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Abstract 
 

Aims: In this study, we determined the association between rs1801282 (Pro12Ala), a genetic 

variant of the PPARG gene, with GDM among Filipinos.  

Methods: A cross-sectional design study was utilized, and with ethical approval, 258 pregnant 

women (86 cases and 172 controls) from various clinics and hospitals in Metro Manila, 

Philippines were recruited. Whole blood and serum samples were taken from each participant 

for analysis. Laboratory tests such as oral glucose tolerance test, glycated hemoglobin, and 

lipid profile were performed. Genomic DNA was extracted from the buffy coat and was 

subjected to analysis using TaqMan assay to identify the genetic polymorphism.  

Results: Results of the study suggest that the C/G and G/G genotypes are significantly 

associated with GDM development. Moreover, the presence of C/G and G/G genotypes are 

significantly associated with fasting blood sugar, total cholesterol, and low-density lipoprotein 

cholesterol levels. On the other hand, the C/C genotype is significantly correlated with 

triglycerides and very low-density lipoprotein levels.  

Conclusion: Overall, a significant association between the rs1801282 polymorphism of the 

PPARG gene and GDM was observed. However, further studies are still needed to confirm the 

results of our study. 
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Introduction 
 

Gestational diabetes mellitus (GDM), one of the most recurrent metabolic diseases during 

pregnancy, has been tagged as “a disease across two generations,” as it affects both the mother 

and the baby. World Health Organization defines it as any degree of glucose intolerance with 

first recognition during pregnancy. Although, it disappears immediately after baby delivery, it 

is associated with various maternal, neonatal and fetal complications. Maternal complications 

include pre-eclampsia, antepartum hemorrhage, urinary tract infection. While fetal and 

neonatal complications include macrosomia, fetal malformation, sepsis, neural tube defects, 

cardiovascular defects, and among others [1,2]. Long term complications are also observed, 

such as the risk for metabolic syndrome, obesity, hypertension, and type 2 diabetes mellitus 

(T2DM) [3]. Studies have shown that mothers with GDM and babies born from mothers with 

GDM have 15 to 50% chance of developing T2DM [4]. Pregnant women worldwide suffer 

from this health condition, which is a complex disease resulting from many risk factors, such 

as sedentary lifestyle, age, weight, genetics, and lipoprotein levels. Several studies have been 

conducted that determined the association of various genetic variants with the development of 

GDM and even lipoprotein levels [5]. Abdominal obesity, sedentary lifestyle, advancing age, 

and genetic and epigenetic factors affecting glucose homeostasis are thought to be key 

contributing factors [6]. Numerous genetic markers have been associated with GDM, one of 

which that shows a promising correlation is the peroxisome proliferator-activated receptor 

gamma (PPARG). 

 

The PPARG is a ligand-activated transcription factor located at 3p25, which plays an essential 

role in the regulation of lipid storage, fatty acid uptake, glucose uptake, and energy balance. It 

has a significant role in the formation of adipose tissue and the subcellular metabolism of the 

macrophage cells in the arterial wall [7]. The PPARG also activates genes involved in both 

glucose and insulin metabolism [8,9]. Several single nucleotide polymorphisms (SNPs) in the 

PPARG have been reported to be associated with lipoprotein levels. From among these 

polymorphisms, one significant SNP is the rs1801282 (Pro12Ala) in the PPARG that has been 

proven to be related to lipoprotein levels of certain individuals [10–12]. The rs1801282 is a 

polymorphism that results in the CCA to GCA or proline to alanine substitution located at the 

exon 2 codon 12 of the PPARG gene [13,14]. Multiple studies have stated that the Pro12Ala 

polymorphism improves insulin sensitivity in humans [15,16]. Individuals who have at least 

one copy of Ala have lower BMI and higher insulin sensitivity. Also, having the Ala allele 

appeared to have a protective role against T2DM [17]. However, there are also studies showing 

a completely different result, that is, Pro12Ala polymorphism is linked to risk of T2DM [14].  

 

Several studies on the association of the rs1801282 SNP in the PPARG gene with the incidence 

of T2DM and its possible effect on serum lipoprotein levels and metabolic syndrome have been 

conducted. However, limited studies included pregnant women with GDM, and none in the 

Philippines. GDM has been said to have the same pathophysiology or hallmark with T2DM, 

that is, insulin resistance. Hence, in this study, we determined the association of the rs1801282 
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polymorphism with the incidence of GDM among pregnant women in the National Capital 

Region, Philippines using a cross-sectional research design. Also, we determined the 

association of the said polymorphism with blood glucose, glycated hemoglobin, and serum 

lipid profile levels among the study population.  

  

Materials and Methods 
 

Research design, respondents, and study site 

 

This study used a cross-sectional design wherein the exposure (presence of the SNP) and 

outcome (presence of GDM) of pregnant women were simultaneously measured. A total of 258 

pregnant women was recruited using a purposive sampling technique and grouped into GDM 

(86) and non-GDM (172) following oral glucose tolerance and physician’s diagnosis. 

Participants included were pregnant women aged 18 to 45 years old and are free from any 

recognizable diabetes. Those excluded were pregnant women diagnosed with metabolic 

disease (e.g., thyroid disease, polycystic ovarian syndrome) before pregnancy and those with a 

previous history of GDM. All pregnant women participating in the study were recruited from 

various hospitals, birthing clinics, and clinical laboratories in the National Capital Region, 

Philippines. 

 

Patient interview, physical assessment, and sample collection  

 

Using a structured interview guide, information such as age, address, occupation, civil status, 

nationality, medical, family, and obstetric history were obtained. Height, pre-gestational, and 

gestational weight and age of gestation were also determined. From these measured variables, 

body mass index (BMI) was computed. Blood samples were collected from each participant. 

Serum samples were obtained and were used for oral glucose tolerance test (OGTT) and lipid 

profile testing. Anticoagulated whole blood was used for glycated hemoglobin (HbA1c) testing 

and genomic DNA extraction.  

 

Biochemical analysis 

 

Two-hour OGTT using 75 grams glucose load was used to determine if participants have GDM 

or none. The routine glucose oxidase-peroxidase coupled reaction was used to quantitate the 

concentration of glucose. Results of the OGTT 75-grams was then interpreted using the 

IADPSG criteria as recommended by the results of a previous study by the same author [18]. 

Using this criterion, GDM is identified if any of the following values are met or exceeded: 

fasting (5.1 mmol/L); 1st hour (10.0 mmol/L); and 2nd hour (8.5 mmol/L). Lipid profile 

parameters tested include total cholesterol (TC), triglycerides (TAG), low-density lipoprotein 

cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and very low-density 

lipoprotein cholesterol (VLDL-C). A coupled enzymatic assay was used to determine the levels 

of TC and TAG in the serum. For HDL determination, a precipitation technique using 

polyethylene glycol in a glycine buffer was used. The concentration of LDL-C and VLDL-C 

were derived following Friedewald’s equation. Lastly, HbA1c levels in whole blood were 

tested using a boronate affinity assay. 
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Genomic DNA extraction, purification, and genotyping 

 

Buffy coat from anticoagulated whole blood was isolated after spinning the samples at 2500 

RPM for 10 minutes at room temperature. Genomic DNA was then extracted using the QIAamp 

DNA Blood Mini Kit with modifications. The quality of the extracted DNA was assessed using 

a combination of UV-Vis NanoDrop spectrophotometry and agarose gel electrophoresis. 

Qiagen Rotor-Gene Q5 Plex real-time PCR was used for gene amplification. The Pro12Ala 

polymorphism was genotyped using TaqMan genotyping assay. The context sequence used 

with the [VIC/FAM] dye to detect this was: 

AACTCTGGGAGATTCTCCTATTGAC[C/G]CAGAAAGCGATTCCTTCACTGATAC. 

 

Ethical considerations 

 

Ethical approval for this study is covered by the clearance given to the project entitled “Blood 

and Placental Gene Expression in Gestational Diabetes Mellitus: Potential Identification of 

Early Biomarkers” by the University of Santo Tomas Graduate School – Ethics Review 

Committee (E-2016-02-R3). Informed consent was obtained from the participants to ensure the 

voluntariness of participation. All participant identifiers were removed during the processing 

of samples and data analysis.  

 

Statistical analysis 

 

A combination of Microsoft Excel 2016, MedCalc free online calculator, and SPSS version 23 

were used in the study. Mann-Whitney U-test was used to determine if there was a significant 

difference in various physical and biochemical characteristics between two study groups. 

Point-biserial correlation, on the other hand, was used to determine the association of the 

rs1801282 genotypes and alleles with the various physical and biochemical characteristics of 

the participants. Whereas, Pearson’s chi-square was used to determine the association of the 

said polymorphism with GDM development. Lastly, odds ratio computation was used to 

determine the likelihood of developing GDM depending on the pregnant women’s genotypic 

and allelic characteristics. 

 

Results And Discussion 
 

Physical and biochemical characteristics of GDM and non-GDM participants 

 

Table 1 illustrates the different parameters between non-GDM and GDM patients recruited. 

Variables such as age (p = 0.02), weight before pregnancy (p < 0.001), weight during pregnancy 

(p < 0.001), BMI (p < 0.001), fasting blood sugar (FBS) (p < 0.001), OGTT 1st hour (p < 0.001), 

and OGTT 2nd hour (p < 0.001) were significantly higher among the GDM group, which may 

indicate that factors such as age and BMI are strong predictors of GDM development. On the 

other hand, TC levels (p < 0.001) were significantly higher among the non-GDM group 

compared to the GDM group. These findings were consistent with findings from previous 

studies. Based on the study of Makgoba et al. (2011), similar results showed that development 

of GDM has a strong positive association with advancing maternal age [19]. Another study 
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indicated that the risk of GDM becomes significantly and progressively increased from 25 

years onwards [20]. With regards to maternal BMI, Kim et al. in 2010 attributed a large 

percentage of GDM cases were related to having overweight and obese BMI [21, 22]. 

Moreover, the study conducted by Cavicchia et al. in 2014 suggests an increased risk of GDM 

development among overweight, obese, and extremely obese women [23]. Further studies 

showed that excessive weight gain is considered as a risk factor for GDM development [24], 

and women with GDM have a higher BMI compared to those without [25].  

 

Table 1: Mann-Whitney U-test analysis of the physical and biochemical characteristics of non-

GDM and GDM participants. 

 

PARAMETER Non-GDM (n = 172) GDM (n = 86) p-value 

Age (years) 25.0 ± 6.7 26.5 ± 8.1 0.02* 

Weight before pregnancy (kg) 50.9 ± 12.5 58.8 ± 14.1 <0.001* 

Weight during pregnancy (kg) 59.1 ± 14.9 64.6 ± 12.0 <0.001* 

Height (m) 1.5 ± 0.2 2.5 ± 7.3 0.86 

Body mass index 23.9 ± 7.8 25.5 ± 7.5 0.01* 

FBS (mmol/L) 4.2 ± 0.5 5.5 ± 1.1 <0.001* 

OGTT 1st hour (mmol/L) 6.7 ± 1.5 8.5 ± 2.7 <0.001* 

OGTT 2nd hour (mmol/L) 5.7 ± 1.2 7.6 ± 2.5 <0.001* 

HbA1c (%) 5.1 ± 1.2 5.4 ± 1.0 0.18 

Triglycerides (mmol/L) 3.7 ± 1.5 4.5 ± 3.0 0.21 

Total Cholesterol (mmol/L) 5.6 ± 2.0 4.5 ± 3.0 <0.001* 

HDL Cholesterol (mmol/L) 1.9 ± 0.9 2.1 ± 1.1 0.12 

LDL Cholesterol (mmol/L) 2.4 ± 1.4 2.4 ± 1.7 0.82 

VLDL Cholesterol (mmol/L) 1.7 ± 1.5 1.6 ± 0.8 0.21 

FBS: fasting blood sugar; OGTT: oral glucose tolerance test; HDL: high-density lipoprotein; LDL: 

low-density lipoprotein; VLDL: very low-density lipoprotein: GDM: gestational diabetes mellitus  

*significant at p-value < 0.05 

 

Association of the rs1801282 SNP with various GDM-associated parameters 

 

As shown in Table 2, the C/G genotype, G/G, and the C allele are significantly correlated with 

FBS, TC, and LDL-C levels. Both the C/G genotype and the C allele show a positive correlation 
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with the FBS levels, therefore suggesting that its presence increases FBS levels. For the TC 

and LDL-C levels, the C/G genotype and the C allele show a negative correlation, therefore, 

suggesting that its presence decreases the abovementioned parameters. The G/G genotype 

showed a positive correlation with both TC and LDL-C levels and a negative correlation with 

FBS levels. Similar results were seen in a previous study conducted by Bego et al. (2011) 

wherein, an increased level of TC and LDL-C levels are observed among those with G/G 

genotype [26]. Also, other studies suggest that the SNP causes an impaired clearance of LDL-

C and VLDL-C that results in elevated serum levels of TC, LDL-C, and VLDL-C [27] which 

is consistent with the present study. However, in some studies, the C/C and C/G genotypes of 

the rs1801282 SNP has been found to have a protective role [28, 29] against GDM development 

which is contradictory with our findings.  

 

Table 2 also suggests that the C/C genotype and the G allele are both significantly correlated 

with TAG and VLDL-C levels. The C/C genotype showed a positive correlation suggesting 

that its presence significantly increases the said lipoprotein levels. The G allele, on the other 

hand, showed a negative correlation with both TAG and VLDL-C levels indicating that its 

presence significantly decreases the levels of the two. These results were consistent with the 

study conducted by Muñoz-Yañez et al. in 2016, AlSaleh et al. in 2011 and Huang et al. in 

2011, wherein they observed a negative correlation between the Pro12Ala polymorphism and 

triglyceride levels [30–32]. No single mechanism can fully explain this association. In the study 

of Hugeunin et al. (2010), the Pro12Ala polymorphism is associated with decreased 

transcriptional activity and increased insulin sensitivity among Caucasians. The increased 

sensitivity to insulin promotes fat deposition in adipose tissue and to the decreased levels of 

TAG in serum [33]. Another suggested mechanism is the role of PPARG in the metabolic 

pathway. CD36 is a receptor for long-chain fatty acids and is a direct up-regulation target gene 

of PPARG. CD36 function as a transporter of fatty acids in adipose tissue, which facilitates 

fatty acid uptake and lipid accumulation in adipocytes [34].  

 

Table 2: Point-biserial correlation of the rs1801282 genotype and allele with various GDM-

associated parameters. 
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Association of the rs1801282 SNP with GDM 

 

Table 3 summarizes the result for the association of the SNP with GDM. Also, the table shows 

the minor allele frequency (0.79) and the results of the Hardy-Weinberg equilibrium 

computation (p < 0.001). As shown in Table 3, the majority of non-GDM pregnant women 

have a G/G genotype (64.5%) as compared to the GDM group (45.4%). On the other hand, the 

majority of pregnant women with GDM have a C/G genotype (54.7%). As for the alleles, the 

G allele was observed in both groups (99.4%-100%). These results suggest that the presence 

of G allele and the G/G genotype is associated with a reduced incidence of GDM among the 

participants. As for the likelihood of GDM development, results are also summarized in Table 

3. The individual odds ratios suggest that that the presence of the heterozygous C/G genotype 

(OR:2.25; 95% CI: 1.33-3.81; p < 0.001) and the ancestral C allele (OR:2.19; 95% CI: 1.29-

3.71; p < 0.001) significantly increases the likelihood of developing GDM. On the other hand, 

the presence of G/G genotype (OR:0.46; 95% CI: 0.27-0.77; p < 0.001) showed a significant 

protective role against GDM development.  

 

Table 3: Pearson’s chi-square analysis and odds ratio computation analysis of the association 

of the rs1801282 genotypes and allelic frequencies with GDM. 

 

 
 

Results of the present study were similar from the studies of Stuebe et al. (2014) and Kawai et 

al. (2017), where an increased risk of developing GDM was observed among pregnant women 

with the C allele [35, 36]. In a study conducted by Zhang et al. in 2013, they indicated that the 

C allele of the rs7754840 SNP was significantly associated with risk of GDM while the G allele 

of rs1801282 SNP was not significantly associated with the possibility of developing GDM 

[37]. Furthermore, in a study by Zhu et al. in 2017, they were able to show that the 

polymorphism in the gene increases the risk of T2DM development [38]. Lastly, a study 

conducted by Lin et al. in 2018 pointed out that after pooling data from eight studies that 

included Asian pregnant women, the mutant G allele of the rs1801282 polymorphism was 

significantly associated with decreased GDM risk under the dominant model (GG + GC vs 

CC), heterozygous model (GC vs. CC), and allele model (G allele vs. C allele), but not under 

the recessive and homozygous models [39]. A possible reason for these result is the interaction 
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between the PPARG genotype and circulating lipids on insulin resistance (IR) as proposed by 

Stryjecki et al. [10]. Lower fasting insulin concentration and insulin sensitivity are observed 

among carriers of the Ala12 allele when TC levels are high. Carriers of this allele were found 

to be insulin sensitive despite high levels of circulating LDL-C, further suggesting the 

protective role of the polymorphism against IR development despite the presence of 

dyslipidemia [40]. Moreover, another possible reason is that the PPARG also regulates genes 

involved in insulin signaling and the expression of proinflammatory cytokines [41,42]. 

 

The biochemical profile between pregnant women with the G/G genotype versus those 

with the C/C and C/G genotypes 

 

In order to determine the influence of the SNP with the biochemical profile of the pregnant 

women, participants were sub-grouped based on their genotypes (G/G vs. C/C + C/G). The 

results are summarized in Table 4. Based on the results, FBS is significantly higher (p < 0.001) 

among those with the C/C + C/G genotypes compared to those with the G/G genotype. On the 

other hand, TC (p < 0.001) and LDL-C (p = 0.01) levels are higher among those with the G/G 

genotype. These results are in agreement with a study conducted by Franzago et al. in 2017, 

where they found out that the rs1801282 SNP correlates with LDL-C levels among pregnant 

women on their third trimester [43]. Other studies by Plescovic et al. (2016) and Alves et al. 

(2017) indicated that the mutant allele of the rs1801282 SNP is associated with high levels of 

TAG and LDL-C [8, 44]. As explained by Jiang et al. in 2017, the high levels of TAG and 

LDL-C brought by the SNP leads to impaired cholesterol homeostasis, obesity, and especially 

the development of diabetes mellitus [45]. The relationship between the rs1801282 SNP with 

lipid profile levels may be explained by the importance of the PPARG in the regulation of 

genes encoding for proteins involved in adipocyte differentiation and lipid storage [46].  

 

Table 4: Mann-Whitney U-test analysis of the lipid profile levels between pregnant women 

with the G/G genotype versus those with C/C and C/G genotypes. 

 

PARAMETER G/G C/C + C/G p-value 

FBS (mmol/L) 4.5 ± 0.8 4.9 ± 1.1 <0.001* 

OGTT 1st hour (mmol/L) 7.1 ± 2.0 7.5 ± 2.3 0.15 

OGTT 2nd hour (mmol/L) 6.3 ± 1.9 6.4 ± 2.0 0.29 

HbA1c (%) 5.2 ± 0.8 5.2 ± 0.7 0.95 

Triglycerides (mmol/L) 3.7 ± 1.6 3.4 ± 1.5 0.22 

Total Cholesterol (mmol/L) 5.6 ± 2.2 4.7 ± 2.6 <0.001* 

HDL Cholesterol (mmol/L) 1.9 ± 0.9 2.0 ± 1.0 0.06 

LDL Cholesterol (mmol/L) 2.6 ± 1.5 2.2 ± 1.5 0.01* 

VLDL Cholesterol (mmol/L) 1.7 ± 0.7 1.6 ± 0.7 0.22 

HDL: high-density lipoprotein; LDL: low-density lipoprotein; VLDL: very low-density 

lipoprotein: GDM: gestational diabetes mellitus  

*significant at p-value < 0.05 
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Conclusion 
 

To our knowledge, this is the first study that determined the association of the rs1801282 SNP 

(Pro12Ala or CCA to GCA) in the PPARG gene with GDM among Filipinos. Previous studies 

explicitly indicated the genetic variability depending on ethnicity of polymorphism studies. 

Based on our results, among the pregnant Filipino women enrolled in this study, the presence 

of the C allele and the heterozygous C/G genotype were found to be significantly associated 

with an increased likelihood of GDM development. Meanwhile, the presence of the G/G 

genotype showed a significant protective role against GDM. Furthermore, the presence of the 

G/G genotype corresponds to lower levels of FBS but higher levels of TC and LDL-C. On the 

other hand, the C/C genotype is related to higher levels of TAG and VLDL-C while the C/G 

genotype is correlated with higher levels of FBS and lower levels of TC and LDL-C.  
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