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Abstract

Purpose: Obesity is considered as an important public health problem in the world. Although the association of a common single nucleotide polymorphism (SNP), rs1801282 (Pro12Ala), in the peroxisome proliferator-activated receptor gamma (PPARG) gene with obesity has been reported in various populations, these data are not conclusive. This study aimed to reassess whether the PPARG rs1801282 SNP is linked with obesity and obesity-related metabolic traits in a Taiwanese population. 

Methods: A total of 674 Taiwanese subjects with general health examinations were genotyped. The rs1801282 genotype was determined by the Taqman SNP genotyping assay. Obesity-related metabolic traits such as triglyceride, waist circumference, systolic and diastolic blood pressure, total cholesterol, and fasting glucose were measured.
Results: The PPARG rs1801282 SNP did not exhibit any significant association with obesity among the complete sample population. However, sex-stratified analyses revealed an effect on overweight in female participants where the carriers of the combined CG and GG genotypes had a higher risk to overweight than those with the CC homozygotes (OR = 4.05; 95% CI = 1.28–12.83; P = 0.017). Compared to the carriers of CC homozygotes, BMI was significantly higher for the carriers of the combined CG and GG genotypes in the female subjects (24.4±3.7 vs. 23.5±3.8 kg/m2; P = 0.033). In addition, the carriers of the CC homozygotes had a higher total cholesterol level than those with the combined CG and GG genotypes in the female subjects (197.0±37.3 vs. 180.7±33.7 mg/dl; P = 0.026).
Conclusions: Our study indicates that PPARG rs1801282 may significantly predict overweight, BMI, and total cholesterol in female but not male Taiwanese subjects.
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Introduction
Obesity is a complex metabolic disorder and has become the leading chronic disease affecting people of all ages and ethnicity not only in affluent societies but also in developing countries [1]. It is estimated that there are 1.1 billion overweight individuals including 312 million obese patients around the world nowadays [2]. Obesity may increase the likelihood of several medical complications, such as type 2 diabetes (T2D), coronary heart disease, hypertension, metabolic syndrome, stroke, and certain forms of cancer [3]. The search for candidate genes for obesity has been active, and more and more genes associated with obesity are being discovered. One of these genes is the peroxisome proliferator-activated receptor gamma (PPARG) gene.
The PPARG gene encodes the peroxisome proliferator activated receptor (PPAR) gamma protein, which is a regulator of adipocyte differentiation and glucose homeostasis [4,5]. PPAR gamma plays a key role in adipogenesis and adipocyte gene expression and has been implicated in the pathology of numerous diseases including obesity, T2D, atherosclerosis, and cancer [4,5]. A frequent non-synonymous single nucleotide polymorphism (SNP), rs1801282 (Pro12Ala), located in the exon 2 of the PPARG gene has attracted much attention in obesity and T2D research. The rs1801282 SNP, resulted in a Proline to Alanine substitution at the codon 12, has been found to modulate the transcriptional activity of the PPARG gene [6,7]. Further, the PPARG rs1801282 SNP was identified to be associated with obesity, T2D, and insulin sensitivity in several studies [8,9]. However, evidence for assessing the risk of PPARG rs1801282 in obesity is currently controversial. The PPARG rs1801282 SNP has been reported to predispose to obesity in Finnish [6], American Caucasian [10], male Spanish [11], male Tunisian [12], Iranian [13], and Indian [14,15] populations. On the contrary, this association with obesity has not been replicated in Italian [16], Korean [17], French [18,19], Australian [20], and female Portuguese [21] studies.
The relationship between PPARG rs1801282 and obesity remains unclear and needs to be reassessed. Thus, the aim of this study was to evaluate the association between the PPARG rs1801282 polymorphism and the susceptibility to obesity in a sample of Taiwanese adults. Furthermore, its association with obesity-related quantitative metabolic traits was analyzed. As suggested from previous studies [11,12], there may be an interaction of this PPARG rs1801282 variant with gender which we also aimed to evaluate. We performed a case-control association study using obese individuals with a body mass index (BMI) ≥ 27 kg/m2 and nonobese controls with a BMI < 24 kg/m2.

Materials and Methods
Study population
The study subjects were partially original to the previous study by Hsiao et al [22]. The study cohort consisted of volunteers who underwent general health examinations at the Taipei Medical University Hospital in Taipei, Taiwan in 2008 [22]. The study population included 674 participants which were in common with the previous study by Hsiao et al [22]. All subjects were adults and unrelated. Nine participants had incomplete clinical measurements and two participants could not be genotyped. Thus, we included 663 subjects in the present analysis. Approval was obtained from the Internal Review Boards of the Tri-Service General Hospital and the Taipei Medical University Hospital before conducting the study. The approved informed consent form was signed by each subject.
Using the criteria defined by the Department of Health in Taiwan, the terms “lean”, “overweight”, and “obesity” in this study are defined as BMI < 24, 24 ≦ BMI < 27, and BMI ≧ 27 kg/m2, respectively [23]. BMI was calculated as weight in kilograms divided by squared height in meters (kg/m2). Height was measured using a standard steel strip stadiometer, and weight was determined using a digital electronic scale. Height without shoes and body weight in light clothing were measured to the nearest 0.1 cm and 0.1 kg, respectively. Waist circumference was measured at the midway point between the lower rib margin and the superior iliac crest in a horizontal plane with flexible anthropometric tape.
In addition, the systolic and diastolic blood pressures, triglyceride, serum total cholesterol, and fasting plasma glucose were investigated in all subjects [22]. Blood samples were drawn with minimal trauma from an antecubital vein in the morning after an overnight fast. Blood pressure was measured to the nearest 2 mmHg using an appropriately sized cuff and a standard mercury sphygmomanometer in a sitting position by trained nurses. Biochemical markers such as triglyceride, total cholesterol, fasting glucose were analyzed by a biochemical autoanalyzer (Beckman Coulter, CA, USA).
Genotyping

DNA was isolated from blood samples using QIAamp DNA blood kit following the manufacture’s instructions (Qiagen, Valencia, CA, USA). To extract DNA, we used 200 l of blood which was further solved in 200 l of distilled water [24]. Before PCR reaction, part of the extracted DNA was diluted into a concentration of 10 g/l. The qualities of isolated genomic DNAs were checked using the agarose gel electrophoresis and the quantities determined using spectrophotometry.
All SNP genotypings were performed using the Taqman SNP genotyping assay (ABI: Applied Biosystems Inc., Foster City, CA, USA). The primers and probes of SNPs were from ABI assay on demand kit. Reactions were carried out according to the manufacturer’s protocol. The probe fluorescence signal detection was performed using the ABI Prism 7900 Real-Time PCR System.
Statistical analysis

The categorical data were analyzed using the chi-square test. We compared differences for continuous variables using analysis of variance (ANOVA). We also assessed an obesity-related metabolic trait between genotypes by linear regression models [25]. Genotype frequencies were evaluated for Hardy-Weinberg equilibrium using a 2 goodness-of-fit test. Logistic regression was conducted to adjust for covariates. Odds ratios (ORs) and their 95% confidence intervals (CIs) were evaluated. The criterion for significance was set at P < 0.05 for all tests. Data are presented as mean ± standard deviation. The power to detect significant associations was calculated by QUANTO software (http://hydra.usc.edu/gxe/).
Results
Table 1 describes the demographic and clinical characteristics of the study population. The PPARG rs1801282 SNP was examined for its contribution to obesity in the complete sample population, including 324 lean subjects (BMI < 24), 208 overweight subjects (24 ≦ BMI < 27), and 131 obese subjects (BMI ≧ 27). As shown in Table 1, the distribution of age was well matched in unrelated overweight and lean subjects (P = 0.486) as well as in unrelated obese and lean subjects (P = 0.547). Moreover, there was a significant difference in gender, BMI, triglyceride, waist circumference, and systolic and diastolic blood pressure between overweight and lean subjects as well as between obese and lean subjects (Table 1, all P < 0.001, respectively). In addition, the values of fasting glucose (P = 0.036) were significantly higher in obese subjects in comparison to lean subjects. However, fasting glucose was similar between overweight and lean subjects (P = 0.281). Further, there was no significant difference for the values of total cholesterol between overweight and lean subjects (P = 0.441) as well as between obese and lean subjects (P = 0.444).
Now, we assessed whether the PPARG rs1801282 SNP is correlated with obesity-related metabolic traits in the study population. Table 2 describes the demographic and clinical characteristics of the complete sample population separated by genotypes. In the complete sample population, the percentage of male subjects was significantly higher in the CC homozygotes than in the combined CG and GG genotypes (58.6% vs. 43.9%; P = 0.005) as shown in Table 2. Moreover, BMI was marginally higher in the combined CG and GG genotypes than in the CC homozygotes (24.8±4.0 vs. 24.4±3.7 kg/m2; P = 0.055). However, there was no evidence of association between PPARG rs1801282 and other obesity-related measures and metabolic traits in the complete sample population.
In sub-group analyses by gender, we assessed whether the PPARG rs1801282 SNP is linked with obesity-related metabolic traits in both female and male subjects (Tables 3 and 4, respectively). In female subjects, BMI was significantly higher in the combined CG and GG genotypes than in the CC homozygotes (Table 3; 24.4±3.7 vs. 23.5±3.8 kg/m2; P = 0.033). In addition, total cholesterol was significantly higher in the CC homozygotes than in the combined CG and GG genotypes in female subjects (Table 3; 197.0±37.3 vs. 180.7±33.7 mg/dl; P = 0.026). There was no evidence of association between PPARG rs1801282 and other obesity-related measures and metabolic traits in female subjects. Further, we found that the PPARG rs1801282 SNP was not correlated with obesity-related metabolic traits in male subjects (Table 4).

Table 5 shows the genotype and allele distributions of the PPARG rs1801282 SNP in the case and control groups for (a) obese vs. lean subjects in the complete sample population, (b) overweight vs. lean subjects in the complete sample population, (c) obese vs. lean subjects in the female sample population, (d) overweight vs. lean subjects in the female sample population, (e) obese vs. lean subjects in the male sample population, and (f) overweight vs. lean subjects in the male sample population. Among the overweight and lean female subjects, an increased risk of overweight was detected in the PPARG rs1801282 polymorphism both in the allelic test (P = 0.024) and in the genotypic test (P = 0.028). Further, the PPARG rs1801282 SNP did not exhibit any significant association with obesity or overweight among the male subjects as well as in the complete sample population.
For the complete sample population, the genotype frequency distribution for the PPARG rs1801282 SNP was in Hardy–Weinberg equilibrium (P = 0.14). In addition, the genotype frequency distribution for the PPARG rs1801282 SNP was in Hardy–Weinberg equilibrium among the female subjects (P = 0.303) and among the male subjects (P = 0.389).
Moreover, the odds ratio analysis showed the risk genotypes of variants in PPARG rs1801282 after adjustment for covariates, indicating an increased overweight risk among the female subjects (Table 6). As demonstrated in Table 6, in the female subjects, the carriers of the combined CG and GG variants of the PPARG rs1801282 polymorphism had a higher risk to overweight than those with the CC variant (CC vs. CG+GG; adjusted OR = 4.05; 95% CI = 1.28–12.83; P = 0.017) after adjustment of covariates including triglyceride, waist circumference, and systolic and diastolic blood pressure. In addition, the odds ratio analysis showed the risk genotypes of variants in PPARG rs1801282 on overweight in the complete sample population after adjustment for covariates (CC vs. CG+GG; adjusted OR = 2.31; 95% CI = 1.01–5.24; P = 0.046). As shown in Table 6, the effects of the risk genotypes on overweight were obviously influenced by covariates in the complete sample population. On the contrary, the PPARG rs1801282 variant was not associated with obesity or overweight among male subjects in the odds ratio analysis (Table 6). 

Finally, statistical power analysis revealed that the present study had 99.6% power among obese and lean subjects and 99.9% power among overweight and lean subjects in the complete sample population to detect associations of PPARG rs1801282 with obesity or overweight, respectively. In the female subgroup, power was 99.9% among female obese and lean subjects and was 99.9% among female overweight and lean subjects, respectively. In the male subgroup, our study had 11.1% power among male obese and lean subjects and 26.2% power among male overweight and lean subjects, respectively.
Discussion
Our study is the first to date to have examined whether the main effects of the PPARG rs1801282 SNP are significantly associated with the risk of obesity and obesity-related metabolic traits amongst Taiwanese individuals from general health examinations. In this study, our results showed that PPARG rs1801282 was associated with overweight, BMI, and total cholesterol in the female Taiwanese subjects with general health examinations. Therefore, a promising finding reported for the first time was that the PPARG rs1801282 SNP may play an important role in the modulation of overweight and obesity-related metabolic traits in a female Taiwanese population.
Our analyses demonstrated that the PPARG rs1801282 SNP predicts overweight (in allelic test, genotypic test, and odds ratio analysis) and obesity-related metabolic traits such as BMI and total cholesterol in female but not male Taiwanese subjects. Sub-group analyses by gender were inspired by the previously observed sex-dependent effects of the PPARG rs1801282 SNP in the studies by González Sánchez et al. [11] and Ben et al [12]. Furthermore, González Sánchez et al. demonstrated that carriers of the G allele in the PPARG rs1801282 SNP were more insulin sensitive and had better lipid profiles than those with the CC genotype in the Spanish women but not men [11]. In a Finnish study on obese women, Valve et al. also reported a positive association between the PPARG rs1801282 SNP and severe overweight as well as increased fat mass among obese women such that the GG genotype was associated with increased BMI, fat mass, and waist and hip circumferences compared with those obese women with the CG or CC genotypes [26]. Possible explanations of the differences found in the results between men and women may be that women have a different adipose tissue distribution and PPARG mRNA expression is increased in subcutaneous adipose tissue [4,11].
The PPARG rs1801282 polymorphism has been widely implicated in affecting obesity risk [8,9], although genetic evidence of its effect on obesity has been inconsistent. In this study, single locus analyses did not show significant main effects of PPARG rs1801282 (in allelic test, genotypic test, or odds ratio analysis) on the risk of obesity in the complete sample population. Our results were in agreement with those of several other studies [16-21]. A previous study by Vaccaro et al. suggested no major involvement of the PPARG rs1801282 polymorphism in obesity in Italian subjects [16]. In addition, Oh et al. reported that PPARG rs1801282 may not be a determinant of obesity in a Korean population [17]. Clement et al. [18] and Ghoussaini et al. [19] also demonstrated that the PPARG rs1801282 polymorphism is unlikely to influence obesity in French subjects. Furthermore, Swarbrick et al. reported lack of association between PPARG rs1801282 and obesity in an Australian population [20]. Finally, Carlos et al. showed that there was no association of PPARG rs1801282 with BMI among Portuguese women [21].
In contrast to our study and the above reports [16-21], it has been suggested that there was a significant association between the G allele of PPARG rs1801282 and obesity in individuals of different ethnicity, including Finns [6], American Caucasians [10], Spanish men [11], Tunisian men [12], Iranians [13], and Indians [14,15]. The potential reasons for the discrepancies between these studies and our results may be the use of varied phenotype assessment, insufficient sample sizes, differences in ethnicity, effects of gender, different study designs, and a lack of adjustment for confounding effects [11,22,27,28]. Further, we speculated that this may, in part, be due to the differences across ethnic groups in the haplotypes of PPARG rs1801282 with other SNPs in the PPARG gene so that other variants around PPARG rs1801282 may influence the prevalence of overweight or obesity. There are large disparities in the G allele frequency of PPARG rs1801282 between populations of different ethnicities, ranging from 10-11.6% among French subjects, 10% among Indians, 8.9% in Spanish subjects, 4.1% in Tunisians, 3.9% among Koreans, and 10% in the present Taiwanese population in our study [11,12,15,17-19].
One limitation of this study is that the small size of the sample does not allow drawing definite conclusions [29]. The associations with BMI, total cholesterol, and overweight in women found in this study clearly need replication in other cohorts, in particular, the association of PPARG rs1801282 with overweight in women. Second, these findings may not be generalizable to other populations, and ethnically-matched studies would be necessary to know if such association is found in non-Taiwanese subjects [30,31]. In future work, large prospective clinical trials are necessary in order to answer whether this SNP is reproducibly associated with obesity and obesity-related metabolic traits.
Conclusion
In conclusion, our study has tested the association of PPARG rs1801282 SNP with obesity and obesity-related metabolic traits in Taiwanese subjects with general health examinations. Our findings support the possibilities that the PPARG rs1801282 SNP may be a determinant of overweight and obesity-related metabolic traits such as BMI and total cholesterol in female but not male Taiwanese subjects. However, some trends indicate that larger sample sizes may be able to determine more conclusively an association of the PPARG rs1801282 polymorphism with at least some of the evaluated traits. Independent replications in large sample sizes are needed to confirm the role of the PPARG rs1801282 polymorphism found in this study.
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