macular edema. 

DR is the leading cause of vision loss in the working-age population worldwide. 

Progression of DR is thought to be genetically influenced, particularly the 

development from non-proliferative to more proliferative DR type (Pinazo-Durán et 
al., 2016; Romero-Aroca et al., 2016). However, not every patient with diabetes 

will develop microvascular problems(Wang et al., 2003). It is still unknown and 

poorly understood what factors led to the development of this complicated 

disease. Evidence suggests both environmental and genetic factors contribute to 

emerging DR(Priščáková et al., 2016). Studies on genetic factors use the 

comparing approach in which the frequency of a particular genetic variant in 
subjects with or without DR. one of the candidate genes for DR. is AKR1B1 

encoded aldose reductase (ALR2); encoded aldose reductase is an essential 

enzyme in the polyol pathway (converts glucose to sorbitol) (Brownlee, 2005). 

Sorbitol accumulation leads to the destruction of the retina; by beginning the 

oxidative stress and ending in the production of microaneurysms, thickening the 
basement membrane of the retina(Priščáková et al., 2016). Three distinct DR-

associated ALR2 polymorphisms have been found in various populations(Abhary 

et al., 2010; Li et al., 2019; S. Mogilevskyy et al., n.d.; S. I. Mogilevskyy & 

Bushuieva, 2017). However, conflicting data have been found in different 

publications. Studies show a higher risk of diabetic retinopathy related to a 

certain allele of polymorphisms, whereas the converse was shown in other studies 
(Cao et al., 2018; Demaine, 2003; Kao et al., 2000). In our present study, we 

aimed to identify the presence of genetic variant rs9640883 in our individual and 

the association or significance concerning diabetic retinopathy. 

 

Materials and Methods 
 

Subject 

 

One hundred thirty-four people with diabetes enrolled in the current study, and 

36 healthy control. An ophthalmological evaluation was done along with 

genotyping for the AKR1B1 rs9640883 SNP for all participants. The full 
demographic data is found in our under-publication study entitled "Thyroid 

Hormone Levels and the Risk of Diabetic Retinopathy in T2DM". 

 

DNA Extraction 

 
Genomic DNA was extracted using G-spin™ Total DNA Extraction Mini Kit 

(iNtRON Biotechnology, Korea) as described by the manufacturer.  The genotyping 

of re9640883 SNP on the promoter of the AKR1B1 gene was performed by using a 

tetra primer-amplification refractory mutation system (ARMS)-PCR.assay. In a 

single PCR reaction, this approach uses two primer pairs to amplify the two 

different alleles of a specific SNP. We perform a touchdown PCR technique to 
reduce nonspecific primer/template binding. The program was as follows: initial 

denaturation at 95° C for 7 min, 40 cycles of denaturation at 95° C for 30 s and 

maximum annealing at 65° C decrease gradually every cycle till reached the 

minimum annealing at 59° C for 40 s and 72° C for extension and final extension 

for 40 s and 7 min respectively. Primers for the ARMS SNP assays were designed 
using the SNPgen® tool and listed in Table 1.  
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Table 1 

Primers sequences, PCR conditions and product sizes 
 

Primer 
name 

Primer sequence (5-3) Tm Annealing 
temperature  

PCR 
product 

size (bp) 

AKR IF G Forward inner primer (G allele): 

CCGAGGAGCACAAGAAGTGCAG  

66 

Max Ta= 

61° C 
Min. Ta= 

59° C 

197 bp (G 

allele) 

AKR IR A Reverse inner primer (A allele): 
GGCATCTTCCGTGTCATTTTTCATT  

66 142 bp (A 
allele) 

AKR FO  Forward outer primer: 

TGCTGCACAAGAGTGAATGTTTGAA  

66 292 bp 

(two outer 

primers) 

AKR RO Reverse outer primer: 

GCCTAGGTGTGTCAGGCTTCAAAGT  

66  

 
Results  

 

The patient group consisted of 134 subjects with T2DM (mean age = 56.26; 72 

males, 62 females). One hundred three of them with diabetic retinopathy grouped 

into NPDR and PDR, and the others (31 patients) were diabetic patients without 
retinopathy (NDR). The control group was 36 (mean age = 46.64; 22 males, 14 

females). BMI, hypertension and smoking status of the patient are 29.68 Kg/m2, 

80 with hypertension, 25 one smoker. Demographic data of the NDR, NPDR and 

PDR patients are also given in Table 2. 

 

Table 2 
Clinical characteristics of controls, diabetic patients and non-diabetic patients 

 

 Control 

(n=36)  

Total T2DM 

(n= 134) 

NDR  

(n= 31) 

NPDR 

(n=64)  

PDR 

(n=39)  

Age 46.64(11.58) 56.26(10.88) 58.52(13.19) 57.30(9.07) 52.97 
(10.4) 

Gender 

(years) 

22/14 72/62 13/18 36/28 23/16 

BMI (kg/m2) 24.01(4.38) 29.68(4.94) 29.46(4.52) 30.10(5.58) 29.49 

(4.73) 

Hypertension, 
n N/Y 

35/1 54/80 14/17 21/43 19/20 

Smoking, n 

N/Y 

28/8 109/25 26/5 50/14 33/6 

Quantitative date are represented as mean ± SD. Qualitative data are represented 

as counts. BMI=Body mass index; NDR=non-diabetic retinopathy; NPDR= Non 

proliferative diabetic retinopathy; PDR= proliferative diabetic retinopathy. The 

result of genotyping the rs9640883 SNP in AKR1B1 with diabetic retinopathy is a 

GG pattern in all recruited cases with DR or cases without this complication (134 
patients) and 36 controls. Figure 1 shows the results of SNP genotyping by tetra 

primer-ARMS PCR. the band that size 292 bp is to ensure the amplification of the 
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target region of the AKR1B1 gene while the 197 bp band indicates the presence of 

GG genotype. No 142 bp band was detected that represents AA genotype or along 

with 292 bp to represent heterozygote GA genotype. 

 
 

 

 

 

 

 
 

 

 

Fig 1. The results of tetra primer-ARMS PCR for genotyping rs9640883, bands 

with 197 bp indicate GG genotype. The confirmative band's size is 292 bp. (The 
DNA ladder is 50-500 bp) 

 

Discussion  

 

Numerous research studies have analyzed the relationship between 

polymorphisms in the AKR1B1 gene, and the risk of developing DR. rs9640883 
polymorphism is poorly explored in previous studies. The current study 

investigated the presence of the rs9640883 variant in the sequence of the 

AKR1B1 gene. We didn't find the A allele (mutant allele)in the locus of the 

rs9640883 variant, which might suppose this variant is race dependent. This 

variant has not been linked to either DR patients or ordinary people in our sample 
of the Iraqi population. It is important to consider that our population is 

ethnically different from previous studies on the same variant; furthermore, it is 

unknown whether this polymorphism has ever been studied in Iraq. In a study by 

Madsen et al. on three different populations (Africans, Caucasians and Eskimos), 

the mutant allele frequency was absent in the Eskimos (Madsen et al., 1994).  
 

However, most studies on SNPs and DR have shown conflicting and contradictory 

results. A study in Egypt shows no association between the SNP at investigation 

and DR (Shawki et al., 2020) While Kaur et al. found a statistically significant 

association between the same polymorphism and retinopathy (Kaur et al., n.d.). 

These studies' contradictory results on rs759853 polymorphism in AKR1B1 gene 
in different populations and we reviewed here due to there are a limited number 

of studies on this SNP (rs9640883) moreover to shows that given SNP may largely 

different from one population to another as it observed in many genetic 

association studies. Previous studies found that rs9640883 was significantly 

associated with DR(Abhary et al., 2010; Li et al., 2019; S. I. Mogilevskyy & 

Bushuieva, 2017). Yet no one found non-association; as mentioned above, the 
cause (limited studies) and not even a single study in the middle east. A possible 

reason is that the majority of studies on genetic association with a disease have 

been performed in Europeans, thus reflecting the incomplete understanding of 

genetic disease and may result in an inaccurate risk assessment (Sirugo et al., 

2019). Another reason, the sample size might be a factor in the discrepancy in 
findings. So we aimed to investigate the association of the rs9640883 SNP   with 

the development of DR, and the absence of such variant needs more studies to 

292 bp. 

197 bp. 

50 bp 

500 bp 
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confirm the DR patients in Iraq all contain the G allele. Also, it is important to 

investigate other causative genetic variants of the AKR1B1 gene and the 

susceptibility of DR in our population.  
 

Conclusion  
 

Rs9640883 polymorphism was absent in our samples of DR, and it suggests the 

presence of the wild type in this locus. 
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