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Abstract
Background The Study investigates the association between the CTLA-4 +49 A/G (rs231775) polymorphism and 
cardiovascular disease risk factors in patients with diabetic retinopathy.

Methods Fifty cases with diabetic retinopathy were compared to fifty healthy controls. Blood samples were subjected 
to ARMS-PCR with primers specific to the CTLA-4 +49 A/G (rs231775) gene.
Results Hypertension was identified as a co-factor for diabetic retinopathy, with an odds ratio of 1.32 (95% CI: 0.45-
4.85). Furthermore, the A allele was more frequently observed in patients with a history of myocardial infarction than 
the G allele, with counts of 25 versus 10 and 11 versus 4 (p = 0.455). The A allele was also more prevalent in the 
hyperlipidemia group than the G allele, with frequencies of 34 versus 1 and 9 versus 6 (p = 0.255). Hyperlipidemia 
was recognized as a co-factor for diabetic retinopathy, with an odds ratio of 2.25 (95% CI: 0.42-12.65). The A allele 
showed an odds ratio of 3.85 (95% CI: 1.95-7.99), indicating an increased risk of developing diabetic retinopathy. 
The AG genotype was significantly more common in the diabetic retinopathy group compared to the control group 
(31 versus 11) (p = 0.003), and this genotype was associated with a higher risk for diabetic retinopathy (odds ratio: 
12.2, 95% CI: 4.56-41.85). The AA genotype was more frequently observed in the diabetic retinopathy group than the 
control group (15 versus 22) (p = 0.312) (odds ratio: 3.2, 95% CI: 0.598-7).

Conclusion The AG genotype and the A allele were more prevalent in patients with diabetic retinopathy, suggesting 
that they may be risk factors. The AA genotype, the AG genotype, and the G allele exhibited significant associations 
with diabetic retinopathy.
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1  Introduction

Diabetes mellitus is one of the leading global health 
issues, with India being the second most affected country 
after China. In 2019, it was projected that 77 million 
people in India had diabetes, with the number expected 
to rise to over 134 million by 2045.[1] Common eye 
problems related to diabetes include diabetic retinopathy, 
neovascular glaucoma, cataracts, strabismus, ptosis, 
oculomotor nerve palsy, and hordeolum.[2] Often, 
assessments of the ocular surface are neglected, with too 
much focus placed on retinopathy.[3]

Diabetic retinopathy (DR) is a microvascular 
complication of diabetes mellitus and a major cause of 
visual impairment and blindness globally. Non–vision–
threatening stages of DR include mild and moderate 
non-proliferative DR (NPDR). Vision-threatening DR 
includes severe NPDR, proliferative DR (PDR), and 
diabetic macular edema (DME), which occurs at any 
DR stage. DR results from prolonged high blood sugar, 
damaging retinal blood vessels and causing leakage, 
ischemia, and new blood vessel growth. The International 
Diabetes Federation estimates over 537 million people 
worldwide have diabetes, with projections rising to 643 
million by 2030, and about 34.6% of these individuals 
are affected by DR.[4] Diagnosis often requires fundus 
photography and Optical Coherence Tomography (OCT) 
to detect macular edema and other signs. Strict glycemic 
control can reduce the progression of DR by up to 76%. 
Treatment options include laser photocoagulation to seal 
leaking vessels and reduce neovascularization, as well 
as intravitreal injections of anti-VEGF agents, such as 
ranibizumab and aflibercept, to treat macular edema.
[5] For advanced cases with vitreous hemorrhage or 
retinal detachment, pars plana vitrectomy is the standard 
surgical treatment. 
Numerous studies have identified various genetic 
variations associated with an increased risk of type 2 
diabetes mellitus (T2DM), providing important insights 
into the underlying pathophysiological mechanisms. A 
particularly significant genomic region is the CTLA-
4 gene, which encodes the cytotoxic T-lymphocyte-
associated protein. This gene plays a crucial role in 
regulating inhibitory signals that counteract T cell 
activation, thereby influencing immune homeostasis.
[6] Located on chromosome 2q33, the CTLA-4 gene 
contains recurring single-nucleotide polymorphisms 
(SNPs) that have been studied for their potential 
associations. The CTLA-4 +49 A/G (rs231775) SNP 
has garnered considerable attention.[7] However, the 
impact of the CTLA-4 +49 A/G gene polymorphism 
on individuals with DR remains largely unexplored. 
Additionally, investigations into the association between 
these alleles and various cardiovascular disease risk 
factors have not yet been conducted. Gaining a better 

understanding of how CTLA-4 gene variants influence 
the risk of developing DR could aid in creating more 
effective prevention and management strategies.

2  Methods

Fifty patients diagnosed with DR were compared with 
fifty healthy individuals. The inclusion criteria included 
patients in both the case and control groups. In the case 
group (DR, n = 50), patients had to confirm a diagnosis 
of diabetes mellitus and be defined as having sight-
threatening DR, including severe NPDR, PDR, or DME. 
Retinopathy status was confirmed through standardized 
ophthalmic evaluations, such as dilated slit-lamp 
biomicroscopy, multi-field fundus photography, or OCT.
In the control group (diabetic patients without retinopathy), 
controls were required to have a confirmed diagnosis of 
DM (either type 1 or type 2, matching the case group) 
but without any signs of DR. The most stringent and 
valuable control groups consisted of “diabetes-resistant” 
individuals—patients with a long duration of diabetes 
(e.g., 10 to 15 years or more) yet no evidence of DR. This 
helped control the strong confounding effect of disease 
duration. Retinopathy status in controls was confirmed 
using the same standardized ophthalmic evaluations 
as the case group. Controls were defined as having no 
DR or, at most, minimal NPDR. Additionally, controls 
were matched to cases by age, gender, and ethnic/racial 
background to minimize the influence of population 
stratification on the results.
Exclusion criteria were applied to minimize confounding 
factors that could independently influence the 
development of retinopathy and interfere with genetic 
findings. Patients with severe comorbidities, such as 
advanced heart failure, liver disease, or malignancy, were 
excluded. Individuals with inflammatory diseases or those 
taking anti-inflammatory medications or antioxidant 
supplements were also excluded, as these factors can 
independently affect retinal health. Exclusion of other 
diabetic complications, such as severe nephropathy or 
neuropathy, was sometimes considered to isolate genetic 
factors specific to DR.
Other pre-existing or co-existing eye conditions not 
related to diabetes—such as age-related macular 
degeneration (AMD), glaucoma, or uveitis—were a basis 
for exclusion to prevent misinterpreting other retinal 
damage as DR. Patients with significant media opacities, 
including cataracts that interfere with high-quality fundus 
photography or accurate retinopathy grading, were also 
excluded.

Procedure
The research specifically targeted those with DR, 
intentionally omitting any other eye conditions or 
disorders. The study employed the ARMS-PCR method, 
using Tetra-ARMS-PCR primers (Table 1).
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ARMS-PCR
Genomic DNA was extracted using a Blood DNA 
Extraction Kit. The concentration and purity of the 
extracted genomic DNA from blood samples were 
evaluated with a NanoDrop spectrophotometer 
(THERMO, USA). 
The T-ARMS-PCR technique was employed to genotype 
the CTLA-4 +49 A/G (rs231775) gene polymorphism in 
both patient and healthy control groups. The T-ARMS-
PCR master mix was prepared using the Taq G2 Green 
Master Mixture kit, with two reactions performed for 
each sample. The standard T-ARMS-PCR reaction 
mixture included 5 µL of DNA template, 1 µL of 
Forward Inner Primer (10 pmol), 1 µL of Reverse Inner 
Primer (10 pmol), 1 µL of Forward Primer (10 pmol), 1 
µL of Reverse Primer (10 pmol), 12.5 µL of G2 Green 
Master Mix, and 3.5 µL of Nuclease-Free Water. The 
PCR master mix was transported to the centrifuge and 
spun at 3000 rpm for 3 minutes before being placed in a 
PCR Thermocycler (BioRad, USA). Cycling conditions: 
10 min at 95°C followed by 35 cycles of 94°C for 30 
seconds, annealing for 30 seconds, 72°C for 30 seconds, 
and a final cycle of 72°C for 7 minutes.
For statistical analysis, continuous variables were 
expressed as mean ± standard deviation. The associations 
of the odds ratio (OR) and 95% confidence interval (CI) 
were examined using the chi-square test. Statistical 
analysis was performed using SPSS software for 
Windows, version 25.0.

3  Results

The patient and control groups are statistically compara-
ble in terms of age and gender, which is crucial for the 
validity of this case-control study. Hypertension was sig-
nificantly more common in the DR group, with a prev-
alence of 76.0%, compared to just 8.0% in the control 
group (p = 0.001). The prevalence of obesity was notably 
higher in the DR group at 60%, while the control group 
had a mere 2.0% (p = 0.002). A significant difference was 
observed in the history of myocardial infarction, with 
72% of the DR cases reporting such a history, compared 
to only 10% in the control group (p = 0.002). Moreover, 

hyperlipidemia was found to be significantly more prev-
alent in the DR cases, with an occurrence of 86%, in con-
trast to just 2% in the control group (p = 0.003) (Table 2).
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Table 1 The Tetra-ARMS-PCR primers for CTLA-4 +49 A/G 
Primer  Sequence (5’–3’) Purpose Amplicon size (bp)

Forward Inner (A-allele) CACAAGGCTCAGCTGAACCTGGATG Amplifies the A-allele-specific product 237

Reverse Inner (G-allele) ACAGGAGAGTGCAGGGCCAGGTCCTAGT Amplifies the G-allele-specific product 216

Forward Outer TCTATTCAAGTGCCTTCTGTGTGTGCA Produces the non-allele-specific control band 409

Reverse Outer GCCAAGCCAGATTGGAGTTTTACCTT Produces the non-allele-specific control band 409

Gel electrophoresis results for each genotype:
A/A Homozygote: 2 bands at 409 bp (control) & 237 bp (A-allele).
G/G Homozygote: 2 bands at 409 bp (control) & 216 bp (G-allele).
A/G Heterozygote: 3 bands at 409 bp (control), 237 bp (A-allele), & 216 bp (G-allele)

Table 2 Demographics and patients with DR in association 
with cardiovascular disease risk factors

Characteristics Patients Control P-value*

Age (years) 52.24 ± 14.9 49.55 ± 13.6
0.45 

Range 21-75  yrs 22-72 yrs

20-30 6 (12.00 %) 8 (16.00 %)

0.59 

31-45 6 (12.00 % ) 8 (16.00 %)

66-70 12 (24.00 % ) 9 (18.00%)

46-65 17 (34.00 %) 17 (34.00%)

> 70 9 (18.00 % ) 8 (16.00 %)

Sex 

Male, n (%) 23 (46.00 %) 27 (54.00 %)
0.725

Female, n (%) 27 (54.00 %) 23 (46.00 %)

Hypertension

Yes, n (%) 38 (76.00 %) 4 (8 %)
0.001

No, n (%) 12 (24.00 %) 46 (92 %)

Obesity

Yes, n (%) 30 (60 %) 2 (4 %)
0.002

No, n (%) 20 (40 %) 48 (96 %)

History of myocardial infarction

Yes, n (%) 36 (72 %) 5 (10 %)
0.002

No, n (%) 14 (28 %) 45 (90 %)

Hyperlipidemia

Yes, n (%) 43 (86.00 %) 1 (2.00 %)
0.003

No, n (%) 7 (14.00 %) 49 (98.00 %)

*chi-square test
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Recognition of CTLA-4 +49 A/G (rs231775) 
Polymorphism
The CTLA-4 +49 A/G (rs231775) polymorphism was 
examined using the ARMS-PCR method. Three different 
genotypes were detected at this locus: AG, AA, and GG. 
The wild-type homozygous genotype (AA) showed 
amplification exclusively of the A allele, while the mutant 
homozygous genotype (GG) amplified only the G allele. 
The heterozygous genotype (AG) exhibited amplification 
of both G and A alleles, each corresponding to a distinct 
product size. The AG genotype was significantly more 
common in DR cases than in the control group (31 
vs. 11), with a p-value of 0.003. Additionally, the AG 
genotype was linked to a heightened risk of DR, with an 
odds ratio of 12.2 (95% CI: 4.56-41.85). Conversely, the 
homozygous genotype AA was more frequently observed 
in the DR group than in the control group (15 vs. 22), 
although this difference was not statistically significant 
(p = 0.312) (Table 3).
Allele A was more common in the DR group than in the 
control group, with frequencies of 77 and 46, respectively. 
This difference was statistically significant (p = 0.0045). 
Additionally, genotype A was identified as a risk factor 
for DR, with an OR of 3.85 (95% CI: 1.95-7.99) (Table 
4).
The relationship between the CTLA-4 +49 A/G 
(rs231775) polymorphism and the risk of developing DR 
in obese individuals was investigated. Allele A was more 
common among hypertensive individuals than allele 
G (27 vs. 8 and 12 vs. 4), although this difference did 
not reach statistical significance (p = 0.65). As a result, 
allele A was suggested as a potential risk factor for DR, 
with an OR of 1.32 (95% CI: 0.45-4.85). In the obese 
group, allele A also showed a higher frequency than 
allele G (23 vs. 13 and 8 vs. 7). Still, this finding was not 
statistically significant (p = 0.399), resulting in an OR of 
1.55 (95% CI: 0.39-4.66) for DR. Furthermore, allele A 
was more frequently found in individuals with a history 

of myocardial infarction compared to allele G (25 vs. 10 
and 11 vs. 4), yet this difference was again not statistically 
significant (p = 0.455), indicating an OR of 1.399 (95% 
CI: 0.298-4.366) for DR. Additionally, allele A was 
significantly more prevalent in the hyperlipidemia group 
compared to allele G (34 vs. 1 and 9 vs. 6). However, 
this difference was also non-significant (p = 0.255). 
Therefore, allele A was associated with an increased risk 
for DR, as reflected by an OR of 2.25 (95% CI: 0.42-
12.65) (Table 5).
The G allele in patients with diabetic retinopathy 
shows significant correlation with Hypertension, 
Hyperlipidemia, History of myocardial infarction, and 
Obesity risk factors. Similarly, AA and AG genotypes 
show significant correlations with risk factors such as 
hypertension, Hyperlipidemia, History of myocardial 
infarction, and obesity. Neither genotype nor allele has a 
significant correlation with the Age factor (Table 6).

4  Discussion
   
This study included a diverse age range of patients 
diagnosed with DR. The results regarding traditional risk 
factors were consistent with previous research conducted 
in various populations, including those in Europe.[8] Age 
and gender are acknowledged as major risk factors for 
diabetes, with older individuals facing a higher risk 
for T2DM due to increased insulin resistance (IR) and 
changes in pancreatic function that occur with aging.[9,10] 

In this research, the prevalence and management of 
hypertension among patients with confirmed T2DM 
exceeded international standards. However, there is 
potential for improved hypertension management in 
patients who have both hypertension and DR through 
targeted interventions.[11] 
This study highlights the importance of management 
strategies for individuals affected by DR. Our findings 
support earlier research linking longer diabetes duration 
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Table 3 CTLA-4 +49 A/G (rs231775) poly genotype in DR cases and the control group

CTLA-4 +49 A/G (rs231775) Cases, n =  50 Control, n = 50 P1 P2 OR 95% CI

AA 15 22 0.0002 0.003 12.2 4.56-41.85

AG 31 11 0.312 3.2 0.598 – 7.98

GG 4 17 Reference Reference Reference

Important relations of the stately OR and 95% CI were evaluated using chi-square.

Table 4 CTLA-4 +49 A/G (rs231775) poly allele occurrence in DR cases & control group

CTLA-4+49 A/G (rs231775) Patients n = 100 Control n = 100 P-value OR 95%CI

A 77 46
0.0045

3.85 1.95- 7.99

G 23 54 0.2308 0.145- 0.524
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with hypertension. The relationship between DR, obesity, 
and IR is complex and interdependent, emphasizing the 
need to understand this connection.[12,13]

Our findings align with previous studies regarding the 
effect of the CTLA-4 +49 A/G polymorphism on the 
development of DR. Dong et al. analyzed 16 studies 
involving 3,713 diabetic patients and 3,862 controls, 
revealing that individuals with the AG genotype had a 
higher risk of developing T2DM, with an OR of 1.28 and 

a 95% CI of 1.05-1.56. No significant association was 
found between the AA genotype and the risk of T2DM.[14] 
Additionally, Zhou et al. conducted a meta-analysis that 
confirmed the association between the AG genotype 
and an increased risk of T2DM, while the AA genotype 
showed no significant correlation. The slight vulnerability 
associated with the AG genotype may stem from its 
potential influence on the expression and function of 
the CTLA-4 gene, which plays a key role in immune 

Table 6 Correlation of CVD Risk Factors with DR

Hypertension

Yes, n = 38 No, n = 12 OR 95% CI P-value

Allele A, n (%) 27 (71.05%) 8 (66.67%)

1.32 0.45-4.85

0.65

Allele G, n (%) 11 (28.94%) 4 (33.33%)

Obesity 

Yes, n = 30 No, n = 20 OR 95% CI

Allele A, n (%) 22 (73.33%) 13 (65%) 1.55 0.39-4.66 0.399

Allele G, n (%) 8 (26.67%) 7 (35%)

History of myocardial infarction

Yes, n = 36 No, n = 14 OR 95% CI

Allele A, n (%) 25 (69.45%) 10 (71.42%)

1.399 0.298-4.366

0.455

Allele G, n (%) 11 (30.56%) 4 (28.58%)

Hyperlipidemia

Yes, n = 43 No, n = 7 OR 95% CI

Allele A, n (%) 34 (79.07%) 1 (14.28%)

2.33 0.42-12.65

0.255

Allele G, n (%) 9 (20.93) 6 (85.72%)

Pearson correlation = R-value

Table 5 Association of alleles of CTLA-4 +49 A/G (rs231775) by cardiovascular risk factors

Age Hypertension Hyperlipidemia History of myocardial infarction Obesity

Allele A R-value 0.005 0.088 0.083 0.065 0.005

P-value 0.960 0.409 0.439 0.545 0.960

n 90 90 90 90 90

Allele G R-value 0.088 0.439** 0.684** 0.759** 0.439**

P-value 0.409 0.000 0.000 0.000 0.000

n 90 90 90 90 90

AA R-value 0.083 -0.684** -0.439** 0.914** -0.439**

P-value 0.439 0.000 0.000 0.000 0.000

n 90 90 90 90 90

AG R-value 0.065 0.76** 0.914** 0.463** -0.463**

P-value 0.545 0.000 0.000 0.000 0.000

n 90 90 90 90 90

**Correlation is significant at the 0.01 level (2-tailed).

* Correlation is significant at the 0.05 level (2-tailed).
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regulation and inflammation.[15]

The CTLA-4 gene is essential for controlling T-cell 
activation, and its polymorphisms have been associated 
with various autoimmune and inflammatory diseases, 
including T2DM. Allelic analysis indicated a significantly 
higher frequency of the A allele in individuals with DR 
compared to the control group, with the A allele showing 
an OR of 3.85 (95% CI: 1.95-7.99), suggesting its 
association with an elevated risk of developing DR.[16-18]

In a separate study by Chang et al., which included 17 
studies with a total of 5,244 T2DM patients and 5,608 
healthy controls, the A allele was associated with an 
increased risk of T2DM, yielding an OR of 1.40 and a 
95% CI of 1.20-1.63.[19]

The risk associated with the A allele may relate to its 
effects on the presence and function of the CTLA-4 
gene. Further investigation is necessary to elucidate the 
intricate relationships between this genetic variation and 
both genetic and environmental factors in the progression 
of DR. Longitudinal studies are often considered crucial 
for evaluating the prognostic significance of this genetic 
variant in the development of T2DM and for exploring 
its potential implications for early interventions and 
personalized management strategies.[20]

The association between this polymorphism and obesity 
has not been extensively studied. Some evidence 
suggests it may affect lipid metabolism and increase 
cardiovascular risk. Previous research on the CTLA-
4 CT60 G/A polymorphism and its health effects has 
produced mixed results. Research on lipid metabolism 
also suggests a potential association with cardiovascular 
risk, but the exact mechanisms remain to be investigated. 
This study could not compare its results due to a lack 
of prior research involving DR patients, highlighting the 
need for more studies to clarify the relationship between 
DR and cardiovascular risk factors. Additionally, the 
findings are limited by a small sample size. 

5  Conclusion

The CTLA-4 +49 A/G (rs231775) polymorphism 
indicated that the AG genotype and A allele were more 
common among DR patients, suggesting these genetic 
factors may increase the risk of DR. However, although 
no statistically significant association was observed 
between CTLA-4 polymorphisms and obesity, the 
CTLA-4 +49 A allele was associated with an increased 
risk of hypertension, obesity, myocardial infarction, and 
hyperlipidemia in the DR patient group.
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