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Abstract 

          Background: Peroxisome proliferator activated receptor (PPAR) 

gene, a member of sub family of transcription factors, found to be 

associated with expression of number of genes involved in nutrient 

metabolism. PPAR gamma, one of the subtypes of the PPAR molecule 

suggested playing important role in adipocyte differentiation and gene 

expression. PPARG gene P12A polymorphism found to be associated 

with obesity, insulin resistance and T2DM in different populations. 

Objective: To investigate the role of PPARG gene P12A 

polymorphism in pathogenesis of T2DM subjects.  

                                                             
1 Corresponding author: mahsujon71@gmail.com 
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Methods: Blood samples were collected from 99 newly 

diagnosed T2DM and 91 healthy controls. Glucose-oxidase and enzyme 

linked immunosorbant assay (ELISA) was used. DNA was extracted 

using FAVORGEN spin column blood DNA kit. PPARG gene Pro12Ala 

polymorphism was analyzed by PCR-RFLP method using restriction 

enzyme HaeIII.  

Results: Mean ± SD age of the T2DM subjects was significantly 

higher compared to the controls (p=0.001). BMI (Kg/m2) and insulin 

level in the two groups did not show statistical difference. Insulin-

glucose ratio in the T2DM was significantly lower (p=0.007) compared 

to the controls. Genotype frequencies of the P12A polymorphic allele in 

control were 0.835, 0.165 and 0 for homozygous wild, heterozygous 

variant and homozygous variant respectively. In T2DM subjects, the 

frequencies were 0.778, 0.202 and 0.02 respectively. The genotype 

frequency distribution in the two groups did not show statistical 

significant association (p=0.331).  

Conclusion: PPARG gene Pro12Ala polymorphism is not 

associated with the development of T2DM subjects of Bangladeshi 

origin.  

 

Keywords: PPAR-γ gene, Pro12Ala Polymorphism, IDDM, NIDDM, 

T2DM, MRDM 

 

 

INTRODUCTION: 

 

Diabetes is the heterogeneous group of disorders characterized by 

persistent hyperglycemia, polyuria and polydipsia. Basic defects in the 

pathogenesis of diabetes mellitus found to be defects in pancreatic β-

cell insulin secretion and / or insulin resistance (Reaven, 1998). 

National Diabetic Data Group (NDDG, 1979) first suggested a 

comprehensive classification of diabetes: Two main classes in this 

classification were insulin-dependent diabetes mellitus (IDDM) and 

non-insulin-dependent diabetes mellitus (NIDDM), which has 

subsequently been endorsed by WHO sponsored Study Group with 

minor modification (WHO, 1980). Later in 1985 WHO proposed 

renewed classification which included malnutrition related diabetes 
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mellitus (MRDM) as a third major class of diabetes mellitus. In 1997 

American Diabetes Association (ADA) proposed a revised classification 

of diabetes and subsequently WHO endorsed a classification that is 

widely regarded. More than 90% of all diabetics all over the world are 

of T2DM. However, in American Indian and South Pacific islanders, 

T2DM found to be the only form of the diabetes. Overall prevalence of 

diabetes varies between 15-20% in the world. The highest prevalence 

of T2DM (50%) was found among Pima Indians (41%; male 40% and 

female 42%) and a very low (0-1.4%; male 0% and female 1.4%) was 

observed among the Mapuches population in Chile and the prevalence 

was almost nil in rural and peri-rural population of Papua New Guinea 

(WHO 1994).  

          Diabetes is affecting the human health at an epidemic form. 

However, there is heterogeneity in its prevalence with regards to 

ethnicity. Earlier estimate has predicted that number of total diabetic 

would be 366 million in 2025 (King et al., 1998). Later on Wild et al. 

(2004) have shown that in 2000 there were 250 million diabetics in the 

world and projected to be 500 million in 2030 which is much higher 

than the prior estimate. This surge in number of diabetes found to 

affect people mostly in the developing countries (IDF 2012). Over all 

prevalence of T2DM found to be about 8.3% which however varies in 

different race and regions (IDF 2012). In North American and 

Caribbean, the prevalence of T2DM is 10.5% whereas in Europe 6.7 %, 

Middle East and North Africa 4.3%, and South East Asia 8.7% (IDF 

2012). The growth in total number of diabetic patients in the 

developing and developed countries which has clearly depicted the 

threat posed by fast increasing number of diabetic patients in world. 

It has been shown that in 2030 there will around 11.1 million diabetic 

patients in Bangladesh. Prevalence of diabetes in Bangladesh is also 

shown to be increasing like other countries. In rural Bangladeshi 

population it is found to be 4.3% (Sayeed et al., 2003). However, 

impaired fasting glucose was 12.4% of the study subject. Prevalence of 

T2DM among Chakma population was reported to be 6.66% by the 

same group (Sayeed et al 2003). In another study T2DM prevalence 

was reported as 6.8% (Rahim et al 2007). These reports clearly suggest 

a rising trends of T2DM in the Bangladeshi population. Bhowmik et 

al (2013) has demonstrated that prevalence of T2DM in rural 
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population is 7.9% which is very close to that reported by Rahim et al 

(2008).  

           Three PPARs sub types are so far been well characterized; 

PPAR-alpha, PPAR- gamma, PPAR-delta. PPAR-gamma (PPARG) 

found to be involved in adipocyte differentiation and gene encoding the 

molecule located or chromosome 3p25 in human (Braissant et al 1996; 

Greene et al 1995; Beamer et at., 1997). PPARG found to have three 

isoforms – PPARG1, PPARG2, PPARG 3. Genes encoding PPARG 

isoforms are shown in the schematic diagram. These targets suggest 

that PPARγ influences lipid and glucose metabolism within adipocytes, 

as well as signaling from adipose tissue. PPARγ agonists also reduce 

11β-hydroxysteroid dehydrogenase 1 expression (11β-HSD1) in adipose 

tissue. 11β-HSD1 converts inactive cortisone to bioactive corticosterone 

within tissues, and over expression of this gene in mouse adipose tissue 

induces a ‘Cushingoid state’ in mice, with central Obesity, insulin 

resistance and hypertension (Savage, 2005). Hence, suppression of 11β-

HSD1 by PPARγ agonists might contribute to their insulin sensitizing 

properties. 

 

METHODS: 

 

A case-control study was conducted in the laboratory of the Department 

of Physiology & Molecular Biology, Bangladesh University of Health 

Sciences (BUHS), Dhaka, Bangladesh. Sample size was 190 (blood 

specimen). 91 blood samples from healthy subjects as control and 99 

from T2DM patients as case.  The ethical permission was taken prior 

from the ethical review committee of Bangladesh Diabetic Somitee. The 

details explained to the subjects and written consent was taken before 

collection of samples. The biochemical parameters were analyzed. 

PPARG P12A genotype was determined by polymerase chain reaction-

restriction fragment length polymorphism (PCR-RFLP) method. 

Statistical analysis was performed using Statistical Package for Social 

Science (SPSS) software for Windows version 17.  Data were expressed 

as mean±SD, frequency (number) as appropriate. The statistical 

difference between two groups was assessed by unpaired Student’s ‘t’ 

test. A two-tailed p value of <0.05 was considered statistically 

significant. 
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RESULTS: 

 

Table 1: Age, FG, AG, Insulin BMI and Insulin-Glucose ratio of 

the subjects (n=190) 

Mean ± SD of age in years of the control and T2DM subjects were 

40.2±11.0 and 44.2±9.6 respectively. Mean age of the T2DM group was 

significantly higher (p<0.001) compared to the controls. Mean ± SD 

BMI (Kg/m2) of the control and T2DM subjects were 24.54±4.62 and 

25.22±3.48 respectively. Mean BMI value in the two groups did not 

show statistically significant difference (p=0.281). Mean ± SD SBP of 

the control and T2DM subjects were 113±13 and 114±15 respectively. 

Mean SBP was normal in both two groups.  

 

Variables Control (n=91) T2DM (n=99) t/p value  
Age (year) 40.2±11.0 44.2±9.6 -2600  

BMI (Kg/m2) 24.5±4.6 25.2±3.5 -3.84341637  

SBP (mmHg) 113±13 114±15 -1.028419183  

DBP (mmHg) 75±8 78±11 -28  

FG (mmol/L) 5.1±0.5 11.0±3.8 -13300  

2hAG (mmol/L) 6.5±1.1 18.6±5.7 -14200  

Insulin (µIU/ml) 12.3±5.9 15.5±8.2 -21.25  

Ins-Glu ratio 2.5±1.16 1.6±0.91 2.76/0.007  

 

The results of two groups did not show statistically significant 

difference (p=0.563). The Mean ± SD of both control and case did not 

show statistically significant difference (p=0.066). Regarding the 

fasting glucose (mmol/L) level of the control and T2DM subjects, the 

mean with ± SD were 5.1±1.8 and 11.0±3.8 respectively. That showed 

the fasting glucose value in T2DM group was higher (p<0.001) than 

control. Mean ± SD of 2 hours blood glucose (mmol/L) in T2DM group 

was significantly higher (p<0.001) than control. Mean serum Insulin 

did not show statistically significant difference (p=0.080). Mean (±SD) 

Insulin-Glucose ratio of the control and T2DM subjects was 2.5±1.16 

and 1.64±0.91 respectively. Mean Insulin-Glucose ratio was 

significantly higher in controls compared to the T2DM group controls 

(p=0.007). 
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Table 2:  Distribution of frequency of PPARG gene Pro12Ala 

genotype and allele of control and T2DM subjects (n=190) 

Genotype frequencies of the PPARG gene Pro12Ala polymorphic 

marker allele in control were 0.835, 0.165 and 0 for homozygous wild, 

heterozygous variant (Ht) and Homozygous variant (Hz) respectively. 

In T2DM subjects, the frequencies were 0.778, 0.202 and 0.02 

respectively. The genotype frequency distribution in the two groups did 

not show statistically significant association (p=0.331). 

 

Variable Control (n=91) T2DM (n=99) Total (n=190) 

Genotype    

Wild type (CC) 0.835 (76) 0.778 (77) 0.805 (153) 

Ht variant (CG) 0.165 (15) 0.202 (20) 0.184 (35) 

Hz variant (GG) 0 (0) 0.02 (2) 0.011 (2) 

 χ2=2.39 p=0.303 

Allele frequency    

C 0.918 0.879 0.897 

G 0.083 0.121 0.103 
 χ2=0.995 p=0.331 

 

Chi squared (χ2) test was performed to calculate statistical association. 

P value of <0.05 was considered as statistically significant. 

 

Table 3: Hardy Weinberg Equilibrium of PPARG gene (n=190) 

Hardy Weinberg Equilibrium for PPARG gene P12A variant allele 

among the total study subjects was tested. No significant association 

for equilibrium was observed (p=0.999). 

 

N Observed CC CG GG χ2/p 

Total  
190 153 35 2 1.071/0.999 

  

P 0.897 

 Q 0.103 

 

Chi square (χ2) test was performed to calculate statistical association. 

CC, Homozygous wild; CG, Heterozygous variant GG, Homozygous 

variant.  
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Table 4: Distribution of clinico-biochemical variables in the 

controls and T2DM with wild and variant genotype (n=190) 

Mean (±SD) Age (years) in controls with candidate gene wild and 

variant allele was 39.8±10.7 and 42.6±12.5 respectively. The value did 

not show any statistically significant difference (p=0.431). In T2DM 

subjects the value was 43.9±9.9and 45.3 ±8.2 respectively which did not 

show any statistically significant difference (p=0.574). Mean (±SD) BMI 

in controls candidate gene with wild and variant allele was 24.5±4.6 

and 24.5±5.1 respectively. The value did not show any statistically 

significant difference (p=0.955). In T2DM subjects the value was 

25.1±3.4 and 25.7±3.8 respectively which did not show any statistically 

significant difference (p=0.472). Mean (±SD) SBP in controls with 

candidate gene wild and variant allele was 113±13 and 112±14 

respectively. The value did not show any statistically significant 

difference (p=0.810). In T2DM subjects the value was 114±15and 

114±15 respectively which did not show any statistically significant 

difference (p=0.918). Mean (±SD) DBP in controls with candidate gene 

wild and variant allele was 74.6±8.4 and 76.6±16.2 respectively. The 

value did not show any statistically significant difference (p=0.663). In 

T2DM subjects the value was 77.8±9.2 and 76.6±16.2 respectively 

which did not show any statistically significant difference (p=0.663). 

Mean (±SD) fasting glucose (mmol/L) level in controls with candidate 

gene wild and variant allele was 11.2±3.8 and 10.2±3.8 respectively. 

The value did not show any statistically significant difference 

(p=0.292). In T2DM subjects the value was 11.2±3.8 and 10.1±3.8 

respectively which did not show any statistically significant difference. 

Mean (±SD) A.G. in controls with candidate gene wild and variant allele 

was 18.6±5.6 and 18.5±5.6 respectively. The value did not show any 

statistically significant difference (p=0.987). In T2DM subjects the 

value was 18.6±5.6 and 18.5±5.6 respectively which did not show any 

statistically significant difference. 
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Clinico-biochemical variables in the 

controls and T2DM subjects with wild and 

variant genotype          

Variables Control 

  Wild (67) Variant (11) t/p 

Age (yrs) 39.8±10.7 42.6±12.5 -1.837587007 

BMI (Kg/m2) 24.5±4.6 24.5±5.1 0.0570/.955 

SBP (mHg) 113.1±13.3 112±14 0.241/0.810 

DBP (mmHg) 74.6±8.4 75.6±8.1 0.437/0.663 

Fasting (mmol/L) 11.2±3.8 10.2±3.8 1.059/0.292 

2 h A G  (mmol/L) 18.6±5.6 18.5±5.6 0.017/0.987 

Ins-glu ratio 2.51±1.18 2.51±1.10 0.013/0.989 

T2DM 

  Wild (77) Variant (21)   

Age (yrs) 43.9±9.9 45.3±8.2 -0.984320557 

BMI (Kg/m2) 25.1±3.4 25.7±3.8 -1.531779661 

SBP (mmHg) 114±15 114±15 0.103/0.918 

DBP (mmHg) 77.8±9.2 76.6±16.2 0.437/0.663 

Fasting glucose (mmol/L) 11.2±3.8 10.1±3.8 1.059/0.292 

2 hours After (mmol/L) 18.6±5.6 18.5±5.6 0.017/0.987 

Ins-Glu ratio 1.53±0.962 1.83±0.861 -1.209039548 

 

DISCUSSION: 

 

In the present study PPARG gene Pro12Ala variant was determined in 

99 newly diagnosed type 2 diabetes mellitus subjects and 91 healthy 

volunteers. PPARG gene P12A has been found to modulate gene 

transcriptional activity (Deeb et al. 1998) and associated with altered 

insulin sensitivity (EK 2001). Among the reported PPARG gene various 

P12A has been widely studied. It has been reported that Ala12 variant 

is associated with decreased body mass index (Bouhaha et al., 2008; 

Rosado et al., 2007; Damcott et al., 2004). The genotype frequency 

distribution in the two group did not showed significant association (p= 

0.331). Allele frequencies of the polymorphic marker also did not 

significant association (p = 0.303). Unbiased collection of subjects in the 

present study was confirmed by lack of deviation of Hardy-Weinberg 

Equilibrium from the allele (P12A) in the study subjects. The variant 

12Ala frequency was around 11% in the present study which is almost 

similar to that of European and European derived population also that 

(Mattevi et al., 2007, Soskic et al., 2010 and Costa et al., 2009), which 

support the findings of the present study. Serum insulin level in T2DM 

group was higher but did not show statistically significant difference 

(p=0.080) but working of insulin-glucose ratio unmasked the significant 

level of secretory defect (p=0.007) in the T2DM group. The present data 

reconfirmed the previous findings that secretory defect present along 
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with insulin resistance present in T2DM of Bangladeshi population 

(Roy et al., 2007).  

 

CONCLUSIONS: 

 

PPARG gene Pro12Ala polymorphism is not associated with the 

development of T2DM subjects of Bangladeshi origin.  
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