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Abstract 
Objectives: Diabetic retinopathy (DR) is one of the most common microvascular complications of 
type 2 diabetes mellitus (T2DM). It is multifactorial with the contribution of multiple genetic fac-
tors. We questioned the association of polymorphisms in the peroxisome proliferator-activated 
receptor ɣ2 (PPARɣ2) gene (Pro12Ala and C161T) with DR in an Egyptian population. Methods: 
This case control study included one hundred healthy individuals and 252 T2DM among them 122 
with DR and 130 without DR. Genotyping was done by polymerase chain reaction restriction 
fragment length polymorphism (PCR-RFLP). Results: The Pro12Ala Ala allele was associated with 
decreased risk of DR with an odds ratio (OR) of 0.484, 95% confidence interval (CI) (0.254 - 0.920), 
and a p value = 0.024. The C161T T allele was associated with increased risk of DR with OR = 2.593, 
95% CI (1.672 - 4.020), p < 0.001. However, when considering other covariates such as glycosy-
lated hemoglobin (HbA1c) in multivariate regression analysis only C161T was associated with in-
creased risk of DR with OR = 3.479, 95% CI (1.907 - 6.346), p < 0.001, while the significant associa-
tion with Pro12Ala was lost. HbA1c was higher in Pro/Pro genotype when compared to those with 
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Ala/Ala and Pro/Ala genotypes. Conclusion: We report that T allele of C161T increased risk of DR 
in the studied population. Further studies are warranted to investigate functional implications of 
polymorphisms of the PPAR-γ gene in DR development. 
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1. Introduction 
Diabetic retinopathy (DR) is a common microvascular diabetic complication (MVD) [1], and is the fifth most 
common cause of irreversible loss of vision in adults [2]. Duration of diabetes and chronic hyperglycemia are 
among the factors that may increase the risk of DR [1]. But the occurrence of diabetic complications despite of 
good glycemic control, and the variations in the prognosis in diabetics with similar metabolic dysregulation have 
suggested the contribution of other risk factors namely genetic ones [3]. Familial aggregation, ethnic differences 
and heritability pinpointed the role of genetics in the etiology of DR. A genome-wide association study in Chi-
nese has identified loci in genes related to insulin regulation, inflammation and apoptosis, as potential suscepti-
bility genes in the development of DR. These associations were independent of glycosylated hemoglobin (HbA1c) 
level and duration of diabetes [4].  

The peroxisome proliferator-activated receptor gamma (PPARɣ) gene is located on chromosome 3p25.3, and 
it encodes a protein that belongs to the nuclear hormone receptor superfamily of ligand-regulated transcription 
factors [5]. PPARɣ2 is predominantly expressed in adipose tissue and it regulates the transcription and expres-
sion of numerous target genes implicated in adipocyte differentiation, lipid metabolism and insulin-mediated 
glucose uptake in peripheral tissues, and hence it has been the focus of diabetes research [6]. Recently, genome 
wide association studies have confirmed that mutations of PPARɣ are associated with monogenic subsets of 
non-autoimmune diabetes [7]. Several polymorphisms in PPARɣ2 have been identified. The most common of 
which is Pro12Ala (rs1801282), which codes for proline instead of alanine at exon 2 [5]. Another polymorphism 
is the silent mutation C161T (rs3856806), at exon 6 that codes for histidine amino acid [8]. PPAR have been 
studied in relation to ocular diseases. Retinal expression of PPARγ was suppressed in experimental models of 
diabetes and in endothelial cells treated with high glucose [9]. Muranaka et al. showed that upon ligand activa-
tion, PPARγ reduced leukostasis and leakage in retinal vasculature [10]. However, results of the association be-
tween PPARγ polymorphisms and DR have been inconsistent in different populations [11]-[13].  

Herein, we carried out this case control study to determine the possible association of PPARɣ2 Pro12Ala and 
C161T polymorphisms with DR in type 2 diabetes mellitus (T2DM), and their relation to markers of glycemic 
control.  

2. Methods 
2.1. Population Studied 
Diabetics were recruited from the Diabetes Clinic in the Teaching Hospital of Medical Research Institute, 
Alexandria University from November 2012 till September 2014. T2DM was diagnosed based on the American 
Diabetes Association criteria [1]. The study was explained to all participants and written informed consents were 
required. The study was approved by the local ethics committee of the institute in accordance with The Code of 
Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving humans. All di-
abetics were receiving oral hypoglycemic agents. Exclusion criteria included: T2DM with less than 10 years 
duration, type 1 diabetes, secondary diabetes, smoking, hypertension, pregnancy.  

2.2. Examination and Blood Sampling 
All subjects had a standardized physical and ophthalmological examination. Ophthalmological examination in-
cluded visual acuity, slit lamp examination, and funduscopy. Retinopathy was defined as stages III or IV on 
funduscopy or as history of laser therapy. Patients were stratified as either non-retinopathy (DR−), who were 
considered the control group, or with diabetic retinopathy (DR+); the latter including both non-proliferative and 
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proliferative. 
A morning blood sample following a 12 hours fasting period was collected in EDTA coated and serum sepa-

rator vacutainer tubes. The Whole EDTA blood was used for genomic DNA extraction and determination of 
glycosylated haemoglobin (HbA1c). Serum levels of selected biochemical parameters were determined on the 
Olympus AU400 Clinical Chemistry Analyzer (Beckman Coulter Inc., Brea, CA, USA) 

2.3. Analysis of Pro12Ala and C161T Polymorphism of the PPARɣ2 Gene 
Genomic DNA was extracted using a commercially available kit (Qiagen). The concentration and purity of ex-
tracted DNA were determined by NanoDropTM 1000 spectrophotometer (Thermo Fisher Scientific). The poly-
merase chain reactions for the PPARɣ2 gene polymorphisms were carried out in a Veriti thermal cycler (Applied 
Biosystems) according to the methods described by Liu et al. [14]. The resultant RFLP digestion products were 
visualized by electrophoresis on 3% agarose gel stained with ethidium bromide for visualization under UV light. 
In 5% of the samples genotyping was performed in duplicate and was fully concordant.  

2.4. Statistical Analysis 
Statistical analyses were analyzed by SPSS.20. Descriptive measures were done for all variables and a p-value 
less than 0.05 was considered statistically significant. The Student’s t-test, chi-squared (χ2) test, and Fisher exact 
test were used to assess the general characteristics between groups. Allele frequencies of polymorphisms were 
determined by using direct gene counting. The genotype distribution for each SNP was evaluated for Hardy- 
Weinberg equilibrium. The strength of association between variant alleles and their susceptibility to the disease 
was assessed using univariate regression analysis. Odds ratios (ORs) with 95% confidence intervals and 
chi-square tests were calculated. A multivariate logistic regression model was used to test the association of ge-
notypes and DR, considering covariates of gender, age, duration of T2D, body mass index (BMI), fasting plasma 
glucose, total cholesterol and glycosylated HbA1c.  

3. Results 
The study included one hundred healthy individuals and 252 unrelated type 2 diabetics; classified according to 
presence of DR into 130 (51.6%) diabetics without retinopathy (DR−) and 122 (48.4%) diabetics with retinopa-
thy (DR+). DR was more frequent in males than females, but this did not reach the level of statistical signific-
ance (p = 0.061). DR+ patients had higher glycosylated hemoglobin (HbA1c) than DR− (p < 0.001) (Table 1). 

Genotype groups were in accordance with the Hardy-Weinberg equilibrium in the studied single nucleotide 
polymorphisms (SNPs); Pro12Ala (p = 0.098) and C161T (p = 0.244) in healthy individuals. Ala allele carriers 
either Ala/Ala or Pro/Ala were more frequent in DR− than DR+. The Ala allele was associated with decreased  
 
Table 1. Baseline and laboratory characteristics of the studied population. 

Variables Whole diabetics 
Retinopathy 

p value 
DR− DR+ 

Number (%) 252 130 (51.6) 122 (48.4)  

Gender (% men) 121 (48.0) 55 (42.3) 66 (54.1) 0.061 

Age (years) 51.70 ± 7.19 51.83 ± 7.18 51.56 ± 7.22 0.764 

Duration of diabetes (years) 13.23 ± 3.28 13.32 ± 3.31 13.13 ± 3.27 0.657 

BMI (Kg/m2) 31.41 ± 4.13 31.30 ± 4.11 31.52 ± 4.17 0.685 

Glucose (mg/dl) 179.35 ± 60.99 175.06 ± 62.76 183.92 ± 58.95 0.250 

HbA1C (%) 8.72 ± 1.99 7.98 ± 1.57 9.51 ± 2.10 <0.001* 

Total cholesterol (mg/dl) 217.31 ± 32.36 221.22 ± 27.51 213.14 ± 36.48 0.049* 

Triglycerides (mg/dl) 157.85 ± 43.62 158.95 ± 46.01 156.69 ± 41.07 0.682 

HDL-C (mg/dl) 43.80 ± 9.36 44.03 ± 9.09 43.55 ± 9.67 0.684 

LDL-C (mg/dl) 141.90 ± 32.29 145.32 ± 26.60 138.25 ± 37.19 0.086 

*: Statistically significant, DR−: no diabetic retinopathy, DR+: diabetic retinopathy, BMI: body mass index, HbA1c: glycosylated haemoglobin, 
HDL-C, LDL-C: high and low density lipoprotein cholesterol; p: comparison between DR− and DR+. 
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risk of DR with odds ratio 0.484, 95% confidence interval (CI) (0.254 - 0.920), p = 0.024. On the other hand, T 
allele carriers either TT or CT were more frequent in DR+ than DR−. The T allele was associated with increased 
risk of DR with OR = 2.593, 95% CI (1.672 - 4.020), p < 0.001 (Table 2).  

We performed a logistic regression model to adjust the OR for the presence of variant alleles and DR. The 
model included male gender as a categorical variable, while duration of diabetes, fasting glucose, BMI, total 
cholesterol and HbA1c were analyzed as continuous variables. Predictors of DR from this model were C161T 
variant OR = 3.479, 95% CI (1.907 - 6.346), p < 0.001 followed by HbA1c OR = 1.58, 95% CI (1.334 - 1.872), p 
< 0.001, while the significant association with Pro12Ala variant was lost (Table 3). 

We analyzed the distribution of clinical and metabolic parameters according to the studied genotypes in the 
whole diabetic group. Since the number of homozygous patients (Ala/Ala and TT) was small, they were com-
bined with the heterozygous patients (Pro/Ala and CT) respectively. Diabetics with Pro/Pro genotype had sig-
nificantly higher HbA1c compared to those with Pro/Ala + Ala/Ala (p = 0.003), also those with CC genotype had 
significantly higher BMI compared to those with CT + TT (p = 0.025) (Table 4).  
 
Table 2. The genotype and allele distribution of Pro12Ala and C161T polymorphisms of PPARɣ2 in the studied groups. 

Genotypes/alleles Healthy 
(n = 100) 

Whole diabetics  
(n = 252) 

DR− 
(n = 130) 

DR+ 

(n = 122) p OR (95% CI) 

Pr
o1

2 
A

la
 

Pro/Pro® 72 210 (83.3) 102 (78.5) 108 (88.5)   

Pro/Ala 23 38 (15.1) 25 (19.2) 13 (10.7) 0.054 0.491 (0.238 - 1.012) 

Ala/Ala 5 4 (1.6) 3 (2.3) 1 (0.8) 0.320 0.315 (0.032 - 3.076) 

Pro/Pro vs Pro/Ala - Ala/Ala 28 42 (16.7) 28 (21.5) 14 (11.5) 0.035* 0.472 (0.235 - 0.947) 

Pro allele® 167 (83.5) 458 (90.8) 229 (88.1) 229 (93.9)   

Ala allele 33 (16.5) 46 (9.1) 31 (11.9) 15 (6.1) 0.024* 0.484 (0.254 - 0.920) 

C
16

1T
 

C/C® 57 149 (59.1) 95 (73.1) 61 (50)   

C/T 34 85 (33.7) 32 (24.6) 47 (38.5) 0.002* 2.287 (1.316 - 3.974) 

T/T 9 18 (7.1) 3 (2.3) 14 (11.5) 0.003* 7.268 (2.05 - 26.34) 

C/C® vs C/T - T/T 43 103 (40.8) 35 (26.9) 61 (50) <0.001* 2.714 (1.605 - 4.591) 

C allele® 148 (74) 383 (76) 222 (85.4) 169 (69.3)   

T allele 52 (26) 121 (24) 38 (14.6) 75 (30.7) <0.001* 2.593 (1.672 - 4.020) 

*: Statistically significant, DR−: no diabetic retinopathy, DR+: diabetic retinopathy, OR: Odds ratio between DR− and DR+, CI: confidence interval. 
 

Table 3. Multiple logistic regression analysis for the association between diabetic retinopa-
thy, gene polymorphisms and other covariates in type 2 diabetic patients. 

Covariates 
Diabetic Retinopathy 

p OR (95%CI) 

Gender 0.451 0.804 (0.456 - 1.418) 

Age 0.818 0.995 (0.956 - 1.036) 

Duration of diabetes (years) 0.845 1.009 (0.920 - 1.107) 

BMI (Kg/m2) 0.431 1.029 (0.958 - 1.105) 

Glucose (mg/dl) 0.887 1.000 (0.996 - 1.005) 

HbA1C (%) <0.001* 1.580 (1.334 - 1.872) 

Total cholesterol (mg/dl) 0.090 0.992 (0.983 - 1.001) 

Pro12Ala 0.143 0.542 (0.238 - 1.231) 

C161T <0.001* 3.479 (1.907 - 6.346) 

*: Statistically significant, BMI: body mass index, HbA1c: glycosylated haemoglobin. 
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Table 4. Baseline and laboratory characteristics of diabetic patients according to their PPARɣ2 Pro12Ala and C161T geno-
types. 

Items 
Pro12Ala 

p 
C161T 

p 
Pro/Pro Pro/Ala + Ala/Ala CC CT + TT 

Number (%) 210 (83.3) 42 (16.7)  156 (61.9) 96 (38.1)  

Gender (% men) 106 (50.5) 15 (35.7) 0.080 71 (45.5) 50 (52.1) 0.311 

Age (years) 51.66 ± 7.37 51.90 ± 6.29 0.839 52.24 ± 7.36 50.81 ± 6.85 0.125 

Duration of diabetes (years) 13.08 ± 3.19 13.95 ± 3.66 0.116 13.52 ± 3.44 12.75 ± 2.95 0.071 

BMI 31.47 ± 4.17 31.08 ± 3.96 0.578 31.84 ± 4.43 30.70 ± 3.51 0.025* 

Glucose (mg/dl) 179.70 ± 62.50 177.57 ± 53.4 0.837 173.92 ± 61.71 188.18 ± 59.05 0.071 

HbA1C (%) 8.89 ± 1.95 7.89 ± 2.01 0.003* 8.74 ± 2.13 8.68 ± 1.76 0.819 

Total cholesterol (mg/dl) 216.81 ± 32.69 219.76 ± 30.93 0.591 214.28 ± 33.98 222.22 ± 29.04 0.058 

Triglycerides (mg/dl) 156.31 ± 43.63 165.55 ± 43.24 0.211 160.58 ± 43.62 153.42 ± 43.48 0.206 

HDL-C (mg/dl) 44.25 ± 9.40 41.55 ± 8.94 0.088 43.47 ± 9.58 44.32 ± 9.02 0.486 

LDL-C (mg/dl) 141.26 ± 32.69 145.10 ± 30.41 0.482 138.95 ± 34.44 146.69 ± 27.97 0.065 

*: Statistically significant, BMI: body mass index, HbA1c: glycosylated haemoglobin, HDL-C, LDL-C: high and low density lipoprotein cholesterol. 

4. Discussion 
In this case-control study, we showed a significant association between PPARɣ2 C161T and risk of DR. The 
pathophysiology of DR is explained through several pathways: excessive production of advanced glycation end 
products, and increased oxidative stress with resulting inflammation, angiogenesis and apoptosis. Actually 
PPARɣ have a key role in these aforementioned mechanisms [15].  

The prevalence of Ala allele of Pro12Ala shows great diversity among populations ranging from 2% - 18% in 
healthy people, coinciding with our frequency of 16.5% in non diabetics healthy volunteers [16]. On the other 
hand, Ala allele had frequencies of 6.1%, and 11.9% in patients with DR, and patients without DR patients re-
spectively in the current work. Our reported frequencies were lower than the ones reported by meta-analysis of 
Ma et al., who concluded that the prevalence of the Ala allele was 10.28% in DM2 with DR and 19.47% in 
DM2 without DR. They reported population based differences, where the frequency of the Ala allele was higher 
in Caucasians populations (27.09%) than in Asians (7.56%) [2]. One interesting explanation for this heterogene-
ity involved ethnic differences in dietary habits where a suggested gene-nutrient interaction based on the ratio of 
polyunsaturated to saturated fats determined the association between the Pro12Ala polymorphism and BMI, 
hence the protective effect of the Ala allele was greater in those with lower BMI [17].  

Although several studies proposed protective roles for Ala allele against the development of DR, through sen-
sitization of insulin, inhibition of lipid oxidation and reduction of oxidative stress that contributes to insulin re-
sistance [2] [18]-[20], yet the association of Pro12Ala with DR is controversial. In our study although univariate 
analysis showed a significant association of Pro12Ala with DR, multivariate analysis resulted in loss of this as-
sociation when considering other covariates. Likewise, Malecki et al. reported no association in non-stratified 
analysis. But when they classified their diabetic cases according to duration of diabetes, they found a protective 
significant role of Ala allele, although this association was independent when considering other covariates [21]. 
In Caucasians, two studies failed to prove any significant association between Pro12Ala and DR [11] [22]. 

Another polymorphic site examined in the present study was PPARɣ2 C161T. The frequency of T allele in 
our study (26% in healthy volunteers) was close to that reported in Tunisians [23], but lower values were re-
ported by others; 0% - 7% in Caucasians [24] and 12% in Chinese [25]. In the current study we report, for the 
first time, that PPARɣ2 C161T is an independent factor for DR. Multivariate regression analysis showed that T 
allele was associated with increased risk of DR with OR = 3.479, 95% CI (1.907 - 6.346), p < 0.001. Neverthe-
less, this significant association was independent of HbA1c and diabetes duration. 

C161T polymorphism has been studied in relation to one of the major diabetic complications which are coro-
nary artery diseases (CAD), but results were controversial. Some authors proved a significant association with 
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CAD independent of BMI and lipid profile and even suggested a direct local vascular wall effect [8] [26], while 
others could not confirm it [27] [28]. However, a meta-analysis by Ding et al. concluded that T allele carriers 
had marginally increased susceptibility of CAD [29]. Beyond the role of PPARɣ2 variants in body metabolism, 
C161T polymorphism was related to colonic adenomas [30], colorectal cancers [31], ulcerative colitis [32] and 
low peak bone mass [33].  

Although the pathogenesis of DR is still not completely resolved, a pivotal role has been attributed to insulin 
resistance. This appears logical because the retina is not only one of the prime insulin targets, but it also ex-
presses basal insulin receptor/Akt signaling pathway [34]. Given the role of PPARɣ2 in glucose and lipid meta-
bolism, C161T polymorphism has been studied in relation to insulin resistance, but researches was either con-
firming [14] [35] or denying such association [36] [37].  

Being a silent mutation, functional significance of C161T polymorphism and its effect on PPARɣ2 expression 
may seem hard to explain. One of the earliest explanations was suggested by Meirhaeghe et al. when they re-
ported a significant association between C161T polymorphism and circulating leptin levels in obese subjects. In 
their study, obese subjects with at least one T allele (CT + TT) had higher plasma leptin levels than subjects with 
homozygous CC and this was independent of BMI [38]. Interestingly, significant increases of serum and vi-
treous leptin levels were found in DR in several studies [39]-[41]. Apparently the pathogenesis of DR is multi-
factorial with interaction of several pathways that requires further research. 

We investigated whether the studied SNPs were reflected on the related biochemical parameters of the sub-
jects. The Ala carriers had lower HbA1c, while the T allele carriers had lower BMI, but we did not find any as-
sociation between the genotypes versus lipid profile. The influence of different varients of PPARɣ on demo-
graphic and biochemical criteria was debatable in various studies [37] [42]-[44].  

Nevertheless, certain considerations need to be addressed in this study. The subjects were selected from an 
outpatient clinic, rather than chosen randomly from the surrounding community. Also, it was hard to differen-
tiate simple association of the polymorphism from the possibility of linkage disequilibrium. Finally, convention-
al categorization of the cases into non-proliferative, pre-proliferative and proliferative DR (with/without macular 
edema) was not performed to avoid impairment of statistical power of the study. Thus, further replication studies 
targeting polygenic and haplotype-based effects with larger population are needed because a single gene has a 
modest effect size on disease susceptibility which is incremented with interaction with other genes and/or envi-
ronmental factors.  

In conclusion, the study reports for the first time the association of C161T polymorphism with DR, implicat-
ing the T-allele in its pathogenesis. In fact, the PPARγ agonists (thiazolidinediones, TZDs) currently used for the 
treatment of insulin resistance are now perceived as novel adjuvant in treatment of ocular diseases. Owing to 
their anti-inflammatory, anti-atherogenic, neuroprotective, and antioxidative effects, TZDS may have therapeu-
tic potential in diabetic microvascular complications such as DR [45]. But still the undesirable side effects of 
TZDs should be weighed against their protective role. Whether TZDs might be more effective or cause fewer 
side effects in patients carrying specific PPARγ polymorphisms is a point of future research in clinical studies 
with the concept of personalized medicine. 
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