
www.wjpls.org 

 

104 

Raj et al.                                                  World Journal of Pharmaceutical and Life Sciences 

 

 

 
 

POLYMORPHISMS OF PEROXISOME PROLIFERATOR-

ACTIVATED RECEPTORS (PPARS) IN OBESITY AND TYPE 2 

DIABETES MELLITUS (T2DM) 

 

Resal Raj
1
*, Jasvinder Singh Bhatti

2
, Sanjay Kumar Bhadada

3
, Pramod W. Ramteke

4
 

 
1
Department of Computational Biology & Bioinformatics, Sam Higginbottom Institute of 

Agriculture, Technology and Sciences, Allahabad. 

2
Department of Biotechnology & Bioinformatics, SGGS College, Sector 26 Chandigarh. 

3
Department of Endocrinology, PGIMER, Chandigarh. 

4
Department of Biological Sciences, Sam Higginbottom Institute of Agriculture, Technology 

and Sciences, Deemed to be University, Allahabad. 

 

Article Received on 30/01/2016            Article Revised on 20/02/2016         Article Accepted on 12/03/2016 

ABSTRACT 

Background: Analysis of clinical, anthropometric and genetic of 

T2DM is required for better therapeutic application. Analysis of 

PPARs and their disease susceptible and protective aspect is most 

important for reducing the complications of T2DM. T2DM and obesity 

are polygenic environmental disorders and both are highly associated 

with anthropometric, clinical and genetic factors in many ethnic 

groups. Since diet is risk factor for the disorders, identifying the genes  

that are regulated by the diet may give a better insight to the diagnostics and therapeutics of 

both, Obesity and T2DM. Genes control vital metabolic pathways and identifying gene 

polymorphisms may be an effective treatment but the genes associated with one population 

however fail to be associated with other populations. This is because of the difference in the 

expression frequency of disease susceptible alleles in different populations due to changes in 

the environmental factors. This type of different expression profile and genetic variation exit 

in all genes, PPAR γ/α/δ, since PPARs are linked with diet and environmental factors. 

Although all the polymorphisms of PPARs are associated with obesity and T2DM, this article 

has a broad review on Pro12Ala polymorphism of PPAR γ which is associated with 
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hypertension, physical activity, increased insulin clearance, lipid profile, adiposity in adults 

and children etc. Moreover, Ala allele carriers have protective effect against metabolic 

syndromes and T2DM because Ala allele is associated with high intake of oleic acid or 

polyunsaturated fatty acids (PUFA), high hepatic glucose uptake (GU), low body mass index 

(BMI), etc. In conclusion, PPARs (alpha, gamma and delta) are strongly associated in the 

susceptibility to obesity and T2DM with a minor protective effect of Ala allele on T2DM 

subjects. PPAR gamma also shows beneficial effect due to gene-diet interaction.   

 

KEYWORDS: Polymorphisms, obesity, type 2 diabetes mellitus, lipid profile. 

 

1. INTRODUCTION 

T2DM is a polygenic environmental disorder mainly due to high caloric diet intake, high 

abdominal fat storage and insulin resistance. Food affects the expression of genes
[1]

 in 

individuals and both diet and genes alter health of individuals because genes are regulated by 

diet and some diets are risk factors for diseases.
[1,2]

 It is known fact that high LDL-C (Low 

Density Lipoproteins Cholesterol), high TG (Triglyceride) and low HDL-C (High Density 

Lipoprotein Cholesterol) are strong predictable factors for obesity, CVD (cardiovascular 

diseases) and T2DM.
[3]

 Formation of H2O2 in peroxisomes is responsible for NEFA (Non-

Esterified Fatty Acids)-induced toxicity and elevated levels of NEFAs contribute to 

lipotoxicity, β-cell dysfunction and β-cell loss.
[4]

 Susceptibility to T2DM may be due to 

environmental
[5,6]

 clinical
[7]

 and genetic risk factors.
[8]

 The phenotypes of T2DM (BMI, blood 

pressure, serum insulin and glucose level and plasma lipid profile), the metabolic syndromes 

(hyperglycemia, dyslipidemia, hypertension, hyperadiponectemia) and islet inflammation 

(role of immune cell mediated inflammation early in the disease pathogenesis targeting the 

slowing down of immune system due to loss of beta cells)
[9]

 are also associated to the 

development of T2DM. Identifying genes that are regulated by diet in an individualized 

intervention and a β-cell Genetic Risk Score (β-GRS)
[10]

 would be better diagnostic tools for 

the disorders. 

 

2. FACTORS THAT INCREASE SUSCEPTIBILITY TO OBESITY AND T2DM 

The risk factors are physical inactivity related abnormalities and clinical associated risk 

factors (cholesterol, triglycerides etc.) apart from genetic risk factors. Physical inactivity is 

linked with obesity, insulin resistance and T2DM.
[11]

 Effects of exercise and lack of exercise 

provide evidence about insulin action, sensitivity and responsiveness.
[12]

 Out of the risk 

factors associated with T2DM, alcohol consumption, smoking and physical inactivity–
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induced insulin resistance
[13]

 in skeletal muscle
[14]

 play a major role in the susceptibility to 

T2DM and there are much differences observed in insulin secretion and  sensitivity in 

NAFLD (Non-Alcoholic Fatty Liver Disease) in T2DM.
[15]

 However, new alcohol drinkers in 

middle age and drink rarely may experience benefit in CVD and diabetic complication
[16]

 

whereas rare and light drinkers after moderately increasing alcohol consumption over short 

period of time are associated with lower risk of T2DM.
[17]

 Moreover, cigarette smoking and 

smoking cessation lead to higher short-term risk of T2DM.
[18]

 

  

Cholesterol plays an important role in membrane organization dynamics and function.
[19]

 

Visceral obesity is associated with high plasma TG and low plasma HDL-C.
[20]

 There is a 

link between elevated serum cholesterol and reduced insulin secretion.
[21]

 Moreover, the 

direct effect of cholesterol on β-cell metabolism may contribute in β-cell dysfunction and the 

onset of T2DM in obese patients.
[21]

 Obese patients have elevated plasma cholesterol which 

can regulate signal transduction and gene expression through cholesterol activated 

transcription factors in adipocytes.
[22]

 Excess cellular cholesterol is directly linked to reduced 

Glucose Stimulated Insulin Secretion (GSIS) and the normal secretion of insulin can be 

restored after the cholesterol depletion from the cell.
[21]

 Therefore, regulation of cellular 

cholesterol may improve GSIS in pancreatic β-cell.
[21]

  

 
Figure 1: Role of Cholesterol to the susceptibility of T2DM. 

 

3. PREVALENCE OF T2DM 

The prevalence of diabetes in all age-groups worldwide is estimated to be 2.8% in 2000 and 

4.4% in 2030. The compiled table below has two parts, diabetic projection between 2000 and 

2030 and 2010 and 2030. The table has only top 10 countries which have the highest 

projected diabetic population in 2000, 2010 and 2030 with rank starting from 1 to 10. 
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Diabetic population of countries in 2010 differ from 2000 and the projection for the year 

2030, table 1. In the year 2000
[23]

, Germany and Mexico were not in the list of top 10 

countries (having highest diabetic population) but in 2010 projections
[24]

, Italy and 

Bangladesh were not in the list of top 10 countries (having highest diabetic population). 

Moreover, the diabetic population of Indonesia has declined in 2010 from 2000.  

 

Table 1: Prevalence of diabetes predicted in 2000 and 2010 for 2030. 

 

Projection between 2000 and 2030 

People with diabetes (millions)
[23]

 

Projection between 2010 and 2030 

People with diabetes (millions)
[24]

 

Rank Country 2000 Country 2030 Country 2010 Country 2030 

1. India 31.7 India 79.4 India 50.8 India 87.0 

2. China 20.8 China 42.3 China 43.2 China 62.6 

3. U.S.A 17.7 U.S.A 30.3 U.S.A 26.8 U.S.A 36.0 

4. Indonesia 8.4 Indonesia 21.3 
Russian 

Federation 
9.6 Pakistan 13.8 

5. Japan 6.8 Pakistan 13.9 Brazil 7.6 Brazil 12.7 

6. Pakistan 5.2 Brazil 11.3 Germany 7.5 Indonesia 12.0 

7. Brazil 4.6 Bangladesh 11.1 Pakistan 7.1 Mexico 11.9 

8. 
Russian 

Federation 
4.6 Japan 8.9 Japan 7.1 Bangladesh 10.4 

9. Italy 4.3 Philippines 7.8 Indonesia 7.0 
Russian 

Federation 
10.3 

10. Bangladesh 3.2 Egypt 6.7 Mexico 6.8 Egypt 8.6 

 

Diabetes prevalence is very high in India, age group between 20 to 40 years
[25]

 and all over 

the world (
[26]

, projection for the year 2035) and is also evident from the various means of 

deaths
[27]

, therefore, a genetic analysis of the problem is very important and urgent. 

 

4. PEROXISOME PROLIFERATOR-ACTIVATED RECEPTORS (PPARs) 

PPARs are super-family nuclear receptors associated with normal and disease related 

processes such as lipid metabolism, inflammation etc.
[28]

 The isoforms of PPARs are PPAR 

alpha (α), PPAR delta (δ) and PPAR gamma (γ). Evident suggests that PPAR-α/δ/γ 

polymorphisms may contribute to the risk of hypertriglyceridemia independently or in an 

interactive manner.
[29]

 The above table 2 gives a brief summary of study of different 

polymorphisms of PPARs in different ethnic groups. 
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Table 2: Polymorphisms of PPARs in different ethnic groups with different disorders.  

Population Gene 
Polymorp

hism 

Specificity of 

Study 

Disorder 

/Metabolic 

Syndrome 

Reference  

Japanese men PPAR γ2 Pro12Ala 
Effect on 
Adiposity and 

insulin sensitivity 

  (Mori et al., 1998) 

Caucasian PPAR γ2 Pro12Ala Association Obesity (Beamer et al., 1998) 

Korean PPAR γ2 Pro12Ala 
Significance of 
Mutation 

  (Oh et al., 2000) 

Caucasian PPAR γ2 Pro12Ala 
Insulin 

Sensitivity 

Glucose 

Tolerance 
(Ek et al., 2001) 

Japanese and + 

Americans 
PPAR γ2   Differential effect T2DM (Nemoto et al., 2002) 

Male Caucasian PPAR γ2 Pro12Ala 

Association 

(Cholesterol and 
Low Density 

Lipoproteins 

T2DM (Zietz et al., 2002) 

Finnish PPAR γ2 Pro12Ala 

Association study 

with body weight 
change 

T2DM (Lindi et al., 2002) 

Polish  PPAR γ2 Pro12Ala   T2DM (Malecki et al., 2003) 

Japanese men PPAR γ2 Pro12Ala Low adiponectin   (Takata et al., 2004). 

Hispanic, Non-

Hispanic White 

women 

PPAR α C161-- >T Association 
Insulin 
Resistance 

(Moffett et al., 2005) 

African 

American and 

whites 

PPAR γ2 Pro12Ala Inverse effect Adiposity (Fornage et al., 2005) 

Chinese Han PPAR γ2 Pro12Ala Association 
Myocardial 
Infection 

(Li et al., 2006) 

Chinese Women PPAR α   

Association 

(Lipid & dietary 

polyunsaturated 
fatty acid).  

  (Chan et al., 2006) 

Non-Hispanic 

Whites  
PPAR γ   

Association with 

Physical activity 
T2DM (Nelson et al., 2007). 

Chinese PPAR γ2 Pro12Ala Association Hypertension (Lu et al., 2008) 

Spanish 
Mediterranean  

PPAR α & 
PGC-1 

L162V & 
G482S 

Association with 

alcohol 

consumption 

  (Francès F,  2008 ) 

African-

Americans 
PPAR α   

Association 

(apolipoprotein 

and triglyceride) 

  (Shin et al., 2008) 

Danes PPAR γ2 Pro12Ala Prospective study ACS (Vogel et al., 2009) 

Palestinian PPAR γ2 Pro12Ala 

Effect on 

Metabolic and 

Clinical 
Characteristics  

T2DM (Ereqat S, 2009). 

Tunisian  PPAR γ2 Pro12Ala 
Gender-Specific 

effect 
Obesity (Ben Ali et al., 2009) 

Brazilian PPAR α   
Association 
(serum lipid) 

  (Chen et al., 2010) 

file:///C:/Users/res/Desktop/table%201.xlsx%23RANGE!_ENREF_9
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Chinese PPAR γ2 Pro12Ala 

Association with 

lipid and 
lipoproteins 

  
(Chang-Quan et al., 

2011). 

Iranian  PPAR γ2 Pro12Ala 
Relation to  

Pioglitazone 

Insulin 

Resistance 
(Namvaran et al., 2011) 

Greek Children PPAR γ2 Pro12Ala 
Age-dependent 
and diet- 

modified 

Obesity  (Dedoussis et al.,2011). 

Chinese  PPAR δ & γ   
Gene-Gene 

interaction 
Obesity (Ding et al., 2012) 

Chinese Han PPAR α/δ/γ   
Gene-Gene 

interaction 

Hypertriglyceri

demia 
(Gu et al., 2013) 

Brazilian PPAR α &γ2     

Nonalcoholic 

fatty liver 
disease  

(Domenici et al., 2013) 

Indian PPAR γ   Role  T2DM 
(Arup Kumar Pattanayak, 

2014) 

Chinese Han PPAR α & γ   As risk factors Dyslipidemia (Shu-Jun Gu, 2014). 

 

4.1 Allele frequency of PPARs 

The distribution of genotypes of PPARs is different in different ethnic groups, diseased and 

controls and sexes, men and women. However, separate analysis by gender reveals that obese 

men have significantly higher frequency of Pro/Ala genotypes compared to controls but not 

in women subjects. Ala allele is significantly more frequent in males than in females.
[30]

 The 

Ala allele frequencies are distributed according to a latitudinal trend (In Europe, Ala allele 

frequency is highest in the northern and central European populations and lowest is in the 

Mediterranean populations). Environment may have influenced the difference in distribution 

of the Ala allele in Europe. Considering the world populations, a significant inverse 

relationship between Ala allele frequency and T2DM prevalence is observed due to changes 

in the environmental factors and dietary habits which may interfere with genes.
[31]

 The 

frequency of the Pro12Ala polymorphism in the Polish population studied is similar to that in 

other Caucasian populations.
[32]

 Ala allele frequency is lowest in patients with both T2DM 

and hypertension, followed by patients with either T2DM or hypertension and highest in 

subjects without these conditions.
[33]

 The frequency of the V allele of the L162V 

polymorphism of PPAR α is four times higher in men than women.
[34]

 This confirms that 

different ethnic groups have different environment and diet, therefore the expression level of 

each allele of a polymorphism of a particular gene of a particular ethnic group differs, table 3.  
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Table 3: Allele frequency of different polymorphisms of PPARs in different ethnic 

groups. 

Population 
Gene & 

Polymorphism 

Allele frequency in 

Patients (%) 

Allele frequency in 

Control (%) 
Ref. 

Polish  PPARγ2, Pro12Ala Pro/Ala, 83.5/16.5 Pro/Ala, 84.5/15.5 
[32]

 

German  PPARα , L162V L162V -9.4 ** L162V- 11.4 ** 
[35]

 

--- PPAR δ, +294T/C 
TT-65.6, TC-30.5, 

CC-3.9 
TT-66.7, TC-29.4, CC-4.0 

[36]
 

Tunisian 

origin 
PPARγ2, Pro12Ala Pro12Ala - 12.2  ** Pro12Ala -4.1  ** 

[37]
 

Iranian  PPAR γ Pro12Ala 
Ala /Ala 3, Pro/Ala 

5.94  ** 
Ala 7, Pro/Ala, 4.06   ** 

[38]
 

Chinese PPARγ2, Pro12Ala Ala12Ala-0,  Pro12Ala-8.9,  Pro12Pro-91.1 
[39]

 

Chinese PPARγ2, Pro12Ala Ala12Ala-0.2,  Pro12Ala-9.4,  Pro12Pro-90.4 
[40] 

** data not available 

 

4.2 The Peroxisome Proliferator-Activated Receptors Gamma (PPAR γ) 

 PPAR γ, a transcription factor is located on the chromosome 3, one of the T2DM locus. The 

gene shows a better relationship with nutrients and susceptibility to insulin sensitivity. PPAR 

γ locus is linked with gene-nutrient interaction, HDL, LDL and BMI.
[35]

 A regulator of 

energy balance
[36]

 is associated with early onset of extreme obesity and be a master controller 

of the “thrifty gene response” leading to efficient energy storage.  

 

Pro12Ala Polymorphism  

The three genotypes of Pro12Ala polymorphism of PPARγ are Pro/Ala, Pro/Pro and Ala/Ala 

and each influence different phenotype in different ethnic groups. Some conclude Pro12Ala a 

risk factor to obesity or T2DM or both, while others conclude the opposite effect for both and 

the association is not established due to the absence of statistically significant data (to support 

their conclusion). 

 

a. Beneficial effect of Pro12Ala Polymorphisms 

The metabolic effects of Ala allele or its carrier-ship subjects are influenced by FFA levels 

and the beneficial role of Ala allele is only due to the presence of low concentration of 

plasma FFA. Pro12Ala polymorphism is associated with increased insulin clearance due to 

reduced FFA delivery which has shown to improve hepatic insulin removal and insulin 

sensitivity.
[37]

 Ala allele is associated with lipolysis  which prevents release of FFAs to 

increase glucose uptake by muscles and Ala allele is also shown to be responsible for 

enhancement of insulin action to releases less FFAs.
[38]

 If less FFAs are available, then 

muscle utilize more glucose due to insulin stimulation.
[39]
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The Ala allele may be favoring strength abilities in professional athletes and increases 

insulin-dependent metabolism which is a shift of the energy balance towards glucose 

utilization which lead to the development of a favorable weight-to-strength ratio.
[40]

 Obese 

people with Ala allele have high insulin resistance due to low intake of MUFA (Establishes a 

correlation of insulin resistance with the clinical phenotypes of obesity and T2DM).
[41]

 Ala 

allele improves insulin sensitivity and reduces diabetes risk. Ala allele polymorphism is 

associated with improved whole body insulin sensitivity among Swedish Caucasians. The Ala 

allele may predispose to the development of T2DM in obese subjects with IGT (impaired 

glucose tolerance test). However, changes in diet, increased physical activity and weight loss 

may reverse the susceptibility to some extent to improve insulin sensitivity.
[42]

 Pro12Ala 

variant is not a major contributor to adiposity, fat distribution and insulin resistance in 

Japanese men.   

 

A study on the effect of the Pro12Ala polymorphism on the rates of whole-body, skeletal 

muscle and subcutaneous adipose tissue glucose uptake in T2DM subjects found that Ala 

allele in obese subjects with T2DM is associated with high hepatic glucose uptake than 

subjects with Pro allele and the similar result is observed in non-diabetic obese subjects. 

Therefore, Ala allele is associated with higher hepatic glucose uptake in obese subjects.
[43]

  

 

b. No association of Pro12Ala Polymorphisms 

Studies suggests that there is no association between Pro12Ala polymorphism and waist 

circumference, weight, BMI, BP, TG but Pro12Ala polymorphism is associated with 

increased risk of myocardial infarction (MI).
[44]

 There is no association between Pro12Ala 

polymorphism and BMI, peripheral insulin resistance and incidence and progression of 

diabetic complications in obese patients with long-lasting T2DM.
[30]

 Moreover, Pro12Ala 

polymorphism is not associated with lipid and lipoprotein, a study from Chinese population 

and this may be due the appearance of  very different allele frequencies: Ala/Ala absent, 

Pro12Ala 9% and Pro12Pro 91%.
[45]

 A study on Dane population indicates that there is no 

association between Pro12 Ala and risk of Acute Coronary Syndrome (ACS) and also no 

association of Pro12 Ala polymorphisms with alcohol, BMI and smoking with respect to 

ACS.
[46]

 Pro12Ala and T2DM development in Spanish cohort are not associated.
[47]

 Pro12Ala 

polymorphism is not associated with either obesity or T2DM in Korean subjects. However, 

PPAR γ gene does not show any significant association with T2DM in the population of West 

Bengal, India may be due to small sample size.
[48]
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c. Disease susceptible Effect of Pro12Ala Polymorphism 

Pro12Ala allele is a genetic risk factor for insulin resistance and T2DM.
[49]

 Pro12 Ala is 

associated with T2DM, a HuGE review and Meta-Analysis
[50]

 and it affects body weight and 

lipid homeostasis in T2DM subjects. Pro12Ala polymorphism has genetic susceptibility to 

T2DM and hypertension but not to insulin sensitivity in hypertensive subjects
[33]

 and it may 

be an important contributor to the early onset of obesity. Moreover, Pro12Ala polymorphism 

is associated with obesity in non-diabetic men from Tunisian origin
[51]

 and in obese patients, 

the Pro12Ala substitution is associated with elevated total plasma cholesterol and increased 

LDL-C. Pro12Ala polymorphisms may influence cardiovascular risk through its effects on 

lipid metabolism, study on obese T2DM Palestinian patients.
[52]

 Pro12Ala is associated with 

increased risk of MI and independently associated with waist circumference and BMI.
[53]

 

Subjects carrying Ala allele have higher BMI and fat-mass without having metabolic 

syndrome by gene-gender interaction.
[53]

 The Ala allele polymorphism is associated with 

reduced risk for the development of diabetes in the general population, but it may be a risk 

factor for insulin secretion and deficiency in individuals with T2DM. Pro12Ala is also 

associated with alcohol intake
[54]

 and in the pathogenesis of obesity and T2DM. 

 

For an age-related association studies between the Pro12Ala polymorphism and diet in 

obesity-related traits in children aged 10 to 12 years of Greek origin, no difference is found in 

obesity traits in Ala allele carriers. On the other hand, in Pro/Pro homozygous young girls, 

saturated fatty acid (SFA) and total fat (TF) intake is positively associated with BMI and 

waist circumference. Therefore, adiposity in children is influenced by Pro12Ala 

polymorphism in a sex-specific and age dependent manner. It is also evidence of an age-

dependent gene-diet interaction in which fat intake modifies the effect of the Pro allele on 

obesity-related traits. On account of dietary fat intake, it seems that the Pro allele 

homozygotes are at higher risk for increased adiposity at a very young age which further 

suggests that there is an age-dependent gene-diet effect in two sexes, boys and girls.
[55]

  

 

Race specific association of Pro12Ala polymorphism is found between African Americans 

and Whites such that Ala allele carriers have lower BMI than Whites as compared to Pro 

homozygote. Ala is also associated with decreased risk of incident of insulin resistance 

symptoms in each race.
[56]

 A meta-analysis study suggests that, compared with non-carriers, 

carriers of Ala allele have significantly increased plasma total cholesterol in male subjects, 

marginally significant increased plasma HDL-C in healthy subjects and subjects with 
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genotype Ala/Ala have lower plasma TG than subjects with genotype Pro/Pro (A study on 

Caucasians).
[57]

  

 

There is a relationship and significant association between total dietary fat with BMI which 

differs due to reduced activity of Ala allele.
[58]

 Ala allele may be the independent predictors 

of low serum adiponectin concentrations in young Japanese men.
[59]

 However, a significant 

interaction between low physical activity and Pro allele in T2DM subjects is detected in 

which Pro allele is significantly associated with low physical activity and high intake of 

PUFA. This supports the gene-environment interaction between Pro allele of PPAR γ gene 

and physical activity that results in increased risk of T2DM.
[60]

 Lifestyle may modulate the 

effects of the Pro/Pro genotype to increase body weight and insulin resistance and thus 

increase the risk for T2DM.
[61]

 

 

d. Protective Effect of Pro12Ala Polymorphism 

Pro12Ala polymorphism has a protective role in T2DM in some ethnic group but it is a risk 

factor for obesity.
[62]

 Czech individuals have protective effect of Ala allele from family 

history of T2DM due to high intake ratio of polyunsaturated fatty acid/saturated fatty acid, 

PUFA/SFA.
[63]

 The protective effect of the Ala allele may be lost after the development of 

T2DM due to the increased vascular complications and β-cell dysfunction.
[38]

 Those 

individuals who have a small body size at birth and are carriers of the Ala allele seemed to be 

protected against insulin resistance and T2DM in later life, a finding reflects early gene-

environment interactions and the interaction between certain genotypes and birth size are the 

determinants of adult health outcomes.
[64]

 Ala allele is also associated with insulin sensitivity 

and minor protective effect from T2DM - a Swedish Caucasians and Finnish study. 

 

e. Comparison of Ala and Pro alleles 

However, subjects with genotypes, Pro/Ala and Ala/Ala have significantly higher serum TG 

levels than those with the Pro/Pro genotype with a conclusion that the Pro12Ala 

polymorphism is positively associated with increased LDL in the general Japanese 

population.
[65]

 Pro/Ala polymorphism is not associated with oxidized low density lipoprotein 

(ox-LDL) auto-antibodies in non-diabetic subjects but subjects having Ala carriers have 

higher levels of ox-LDL auto-antibodies than Pro/Pro genotype.
[66]

 In obese non-diabetic 

patients, Ala-allele bearers have a significantly higher risk of obesity than Pro/Pro 

homozygotes because obese male patients carrying the Ala-allele have significantly higher 

BMI and plasma leptin levels compared to those containing Pro/Pro-allele. Moreover, Ala 
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allele carriers have lower levels of TG in Chinese population which suggests that the Pro/Ala 

polymorphism is associated with hypertension and TG levels
[67]

 but subjects with Pro/Ala 

genotype have significantly higher body weight than those with Pro/Pro genotype.
[68] 

  

PPAR γ C161T polymorphism also has moderate protective effect on CAD among Chinese 

ethnic group but not among Caucasians
[69]

 and C161T C/T genotype shows different effect on 

serum lipid profile in CHD patients having diabetes and this effect is very less in the presence 

of Pro12Pro genotype.
[70]

 

 

4.3 The Peroxisome Proliferator-Activated Receptors Alpha (PPARα) 

PPARα is mainly present in liver where it regulate nutrient metabolism, such as fatty acid 

oxidation, gluconeogenesis, and amino acid metabolism. The allelic variants of PPARα can 

influence the risk of CAD (Coronary Artery Disease) due its effect on lipid metabolism. 

PPARα has an increasing effect on total cholesterol and LDL-C levels in non-diabetic CHD 

(Coronary Heart Diseases) patients. However, PPARα polymorphism may have diverse 

effects on serum lipids and CHD risk. Polymorphism of PPAR α influences subjects of IGT 

to T2DM
[71]

 and its polymorphisms have an association with physical activity also.   

 

L162V Polymorphism of PPARα 

There is an increasing potential connection between polymorphisms of PPARα and 

obesity.
[72]

 The polymorphism of PPARα, L162V has been associated with LDL, HDL levels, 

increased TG and abdominal obesity.
[73]

 Selective PPAR α agonist increases HDL level and 

decreases TG level. V162 allele is associated with reduced levels of HDL-C in cardiovascular 

risk subjects of insulin resistance and T2DM.
[74]

 Carriers of the V162 allele are more 

prevalent among alcohol consumers and there exists a significant association between the 

L162V polymorphism and alcohol consumption.
[75]

 C allele of L162V, a rare allele is 

associated with higher HDL, lower TG and VLDL levels compared to G allele.
[76]

 Race 

modifies the associations of L162V with TG Levels in African-American but not Caucasian. 

L162V is less prevalent in African-Americans than in Caucasians and L162V in African-

Americans is associated with higher plasma lipoproteins and TG levels.
[77]

 L162V 

polymorphism is associated with atherosclerosis through IL-6.
[34]

 V162V is associated with 

increased fasting serum total cholesterol concentrations, a study on middle-aged whites which 

gives no significant association between the L162V polymorphism and obesity and T2DM. 

V162V polymorphism may, however, confer an increase in fasting levels of serum lipids
[78]
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and L162V polymorphism seems to be associated with atherosclerosis.
[34]

 V allele of L162V 

polymorphism of PPARα is associated with TG in White males.
[79]

 

 

V227A polymorphism of PPARα in Japanese population is associated with alcohol 

drinking.
[80]

 There is a strong evidence that polymorphism of PPARα gene may influence the 

risk of MI in a European population.
[81]

 Analysis of L162V polymorphism of PPARα gene is 

associated with susceptibility to high VLDL and low HDL because of  Leu/Val genotypes.
[82]

 

The V227A polymorphism of PPARα locus is also associated with serum lipid concentrations 

and modulates the association between dietary PUFA intake and serum HDL concentrations 

in Chinese women population.
[83]

  

 

The association of allelic variants G/C at intron 7 of the PPARα gene with CAD examined in 

a hospital-based Indian population shows a positive association with CAD and 

dyslipidemia.
[84]

 L162V and intron7G>C polymorphisms are in linkage disequilibrium and C 

allele of Intron7G>C polymorphism is associated with higher HDL, lower TG and VLDL 

levels compared to G allele. This is a protective role of intron7G>C polymorphism in the 

development of CVD in Brazilian population.
[76]

  

 

4.4 The Peroxisome Proliferator-Activated Receptors Delta (PPAR δ) 

PPAR δ is mapped to 6p21.1-6p21.2, expressed ubiquitously with nine identified 

polymorphisms, four in the introns, one in 5’ un-translated region and four in the 3’ un-

translated region. PPAR δ is involved with keratinocyte differentiation, wound healing, 

mediates VLDL signaling
[85]

 and fat metabolism.
[86]

 Studies provide evidence for a protective 

effect of PPAR δ in terms of HDL cholesterol and BMI in male population. PPAR δ 

influences cholesterol metabolism in men and also implicated with cardiovascular 

problems.
[87]

 Activation of PPAR δ plays an important role in protecting pancreatic β-cells 

against lipotoxicity in metabolic syndrome and T2DM.
[88]

 PPAR δ polymorphism is clearly 

associated with a phenotype of reduced stature in both adults and children. PPAR δ may 

affect height through altered metabolic efficiency.
[89]

 There is a differential effects of PPAR δ 

in males and females
[90]

 and PPAR δ may not be linked with obesity and T2DM directly but it 

is having  several positive associations with fasting plasma glucose and BMI.
[91]

  

 

T+294C polymorphism of PPAR δ 

The effect of this polymorphism on ethnic group may be modulated by environmental factors, 

obesity, ethnicity, ratio of unsaturated to saturated fatty acids and genetic background. The 
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T+294C polymorphism of PPAR δ is associated with low HDL-C. HDL plasma levels are 

inversely related to BMI and its C allele carriers have higher LDL level in plasma.
[92]

 The C 

allele of this polymorphism is significantly associated with a lower abdominal obesity.
[93]

 

There is no significant interaction between +294T > C genotypes and alcohol 

consumption.
[94]

 The C allele of T-842C polymorphism of PPAR δ is significantly associated 

with increased risk to kidney diseases.
[95]

  

 

4.5 Gene-Gene interaction 

Studies provide evidence of the interaction between polymorphisms and the metabolic 

responses to the diets.
[96]

 Polymorphism of PPAR δ, +294T/C is associated with BMI and 

interacts with polymorphism of PPARα L162V to show obesity is polygenic.
[97]

 Pro12Ala 

polymorphism may result in protection against liver injury but L162V polymorphism may be 

involved in the progression of NAFLD.
[98]

 PPAR-α L162V and PGC-1A G482S 

polymorphisms are associated with alcohol consumption in Mediterranean population.
[75]

 

G482S polymorphism shows a significantly higher frequency in high alcohol drinkers than in 

non-high alcohol drinkers. However, an effort to find association between +294TC and 

L162V polymorphisms failed with no gene–gene interaction between the PPAR δ +294TC 

and the PPARα L162V polymorphisms.
[99]

 A recent finding strongly suggests that the genetic 

variation in PPARG and ADIPOQ loci could contribute to the risk for the development of 

T2DM in Indian Sikhs population.
[100]

  

 

San Luis Valley Diabetes Study on female patients shows that C161T appears to be a better 

predictor of fasting insulin levels and insulin resistance than Pro12Ala.
[101]

 PPAR γ exon 2 

and exon 6 gene polymorphism are not associated with the development of diabetic 

nephropathy in Turkish T2DM patients.
[102]

 Pro12Ala polymorphism affects body weight and 

the effect is prevalence with the presence of T allele of C161T polymorphism.
[68]

 In French 

Caucasians, the combined effect of PPAR γ Pro12Ala and adiponectin gene, APM1 G-

11391A polymorphisms show no interaction of genes on the risk of subjects of six-year 

hyperglycemia.
[103]

 PPAR δ and PPAR γ haplotypes are independent determinants of plasma 

levels of lipids, severity of coronary atherosclerosis.
[104]

 Pro12Ala and Pro115Gln mutations 

in the PPARγ2 gene are not significantly associated with obesity and T2DM. Polymorphisms 

of Adiponectin gene, SNP11377 and SNP276 are also associated with the increased risk of 

T2DM
[105]

 and PPAR α and PPAR γ Polymorphisms are also the risk factors for dyslipidemia 

in Chinese Han population.
[106]
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5. SUMMARY AND CONCLUSION 

It is evident from the review that PPARs are strongly associated with lipid profile, BMI, 

obesity and T2DM in many ethnic groups except very few due to the gene-environment and 

gene-diet interaction. Ala allele is strongly associated in the susceptibility to obesity with 

minor different effect with T2DM subjects, slightly protective. However, the protective effect 

of Ala is lost due to diabetic complications and poor allele frequency in all ethnic groups 

(mutant allele). All the polymorphisms of PPARs are strongly associated with intake of 

alcohol except +294T/C polymorphism of PPAR δ (not associated with alcohol intake).  In 

conclusion, PPARs (alpha, gamma and delta) are strongly associated in the susceptibility to 

obesity and T2DM with a minor protective effect of Ala allele on T2DM subjects. PPAR 

gamma also shows beneficial effect due to gene-diet interaction. 

 

6. REFERENCES 

1. Kaput, J., Diet-disease gene interactions. Nutrition, 2004; 20(1): 26-31. 

2. Langenberg, C., et al., Gene-lifestyle interaction and type 2 diabetes: the EPIC interact 

case-cohort study. PLoS Med, 2014; 11(5): e1001647. 

3. Fruchart, J.C., Peroxisome proliferator-activated receptor-alpha (PPARalpha): at the 

crossroads of obesity, diabetes and cardiovascular disease. Atherosclerosis, 2009; 205(1): 

1-8. 

4. Elsner, M., W. Gehrmann, and S. Lenzen, Peroxisome-generated hydrogen peroxide as 

important mediator of lipotoxicity in insulin-producing cells. Diabetes,2011; 60(1):200-8. 

5. Gleeson, M., D.C. Nieman, and B.K. Pedersen, Exercise, nutrition and immune 

function. J Sports Sci, 2004; 22(1): 115-25. 

6. Ling, C. and L. Groop, Epigenetics: a molecular link between environmental factors and 

type 2 diabetes. Diabetes, 2009; 58(12): 2718-25. 

7. Lyssenko, V., et al., Clinical risk factors, DNA variants, and the development of type 2 

diabetes. N Engl J Med, 2008; 359(21): 2220-32. 

8. Singh, S., THE GENETICS OF TYPE 2 DIABETES MELLITUS: A REVIEW. Journal 

of Scientific Research, 2011; 55: 35-48. 

9. Westwell-Roper, C. and J.A. Ehses, Is there a role for the adaptive immune system in 

pancreatic beta cell failure in type 2 diabetes? Diabetologia, 2014; 57(3): 447-50. 

10. Iwata, M., et al., Genetic risk score constructed using 14 susceptibility alleles for type 2 

diabetes is associated with the early onset of diabetes and may predict the future 



www.wjpls.org 

 

118 

Raj et al.                                                  World Journal of Pharmaceutical and Life Sciences 

requirement of insulin injections among Japanese individuals. Diabetes Care, 2012; 35(8): 

1763-70. 

11. Venables, M.C. and A.E. Jeukendrup, Physical inactivity and obesity: links with insulin 

resistance and type 2 diabetes mellitus. Diabetes Metab Res Rev, 2009; 25(Suppl 1):   

S18-23. 

12. Kirwan, J.P., et al., Effects of 7 days of exercise training on insulin sensitivity and 

responsiveness in type 2 diabetes mellitus. Am J Physiol Endocrinol Metab, 2009; 297(1): 

E151-6. 

13. Shaibi, G.Q., C.K. Roberts, and M.I. Goran, Exercise and insulin resistance in 

youth. Exerc Sport Sci Rev, 2008; 36(1): 5-11. 

14. Bienso, R.S., et al., GLUT4 and glycogen synthase are key players in bed rest-induced 

insulin resistance. Diabetes, 2012; 61(5): 1090-9. 

15. Chai, S.Y., et al., Differential patterns of insulin secretion and sensitivity in patients with 

type 2 diabetes mellitus and nonalcoholic fatty liver disease versus patients with type 2 

diabetes mellitus alone. Lipids Health Dis, 2014; 13: 7. 

16. King, D.E., A.G. Mainous, 3
rd

, and M.E. Geesey, Adopting moderate alcohol 

consumption in middle age: subsequent cardiovascular events. Am J Med, 2008; 121(3): 

201-6. 

17. Joosten, M.M., et al., Changes in alcohol consumption and subsequent risk of type 2 

diabetes in men. Diabetes, 2011; 60(1): 74-9. 

18. Yeh, H.C., et al., Smoking, smoking cessation, and risk for type 2 diabetes mellitus: a 

cohort study. Ann Intern Med, 2010; 152(1): 10-7. 

19. Paila, Y.D. and A. Chattopadhyay, Membrane cholesterol in the function and 

organization of G-protein coupled receptors. Subcell Biochem, 2010; 51: 439-66. 

20. Sandeep, S., et al., Visceral & subcutaneous abdominal fat in relation to insulin resistance 

& metabolic syndrome in non-diabetic south Indians. Indian J Med Res, 2010; 131:    

629-35. 

21. Hao, M., et al., Direct effect of cholesterol on insulin secretion: a novel mechanism for 

pancreatic beta-cell dysfunction. Diabetes, 2007; 56(9): 2328-38. 

22. Chui, P.C., et al., PPARgamma regulates adipocyte cholesterol metabolism via oxidized 

LDL receptor 1. J Clin Invest, 2005; 115(8): 2244-56. 

23. Wild, S., et al., Global prevalence of diabetes: estimates for the year 2000 and projections 

for 2030. Diabetes Care, 2004; 27(5): 1047-53. 



www.wjpls.org 

 

119 

Raj et al.                                                  World Journal of Pharmaceutical and Life Sciences 

24. Shaw, J.E., R.A. Sicree, and P.Z. Zimmet, Global estimates of the prevalence of diabetes 

for 2010 and 2030. Diabetes Res Clin Pract, 2010; 87(1): 4-14. 

25. Zargar, A.H., et al., Prevalence of diabetes mellitus and other abnormalities of glucose 

tolerance in young adults aged 20-40 years in North India (Kashmir Valley). Diabetes Res 

Clin Pract, 2008; 82(2): 276-81. 

26. Guariguata, L., et al., Global estimates of diabetes prevalence for 2013 and projections for 

2035. Diabetes Res Clin Pract, 2014; 103(2): 137-49. 

27. Zargar, A.H., et al., Causes of mortality in diabetes mellitus: data from a tertiary teaching 

hospital in India. Postgrad Med J, 2009; 85(1003): 227-32. 

28. Satoru Matsuda, M.K., and Yasuko Kitagishi, Expression and Function of PPARs in 

Placenta. PPAR Research, 2013; 2013: 1-7. 

29. Gu, S.J., et al., Gene-gene interactions among PPARalpha/delta/gamma polymorphisms 

for hypertriglyceridemia in Chinese Han population. Gene, 2013; 515(2): 272-6. 

30. Stefanski, A., et al., Lack of association between the Pro12Ala polymorphism in PPAR-

gamma2 gene and body weight changes, insulin resistance and chronic diabetic 

complications in obese patients with type 2 diabetes. Arch Med Res, 2006; 37(6): 736-43. 

31. Scacchi R, P.A., Rickards O, Pacella A, and C.C. De Stefano G.F, Corbo R.M, An 

analysis of peroxisome proliferator-activated receptor gamma (PPAR-g2) Pro12Ala 

polymorphism distribution and prevalence of type 2 diabetes mellitus (T2DM) in world 

populations in relation to dietary habits. Nutrition, Metabolism & Cardiovascular 

Diseases, 2007; 17: 632 - 641. 

32. Malecki, M.T., et al., The Pro12Ala polymorphism of PPARgamma2 gene and 

susceptibility to type 2 diabetes mellitus in a Polish population. Diabetes Res Clin Pract, 

2003; 62(2): 105-11. 

33. Horiki, M., et al., Association of Pro12Ala polymorphism of PPARgamma gene with 

insulin resistance and related diseases. Diabetes Res Clin Pract, 2004; 66(Suppl 1): S63-7. 

34. Skoczynska A, et al., The dependence of serum interleukin-6 level on PPAR-alpha 

polymorphism in men with coronary atherosclerosis. Eur J Intern Med, 2005; 16(7):   

501-6. 

35. Zietz, B., et al., Pro12Ala polymorphism in the peroxisome proliferator-activated 

receptor-gamma2 (PPARgamma2) is associated with higher levels of total cholesterol and 

LDL-cholesterol in male caucasian type 2 diabetes patients. Exp Clin Endocrinol 

Diabetes, 2002; 110(2): 60-6. 



www.wjpls.org 

 

120 

Raj et al.                                                  World Journal of Pharmaceutical and Life Sciences 

36. Rosado, E.L., et al., Interactions of the PPARgamma2 polymorphism with fat intake 

affecting energy metabolism and nutritional outcomes in obese women. Ann Nutr Metab, 

2010; 57(3-4): 242-50. 

37. Tschritter, O., et al., Increased insulin clearance in peroxisome proliferator-activated 

receptor gamma2 Pro12Ala. Metabolism, 2003; 52(6): 778-83. 

38. Stumvoll, M. and H. Haring, The peroxisome proliferator-activated receptor-gamma2 

Pro12Ala polymorphism. Diabetes, 2002; 51(8): 2341-7. 

39. Sharma, A.M. and B. Staels, Review: Peroxisome proliferator-activated receptor gamma 

and adipose tissue--understanding obesity-related changes in regulation of lipid and 

glucose metabolism. J Clin Endocrinol Metab, 2007; 92(2): 386-95. 

40. Maciejewska-Karlowska, A., et al., Association between the Pro12Ala polymorphism of 

the peroxisome proliferator-activated receptor gamma gene and strength athlete 

status. PLoS One, 2013; 8(6): e67172. 

41. Soriguer, F., et al., Pro12Ala polymorphism of the PPARG2 gene is associated with type 

2 diabetes mellitus and peripheral insulin sensitivity in a population with a high intake of 

oleic acid. J Nutr, 2006; 136(9): 2325-30. 

42. Lindi, V.I., et al., Association of the Pro12Ala polymorphism in the PPAR-gamma2 gene 

with 3-year incidence of type 2 diabetes and body weight change in the Finnish Diabetes 

Prevention Study. Diabetes, 2002; 51(8): 2581-6. 

43. Honka, M.J., et al., The Pro12Ala polymorphism of the PPARgamma2 gene is associated 

with hepatic glucose uptake during hyperinsulinemia in subjects with type 2 diabetes 

mellitus. Metabolism, 2009; 58(4): 541-6. 

44. Li, L., et al., Association between Pro12Ala polymorphism of peroxisome proliferator-

activated receptor-gamma 2 and myocardial infarction in the Chinese Han 

population. Clin Cardiol, 2006; 29(7): 300-4. 

45. Chang-Quan, H., et al., Association of serum lipid/lipoprotein with Pro12Ala 

polymorphism in PPAR-gamma2 among Chinese nonagenarians/centenarians. Arch Med 

Res, 2011; 42(7): 613-9. 

46. Vogel, U., et al., PPARgamma Pro12Ala polymorphism and risk of acute coronary 

syndrome in a prospective study of Danes. BMC Med Genet, 2009; 10: 52. 

47. González, J.P.M., et al., PPAR gamma pro12Ala polymorphism and type 2 diabetes: a 

study in a spanish cohort. Journal of Genetics Study, 2014; 2014: 1. 

48. Arup Kumar Pattanayak, B.B., Nisha Balmiki, Tapas Kumar Das, Subhankar Chowdhury, 

Madhusudan Das*, Role of peroxisome proliferator-activated receptor gamma gene 



www.wjpls.org 

 

121 

Raj et al.                                                  World Journal of Pharmaceutical and Life Sciences 

polymorphisms in type 2 diabetes mellitus patients of West Bengal, India. J Diabetes 

Invest, 2014; 5: 188–191. 

49. Sokkar, S., et al., Role of Peroxisome Proliferator- Activated Receptor gamma 2 (PPAR-

γg2) Gene Polymorphism in Type 2 Diabetes Mellitus. Eur J Gen Med, 2009; 6(2): 78-86. 

50. Gouda, H.N., et al., The association between the peroxisome proliferator-activated 

receptor-gamma 2 (PPARG2) Pro12Ala gene variant and type 2 diabetes mellitus: a 

HuGE review and meta-analysis. Am J Epidemiol, 2010; 171(6): 645-55. 

51. Ben Ali, S., et al., Gender-specific effect of Pro12Ala polymorphism in peroxisome 

proliferator-activated receptor gamma-2 gene on obesity risk and leptin levels in a 

Tunisian population. Clin Biochem, 2009; 42(16-17): 1642-7. 

52. Ereqat S, N.A., Azmi K, Abdeen Z, and Amin R, Impact of the Pro12Ala Polymorphism 

of the PPAR-Gamma 2 Gene on Metabolic and Clinical Characteristics in the Palestinian 

Type 2 Diabetic Patients. PPAR Research, 2009; 2009: 1-5. 

53. Passaro, A., et al., PPARgamma Pro12Ala and ACE ID polymorphisms are associated 

with BMI and fat distribution, but not metabolic syndrome. Cardiovasc Diabetol, 

2011; 10: 112. 

54. Brand-Herrmann, S.M., et al., Alcohol intake modulates the genetic association between 

HDL cholesterol and the PPARgamma2 Pro12Ala polymorphism. J Lipid Res, 

2005; 46(5): 913-9. 

55. Dedoussis, G.V., et al., An age-dependent diet-modified effect of the PPARgamma 

Pro12Ala polymorphism in children. Metabolism, 2011; 60(4): 467-73. 

56. Fornage, M., et al., Inverse effects of the PPAR (gamma)2 Pro12Ala polymorphism on 

measures of adiposity over 15 years in African Americans and whites. The CARDIA 

study. Metabolism, 2005; 54(7): 910-7. 

57. Huang, X., J. Zhao, and T. Zhao, Effects of peroxisome proliferator activated receptor-

gamma 2 gene Pro12Ala polymorphism on fasting blood lipids: a meta-

analysis. Atherosclerosis, 2011; 215(1): 136-44. 

58. Alsaleh, A., et al., Interaction of PPARG Pro12Ala with dietary fat influences plasma 

lipids in subjects at cardiometabolic risk. J Lipid Res, 2011; 52(12): 2298-303. 

59. Takata, N., et al., Pro12Ala substitution in peroxisome proliferator-activated receptor 

gamma 2 is associated with low adiponectin concentrations in young Japanese 

men. Metabolism, 2004; 53(12): 1548-51. 



www.wjpls.org 

 

122 

Raj et al.                                                  World Journal of Pharmaceutical and Life Sciences 

60. Nelson, T.L., et al., Association of the peroxisome proliferator-activated receptor gamma 

gene with type 2 diabetes mellitus varies by physical activity among non-Hispanic whites 

from Colorado. Metabolism, 2007; 56(3): 388-93. 

61. Nemoto, M., et al., Differential effect of PPARgamma2 variants in the development of 

type 2 diabetes between native Japanese and Japanese Americans. Diabetes Res Clin 

Pract, 2002; 57(2): 131-7. 

62. Pereira A. C., O.R., Castro A. C., and Fernandes R, Does Pro12Ala Polymorphism 

Enhance the Physiological Role of PPARG2? PPAR Research, 2013; 2013: 1-8. 

63. Bendlova, B., et al., PPARgamma2 Pro12Ala polymorphism in relation to free fatty acids 

concentration and composition in lean healthy Czech individuals with and without family 

history of diabetes type 2. Physiol Res, 2008; 57(Suppl 1): S77-90. 

64. Eriksson, J.G., Gene polymorphisms, size at birth, and the development of hypertension 

and type 2 diabetes. J Nutr, 2007; 137(4): 1063-5. 

65. Hamada, T., et al., Association of Pro12Ala polymorphism in the peroxisome 

proliferator-activated receptor gamma2 gene with small dense low-density lipoprotein in 

the general population. Metabolism, 2007; 56(10): 1345-9. 

66. Niskanen, L., et al., Association of the PRO12ALA polymorphism of the PPAR-gamma2 

gene with oxidized low-density lipoprotein and cardiolipin autoantibodies in nondiabetic 

and type 2 diabetic subjects. Metabolism, 2003; 52(2): 213-7. 

67. Lu, Z., et al., Pro12Ala polymorphism in PPAR gamma 2 associated with essential 

hypertension in Chinese nonagenarians/centenarians. Exp Gerontol, 2008; 43(12):    

1108-13. 

68. Rhee, E.J., et al., Effects of two common polymorphisms of peroxisome proliferator-

activated receptor-gamma gene on metabolic syndrome. Arch Med Res, 2006; 37(1):    

86-94. 

69. Wu, Z., et al., The C161T polymorphism in the peroxisome proliferator-activated receptor 

gamma gene (PPARgamma) is associated with risk of coronary artery disease: a meta-

analysis. Mol Biol Rep, 2013; 40(4): 3101-12. 

70. Yilmaz-Aydogan, H., et al., Effects of the PPARG P12A and C161T gene variants on 

serum lipids in coronary heart disease patients with and without Type 2 diabetes. Mol 

Cell Biochem, 2011; 358(1-2): 355-63. 

71. Andrulionyte, L., et al., Single nucleotide polymorphisms of the peroxisome proliferator-

activated receptor-alpha gene (PPARA) influence the conversion from impaired glucose 

tolerance to type 2 diabetes: the STOP-NIDDM trial. Diabetes, 2007; 56(4): 1181-6. 



www.wjpls.org 

 

123 

Raj et al.                                                  World Journal of Pharmaceutical and Life Sciences 

72. Kersten, S., Peroxisome proliferator activated receptors and obesity. Eur J Pharmacol, 

2002; 440(2-3): 223-34. 

73. Tai, E.S., et al., Association between the PPARA L162V polymorphism and plasma lipid 

levels: the Framingham Offspring Study. Arterioscler Thromb Vasc Biol, 2002; 22(5): 

805-10. 

74. Tai, E.S., et al., The L162V polymorphism at the peroxisome proliferator activated 

receptor alpha locus modulates the risk of cardiovascular events associated with insulin 

resistance and diabetes mellitus: the Veterans Affairs HDL Intervention Trial (VA-HIT). 

Atherosclerosis, 2006; 187(1): 153-60. 

75. Francès F, V.F., Portolés O, Castelló A, Sorlí J.V, Guillen M, Corella D, PPAR-α L162V 

and PGC-1 G482S gene polymorphisms, but not PPAR-γ P12A, are associated with 

alcohol consumption in a Spanish Mediterranean population. Clinica Chimica 

Acta, 2008; 398: 70–74. 

76. Chen, E.S., et al., Association of PPARalpha gene polymorphisms and lipid serum levels 

in a Brazilian elderly population. Exp Mol Pathol, 2010; 88(1): 197-201. 

77. Shin,M.J., A.M.Kanaya, and R.M. Krauss, Polymorphisms in the peroxisome proliferator 

activated receptor alpha gene are associated with levels of apolipoprotein CIII and 

triglyceride in African-Americans but not Caucasians. Atherosclerosis, 2008; 198(2): 

313-9. 

78. Sparso, T., et al., Relationships between the functional PPARalpha Leu162Val 

polymorphism and obesity, type 2 diabetes, dyslipidaemia, and related quantitative traits 

in studies of 5799 middle-aged white people. Mol Genet Metab, 2007; 90(2): 205-9. 

79. Uthurralt, J., et al., PPARalpha L162V underlies variation in serum triglycerides and 

subcutaneous fat volume in young males. BMC Med Genet, 2007; 8: 55. 

80. Naito, H., et al., Association of V227A PPARalpha polymorphism with altered serum 

biochemistry and alcohol drinking in Japanese men. Pharmacogenet Genomics, 

2006; 16(8): 569-77. 

81. Reinhard, W., et al., Association between PPARalpha gene polymorphisms and 

myocardial infarction. Clin Sci (Lond), 2008; 115(10): 301-8. 

82. Carvalho, M.D.T., et al., Lipoprotein Lipase and PPAR Alpha Gene Polymorphisms, 

Increased Very-Low-Density Lipoprotein Levels, and Decreased High-Density 

Lipoprotein Levels as Risk Markers for the Development of Visceral Leishmaniasis by 

Leishmania infantum. Mediators of Inflammation, 2014; 2014: 1-10. 



www.wjpls.org 

 

124 

Raj et al.                                                  World Journal of Pharmaceutical and Life Sciences 

83. Chan, E., et al., The V227A polymorphism at the PPARA locus is associated with serum 

lipid concentrations and modulates the association between dietary polyunsaturated fatty 

acid intake and serum high density lipoprotein concentrations in Chinese women. 

Atherosclerosis, 2006; 187(2): 309-15. 

84. Sreeja Purushothaman, A.V.K., and Renuka Nair R, Association of PPARα Intron 7 

Polymorphism with Coronary Artery Disease: A Cross-Sectional Study. ISRN 

Cardiology, 2011; 2011: 1-4. 

85. Chawla, A., et al., PPARdelta is a very low-density lipoprotein sensor in 

macrophages. Proc Natl Acad Sci U S A, 2003; 100(3): 1268-73. 

86. Wang, Y.X., et al., Peroxisome-proliferator-activated receptor delta activates fat 

metabolism to prevent obesity. Cell, 2003; 113(2): 159-70. 

87. Skogsberg, J., et al., Evidence that peroxisome proliferator-activated receptor delta 

influences cholesterol metabolism in men. Arterioscler Thromb Vasc Biol, 2003; 23(4): 

637-43. 

88. Wan, J., et al., Activation of PPARdelta up-regulates fatty acid oxidation and energy 

uncoupling genes of mitochondria and reduces palmitate-induced apoptosis in pancreatic 

beta-cells. Biochem Biophys Res Commun, 2010; 391(3): 1567-72. 

89. Burch, L.R., et al., A single nucleotide polymorphism on exon-4 of the gene encoding 

PPARdelta is associated with reduced height in adults and children. J Clin Endocrinol 

Metab, 2009; 94(7): 2587-93. 

90. Burch, L.R., et al., Peroxisome proliferator-activated receptor-delta genotype influences 

metabolic phenotype and may influence lipid response to statin therapy in humans: a 

genetics of diabetes audit and research Tayside study. J Clin Endocrinol Metab, 

2010; 95(4): 1830-7. 

91. Shin, H.D., et al., Genetic polymorphisms in peroxisome proliferator-activated receptor 

delta associated with obesity. Diabetes, 2004; 53(3): 847-51. 

92. Aberle, J., et al., Association of the T+294C polymorphism in PPAR delta with low HDL 

cholesterol and coronary heart disease risk in women. Int J Med Sci, 2006; 3(3): 108-11. 

93. Ding, Y., et al., Gene-gene interaction between PPARdelta and PPARgamma is 

associated with abdominal obesity in a Chinese population. J Genet Genomics, 

2012; 39(12): 625-31. 

94. Wei, X.L., et al., The peroxisome proliferator-activated receptor delta +294T > C 

polymorphism and alcohol consumption on serum lipid levels. Lipids Health Dis, 

2011; 10: 242. 



www.wjpls.org 

 

125 

Raj et al.                                                  World Journal of Pharmaceutical and Life Sciences 

95. Asahi Hishida, et al., Polymorphisms in PPAR Genes (PPARD, PPARG, and 

PPARGC1A) and the Risk of Chronic Kidney Disease in Japanese: Cross-Sectional Data 

from the J-MICC Study. PPAR Research, 2013; 2013: 1-8. 

96. Vincent, S., et al., Genetic polymorphisms and lipoprotein responses to diets. Proc Nutr 

Soc, 2002; 61(4): 427-34. 

97. Aberle, J., et al., Association of peroxisome proliferator-activated receptor delta +294T/C 

with body mass index and interaction with peroxisome proliferator-activated receptor 

alpha L162V. Int J Obes (Lond), 2006; 30(12): 1709-13. 

98. Domenici, F.A., et al., Peroxisome proliferator-activated receptors alpha and gamma2 

polymorphisms in nonalcoholic fatty liver disease: a study in Brazilian patients. Gene, 

2013; 529(2): 326-31. 

99. Gouni-Berthold, I., et al., The peroxisome proliferator-activated receptor delta +294T/C 

polymorphism in relation to lipoprotein metabolism in patients with diabetes mellitus 

type 2 and in non-diabetic controls. Atherosclerosis, 2005; 183(2): 336-41. 

100. Sanghera, D.K., et al., PPARG and ADIPOQ gene polymorphisms increase type 2 

diabetes mellitus risk in Asian Indian Sikhs: Pro12Ala still remains as the strongest 

predictor. Metabolism, 2010; 59(4): 492-501. 

101. Moffett, S.P., et al., The C161-->T polymorphism in peroxisome proliferator-activated 

receptor gamma, but not P12A, is associated with insulin resistance in Hispanic and non-

Hispanic white women: evidence for another functional variant in peroxisome 

proliferator-activated receptor gamma. Metabolism, 2005; 54(11): 1552-6. 

102. Erdogan, M., et al., The relationship of the peroxisome proliferator-activated receptor-

gamma 2 exon 2 and exon 6 gene polymorphism in Turkish type 2 diabetic patients with 

and without nephropathy. Diabetes Res Clin Pract, 2007; 78(3): 355-9. 

103. Jaziri, R., et al., The PPARG Pro12Ala polymorphism is associated with a decreased 

risk of developing hyperglycemia over 6 years and combines with the effect of the APM1 

G-11391A single nucleotide polymorphism: the Data From an Epidemiological Study on 

the Insulin Resistance Syndrome (DESIR) study. Diabetes, 2006; 55(4): 1157-62. 

104. Chen, S., et al., Effects of PPARalpha, gamma and delta haplotypes on plasma levels of 

lipids, severity and progression of coronary atherosclerosis and response to statin therapy 

in the lipoprotein coronary atherosclerosis study. Pharmacogenetics, 2004; 14(1): 61-71. 

105. Ye, E., et al., Adiponectin and peroxisome proliferator-activated receptor-gamma gene 

polymorphisms and gene-gene interactions with type 2 diabetes. Life Sci, 2014; 98(1): 

55-9. 



www.wjpls.org 

 

126 

Raj et al.                                                  World Journal of Pharmaceutical and Life Sciences 

106. Shu-Jun Gu, Z.-R.G., Zheng-Yuan Zhou, Xiao-Shu Hu and Ming Wu, PPAR α and 

PPAR γ Polymorphisms as risk factors for Dyslipidemia in a Chinese han 

population. Lipids in Health and Disease, 2014; 13(23): 1-8. 

    

 


