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Abstract: Background: Peroxisome proliferator-activated receptors y (PPAR y) and overweight were both associated
with diabetic retinopathy (DR), so the aim of this study was to investigate the association of four single nucleotide
polymorphisms (SNPs) of PPAR y with DR and additional role of gene-BMI interaction. Methods: A total of 500 pa-
tients with T2DM (236 men, 264 women), with a mean age of 54.3 + 15.8 years old, were selected, including 247
diabetic retinopathy patients and 253 controls. Four SNPs were selected for genotyping in the case-control study:
rs1805192, rs709158, rs3856806, rs4684847. Logistic regression model was used to examine the interaction
between SNP and overweight on DR, odds ratio (OR) and 95% confident interval (95% Cl) were calculated. Results:
The carriers of C allele of the rs1805192 polymorphism revealed decreased DR risk than those with Pro/Pro vari-
ants (Pro/Ala+Ala/Ala versus Pro/Pro, adjusted OR (95% Cl)=0.86 (0.65-0.96), P=0.012), after adjusting for covari-
ates. We also found that obese subjects with Pro/Ala or Ala/Ala variants genotype have lowest DR risk, compared to
obese subjects with Pro/Pro genotype or non- obese subjects with Pro/Ala or Ala/Ala (OR=0.40, 95% CI=0.32-0.63),
after covariates adjustment. Conclusions: Our results support an important association between rs1805192 minor
allele (Ala allele) of PPAR y and DR, the interaction analysis shown a combined effect of Ala- BMI interaction on DR.
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Introduction

Diabetic retinopathy (DR) is a long term compli-
cation of diabetes mellitus (DM) and a signifi-
cant cause of blindness and ocular morbidity in
developed nations. DR is characterized as a
micro-vascular complication of diabetes and is
always accompanied with other macro- and
micro-vascular complications of diabetes [1-3].
DR is associated with both environmental and
genetic factors. Several metabolic abnormali-
ties are implicated in its pathogenesis. Some
single nucleotide polymorphisms (SNPs) have
been suggested as the candidate genes in DR
etiology, such as peroxisome proliferator-acti-
vated receptor y (PPAR y) family [4, 5], which is
a nuclear transcription factor involved in adipo-
cyte differentiation, glucose and lipid metabo-
lism, and fatty acid transport. Some studies
indicated that rs1805192 SNP plays a key role
in regulating the expression of numerous ge-
nes involved in lipid metabolism, metabolic sy-

ndrome, inflammation, and atherosclerosis [6,
7]. Some environmental risk factors for DR are
suggested, such as duration of diabetes, hyper-
tension and so on. However, the association
between body mass index (BMI) and DR is
inconsistent [8-11]. Recently, lower DR preva-
lence was reported in patients with higher BMI
[12, 13] in different populations, including
Chinese. So the aim of this study was to investi-
gate the association of PPAR y, BMI and addi-
tional interaction on DR, based on a Chinese
case-control study.

Materials and methods
Subjects

This was a case-control study. Chinese patients
with type 2 diabetes (T2DM) were consecutively
recruited between January 2013 and December
2014 from the Fourth people’s hospital of
Shenyang City in Liaoning Province, China. A
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Table 1. Probe sequence for four SNPs used for Tagman fluorescence probe analysis

SNP rs number  Chromosome  Position Probe sequence

C13417 rs3856806 3 12415557 5-GGTTGACACAGAGATGCCATTCTGG[C/G]CCACCAACTTTGGGATCAGCTCCGT-3’
Intron A>G rs709158 3 12403176 5-AGATACGGGGGAGGAAATTCACTGG[A/G]TTTTACAATATATTTTTCAAGGCAA-3’
Pro12Ala rs1805192 3 12361238 5'-ACCTCAGACAGATTGTCACGGAACA[C/TIGTGCAGCTACTGCAGGTGATCAAGA-3’
Intron C>T  rs4684847 3 12326337 5'-ATTTATTTAAATCATCTCTAATTCT[C/TJACAACTCCGAAAAGATAAGAAAACA-3’

Table 2. General characteristics of study participants in case and control group

Variables Total (n=500) DR cases group (n=247)  Control group (n=253) P-values
Age (years) 54.3+15.8 53.70 £ 16.8 55.4 + 16.2 0.320
Males N (%) 236 (47.2) 112 (45.3) 124 (49.0) 0.411
Smoke N (%) 176 (35.2) 92 (37.2) 84 (33.2) 0.399
Alcohol consumption N (%) 280 (56.0) 144 (58.3) 136 (53.8) 0.356
Duration of diabetes 7.3 +3.7 8.6+4.8 6.4+4.3 <0.001

High fat diet N (%) 210 (42.0) 106 (42.9) 104 (41.1) 0.751

Low fiber diet N (%) 204 (40.8) 108 (43.7) 106 (41.9) 0.752

High salt diet N (%) 136 (27.2) 71 (28.7) 65 (25.7) 0.514
Occupational activity N (%) 0.273

Full mental labour 63 (12.6) 34 (13.8) 29 (11.5)

Main mental labour 108 (21.6) 50 (20.2) 58 (22.9)

Main physical labour 203 (40.6) 93 (37.7) 110 (43.5)

Full physical labour 126 (25.2) 70 (28.3) 56 (22.1)
WC (cm) 86.9 + 6.4 86.1+10.8 87.8 + 10.5 0.075
BMI (kg/m?) 26.1+6.5 25.8+6.7 27.3+6.2 0.009
FPG (mmol/L) 83+19 84+26 82+23 0.362
TG (mmol/L) 1.9 (1.2-2.4) 2.1(1.2-2.3) 1.8 (1.1-2.5) 0.278
TC (mmol/L) 490+ 1.12 54+1.1 48+1.1 <0.001
HDL (mmol/L) 1.29 + 0.30 1.24 + 0.33 1.31+£0.27 0.009

Note: median and inter quartile for TG; means + standard deviation for age, FPG, TC, HDL-C; TC, total cholesterol; HDL, high
density lipoprotein; LDL, low density lipoprotein; FPG, fast plasma glucose; TG, triglyceride.

total of 500 patients with T2DM (236 men, 264
women), with a mean age of 54.3 + 15.8 years
old, were selected, including 247 diabetic reti-
nopathy patients and 253 controls. Informed
consent was obtained from all patients and
healthy donors.

Body measurements

Data on demographic information, lifestyle ri-
sk factors for all participants were obtained
using a standard questionnaire administered
by trained staffs. Body weight, height, was
measured, and BMI was calculated as weight in
kilograms divided by the square of the height in
meters. Blood samples were collected in the
morning after at least 8 hours of fasting. All
plasma and serum samples were frozen at
-80°C until laboratory testing. Plasma glucose
was measured using an oxidase enzymatic
method. All analysis was performed by the
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same lab. The method of investigation at the
follow up was same as that at baseline.

Genomic DNA extraction and genotyping

Four SNPs were selected for genotyping in
the case-control study: rs1805192, rs709158,
rs3856806, rs4684847. Genomic DNA from
participants was extracted from EDTA-treated
whole blood, using the DNA Blood Mini Kit
(Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. Four SNPs were
detected by Tagman fluorescence probe. Probe
sequences of four SNPs were shown in Table 1.
ABI Prism7000 software and allelic discrimina-
tion procedure was used for genotyping of fore-
mentioned four SNPs. A 25 ul reaction mixture
including 1.25 ul SNP Genotyping Assays (20x),
12.5 yl Genotying Master Mix (2x), 20ng DNA,
and the conditions were as follows: initial dena-
turation for 10 min and 95°C, denaturation for
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Table 3. Genotype and allele frequencies of four SNPs between

case and control group

Overweight was defined by
using WHO criteria for Asian

Frequencies N (%)

Case Control
(n=247)  (n=253)

Genotypes

SNPs and Alleles

OR (95% CI®  P-values

populations: BMI value >24
kg/m? [15].

Statistical analysis

rs3856806 cC 125 (50.6) 131 (51.8)

CT 100 (40.5) 97 (38.3) 0.92(0.66-1.22)
9) 25(9.8) 1.03(0.64-1.71)
122 (48.1) 0.95 (0.73-1.26) 0.840

(
T 2 (8.
CT+TT 122 (49.4)
c 350 (70.8) 359 (70.9)
T 144 (29.2) 147 (29.1)
rs709158 AA 120 (48.6) 126 (49.8)

AG 93 (37.6) 90(35.6) 1.12(0.97-1.47)
GG 34 (13.8) 37 (14.6) 0.98 (0.83-1.31)

0.858
The mean and SD for normally

distributed continuous vari-
ables, and percentages for
categorical variable, were cal-

0.941 culated and compared bet-
ween case and control group
0.356 participants. The genotype

and allele frequencies were
obtained by direct count. Ge-

AG+GG 127 (51.4) 117 (50.2) 1.06 (0.92-1.43) 0.433 ;gmzeai'jtég’n‘{[tr'glzsvdzrzF;\E’;‘

A 333 (67.4) 342 (67.6) 0.156 sated by 2 test using SPSS

G 161 (32.6) 164 (32.4) (version 19.0; SPSS Inc., Ch-

rs1805192 PP 144 (58.3) 118 (46.6) 0.010 icago, IL). Hardy-Weinberg eq-
PA 85 (34 4) 100 (39.5) 0.92 (0 71-1.24) uilibrium (HWE) was perfor-

AA 3) 35(13.8) 0.81(0.62-0.93) med by using SNPStats (av-

PA+AA 103 (41.7) 135 (53.3) 0.86 (0.65-0.96) 0.012 ailable online at http://bioin-

75. 0.002 fo.iconcologia.net/SNPstats).

Ala 121 (24.5
rs4684847 cC

170 (33.6

8 (7.

(

Pro 373 (
(

154 (62.3) 160 (63.2

7) )
5) 336 (66.4)
) )

)

CT 73(29.6) 78(30.8) 0.98(0.71-1.36)
T 20(8.1) 15(5.9) 1.07 (0.80-1.36)
CT+TT 189 (36.9) 93(36.7) 1.02(0.78-1.32) 0.96

c 381 (77.1) 398 (78.6)
T 113 (22.9) 108 (21.4)

Logistic regression model wa-
s used to examine the interac-
tion between SNP and over-
weight on DR, odds ratio (OR)
and 95% confident interval
(95% Cl) were calculated. Od-
0.34 ds were adjusted for gender,

age, smoke and alcohol sta-

0.92

aAdjusted for gender, age, smoke and alcohol status, high fat diet, low fiber diet, TC,

HDL.

15 s and 92°C, annealing and extension for 90
s and 60°C, 50 cycles.

Diagnostic criteria

Diagnosis of diabetes at baseline for a fasting
glucose was =126 mg/dl (7.0 mmol/l) or if
hypoglycemic therapy (oral agents or insulin)
had been executed. During the follow-up, the
criteria for the diagnosis of T2DM included a
fasting glucose >126 mg/dl (7.0 mmol/I), ora 2
h postprandial blood glucose 2200 mg/dl (11.0
mmol/I), or if hypoglycemic therapy (oral agents
or insulin) had been started in the interim.

DR [14] was diagnosed with the presence of
retinal hemorrhages, exudates and macular
edema. Neuropathy was diagnosed in the pres-
ence of persistent numbness, paresthesia,
loss of hearing of the tuning fork and sense of
vibration.
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tus, high fat diet, low fiber
diet, TC, high density lipopro-
tein (HDL).

Results

A total of 500 patients with T2DM (236 men,
264 women), with a mean age of 54.3 + 15.8
years old, were selected, including 247 diabetic
retinopathy patients and 253 controls. Par-
ticipants characteristics stratified by cases and
controls are shown in Table 2. The distributions
of males, smoking, alcohol consumption, high
fat diet, low fiber diet, high salt diet and occupa-
tional activity were not different between cases
and controls. The mean of duration of diabetes,
BMI, TC and HDL were significantly different
between cases and controls.

All genotypes were distributed according to
Hardy-Weinberg equilibrium. There were signifi-
cant differences in rs1805192 alleles and gen-
otypes distributions between cases and con-
trols (Table 3). The frequencies for Ala allele of
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Table 4. Interaction analysis for rs1805192 and over-

weight on DR by using logistic regression

association between rs1805192 and
DR are inconsistent. Zhang et al. [17]

indicated that no significant associa-

) Number of
rs1805192 Overweight subjects OR (95% Cl)*  P-values tions were found between polymor-
PP No 104 1.00 phisms in the PPAR y genes and DR or
PA or AA No 72 0.91(0.68-1.10) 0.105 EDR n "“T C_h'”tes‘la EDM p‘:p;'at'on'
PP Yes 30  0.82(0.59-0.93) 0.010 owever, Tariq et al. [18] reported a pro-
tective role of the 12Ala polymorphism
PA or AA Yes 31 0.40 (0.32-0.63) <0.001

against proliferative DR in individuals

2Adjusted for gender, age, smoke and alcohol status, high fat diet, low

fiber diet, TC and HDL-C. P: Pro; A: Ala.

rs1805192 was higher in controls (33.6% in
controls and 24.5% in DR subjects, P=0.002).
Logistic analysis showed that the association
between genotypes of variants in rs1805192
and decreased DR risk, after adjustment for
gender, age, smoke and alcohol status, high fat
diet, low fiber diet, TC, HDL, DR risk was signifi-
cantly lower in individuals with rs1805192-Ala
allele (P values<0.05). The carriers of C allele
of the rs1805192 polymorphism revealed de-
creased DR risk than those with Pro/Pro vari-
ants (Pro/Ala+Ala/Ala versus Pro/Pro, adjusted
OR (95% CI)=0.86 (0.65-0.96), P=0.012). How-
ever, we did not find any significant association
between other three SNPs and DR before or
after covariates adjustment.

In order to obtain the odds ratios and 95% Cl
for the joint effects of rs1805192 genotype
and overweight on DR, we conducted interac-
tion analysis between rs1805192 and over-
weight. We found that obese subjects with Pro/
Ala or Ala/Ala genotype have lowest DR risk,
compared to obese subjects with ProPro geno-
type or non- obese subjects with Pro/Ala or Ala/
Ala (OR=0.40, 95% CI=0.32-0.63), after adjust-
ment for gender, age, smoke and alcohol sta-
tus, high fat diet, low fiber diet, TC and HDL-C
(Table 4).

Discussion

The result of this study indicated that rs-
1805192 minor allele (Ala allele) of PPAR vy is
significantly associated with lower DR risk,
However, we did not find any association bet-
ween the others SNPs (rs709158, rs3856806,
rs4684847) and DR. Although many studies
have taken a candidate gene approach to in-
vestigate the genetic etiology of DR, implicating
the potential candidate genes in DR etiology,
which include genes for rs1805192 polymor-
phism of PPAR y [16], however the results of
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with T2DM in Pakistan. Malecki et al.
[16] indicated that the Ala variant of
the rs1805192 polymorphism of PPAR
gamma might be associated with decreased
risk of DR in T2DM. This effect may be indirect,
at least in part, due to diabetic kidney disease.
In our study, we obtained the same results with
these studies.

DR is associated with both environmental and
genetic factors. Several metabolic abnormali-
ties are implicated in its pathogenesis, such as
duration of diabetes, glycaemic control, hyper-
tension, and other environmental factors. Re-
cently, more and more studies focused on the
association between obesity/overweight and
DR. Although Sen et al. [19] did not obtained a
significant association between BMI and DR.
Lu et al. [20] indicated that overweight patients
have lower DR prevalence than normal weight
individuals, which may be attributable to better
b cell function in overweight patients. Abou-
galambou et al. [21] also suggested that BMI
was negatively associated with diabetic reti-
nopathy among type 2 diabetes patients at
teaching hospital in Malaysia. In this study, we
found that the DR cases have lower BMI level.
In the interaction analysis, we also found a sig-
nificant interaction between rs1805192 and
overweight on DR.

Tawfik et al. [22] indicated that Suppression
of PPAR vy is involved in the pathogenesis of
diabetic retinopathy, suppression of PPAR vy is
downstream from NADPH oxidase activation in
diabetic and ischemic retinopathies. Suppre-
ssion of PPAR y leads to activation of the NF, B
signaling pathway, including the up regulati-
on of intercellular adhesion molecule-1 (ICAM-
1), increased leukocyte-endothelial interaction,
and retinal vascular dysfunction, which could
be beneficial in preventing retinal vascular
damage induced by hyperglycemia. Increased
BMI was associated with greater pancreatic B
cell mass and higher C-peptide (CP) levels [22,
23]. Moreover, higher fasting C-peptide (FCP)

Int J Clin Exp Med 2015;8(11):21647-21652



PPAR gamma and diabetic retinopathy

and postprandial CP reduce DR risk in both
type 1 and type 2 diabetes [24-26]. Therefore,
it is plausible that the coexistence of Ala allele
of PPAR y and overweight contribute to the low-
est DR risk, and as observed in this study.

Several limitations of this study should be con-
sidered. Firstly, only four SNPs of PPAR y gene
were chosen. The limited SNPs were not suffi-
cient to capture most genetic information of
PPAR y, more SNPs should be included in the
further studies. Secondly, there was a relatively
small sample size in the study, though the num-
ber of study participants met the requirement
for analysis, other larger sample studies should
be conducted in the future. Thirdly, we did not
obtain any information on sugar dietary, which
should be included in the analysis of future
study.

In conclusion, our results support an important
association between rs1805192 minor allele
(Ala allele) of PPAR y and DR, the interaction
analysis shown a combined effect of Ala- BMI
interaction between rs1805192 and over-
weight on DR.
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