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Introduction

Type 2 diabetes mellitus (T2DM) is a major 
global health challenge, affecting 10.5% of 
the global population and ranking Indonesia 
consistently among the top ten countries 

with the highest disease burden.1 In Bengkulu  
Province, the prevalence of T2DM has risen 
more than threefold in the past five years, 
underscoring a rapidly growing public health 
concern.2,3 T2DM is a complex metabolic 
disorder characterized by elevated blood 
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Abstract

Background: Genetic and environmental factors influence the onset and 
progression of type 2 diabetes mellitus (T2DM). Variants affecting peroxisome 
proliferator activated-receptor gamma (PPAR-γ) and potassium, inwardly 
rectifying channel subfamily J member 11 (KCNJ11) may alter insulin secretion 
and sensitivity. This study investigated the association between PPAR-γ and 
KCNJ11 gene expression and the risk of T2DM among first-generation (F1) 
offspring of T2DM patients of Lembak ethnicity in Bengkulu, Indonesia.
Methods: A cross-sectional observational study was conducted from July 
to September 2024, recruiting 60 unrelated participants aged 18–40 years, 
all of whom were exposed to the neron tradition (high-sugar consumption). 
Gene expression of PPAR-γ and KCNJ11 was determined using real-time 
quantitative PCR (qRT-PCR). 
Results: F1 offspring of T2DM patients (n=30) had significantly (p<0.05) 
higher body weight (66.89±15.62 kg; p=0.008), body mass index (BMI) 
(23.55±3.46 kg/m2), HbA1C (6.55±1.25), random blood glucose levels 
(median 131 [75–371] mg/dl), and duration of neron consumption (median 
3 [1–12] years) compared with controls (n=30). PPAR-γ expression differed 
significantly between group (1.60±2.91 vs 4.23±8.54; p=0.009), whereas 
KCNJ11 expression did not (0.79±0.76 vs 1.37±0.89; p=0.124). Multivariate 
analysis revealed no correlation between gene expression and the patients 
characteristic (p>0.05). Linear regression showed 30.4% of PPAR-γ and 
45.8% of KCNJ11 variability.
Conclusions: PPAR-γ expression is associated with T2DM onset among 
Lembak F1 offspring, whilst KCNJ11 expression is not. Multiple genetic and 
environmental factors likely contribute to disease progression. Screening for 
PPAR-γ expression may support interventions targeting insulin sensitivity 
and lipid metabolism.
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glucose levels due to impaired insulin 
function.4 

The development of T2DM is determined 
by various environmental and genetic factors. 
Psychosocial and lifestyle influences, poor 
dietary habits, family history, age, ethnicity, 
and genetic predispositions are linked to T2DM 
and blood sugar regulation.5 Understanding 
the mechanisms underlying the interactions 
between environmental exposures such as 
diet, physical inactivity, and psychosocial 
stress and inherited genetic susceptibility is 
crucial, especially in population with unique 
cultural or lifestyle patterns.

Genome-wide association studies have 
identified several genetic variants associated 
with  susceptibility of T2DM, including 
peroxisomal proliferator-activating receptor 
gamma (PPAR-γ) and potassium inwardly 
rectifying channel subfamily J member 11 
(KCNJ11).6,7 PPAR-γ is a nuclear transcription 
factor regulating insulin sensitivity, 
glucose utilization and lipid metabolism. 
Dysregulation of its expression has been 
implicated in impaired insulin signaling and 
T2DM pathogenesis.8 Meanwhile, KCNJ11 
gene, positioned at 11p15.1, comprises a single 
exon encoding the Kir6.2 protein, which is the 
inner segment of the adenosine triphosphate-
sensitive potassium ion channel (KATP) in 
pancreatic beta cells, where it is crucial for 
the regulation of insulin secretion.9 Variants 
or altered  expression of KCNJ11 can reduce 
channel sensitivity and impair insulin release, 
contributing to hyperglycemia.10 Although 
numerous studies report associations between 
PPAR-γ or KCNJ11 polymorphisms such 
as rs5219 and T2DM, findings vary widely 
across ethnic group, with several populations 
showing no significant correlation.11–14 This 
inconsistencies highlight the influence of 
ethnic-specific genetic backgrounds and 
lifestyle factors.15,16 

Despite evidence linking these genes to 
T2DM, no previous studies have evaluated 
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PPAR-γ and KCNJ11 gene expression among the 
Lembak ethnic group in Bengkulu, Indonesia, a 
population with distinctive high-sugar dietary 
tradition (neron). This population presents a 
unique model for studying gene-environment 
interactions. This study aimed to investigate 
the differential association of PPAR-γ and 
KCNJ11 gene expression with the risk and 
progression of T2DM among first generation 
(F1) offspring of T2DM patients within the 
Lembak ethnicity in Bengkulu, Indonesia. 

Methods

This analytical observational study used cross-
sectional design and was conducted from July 
to September 2024. A total of 60 participants 
of Lembak ethnicity in Bengkulu, aged 18–40 
years, were included and categorized into two 
primary groups. The first group comprised 
30 individuals (15 female and 15 male) who 
were F1 offspring of patients with T2DM, and 
possessed a neron. The second group consisted 
of 30 individuals (17 female and 13 male) who 
were F1 offspring of non-T2DM parents, had 
normal random glucose levels, and served 
as controls. All participants in both groups 
practiced neron, a traditional dietary habit 
of the Lembak ethnic group characterized 
by high sugar consumption. This practice 
involved adding sugar in a greater quantity 
than tea or coffee powder, at an approximate 
ratio of 2:1, with consumption occurring two 
or three times. daily in the morning, afternoon 
and evening. 

Exclusion criteria included pregnant and 
breastfeeding women, individuals diagnosed 
with metabolic disorders such as T2DM, 
metabolic syndrome, or type 1 diabetes 
mellitus (T1DM), cancer, active infections, and 
congenital diseases. 

Demographic data, including age, sex, 
sugar intake, neron duration, and neron 
consumption frequency, were collected 
directly using a brief questionnaire. 

Table 1 Real-Time Quantitative PCR Primers Sequences
Genes Primer Sequences Sequence

PPAR-γ Forward
Reverse

5'-CGAGGACACCGGAGAGGG-3'
5'-TGTGGTTTAGTGTTGGCTTCTT-3'

KCNJ11 Forward
Reverse

5′- ATCCAGGGTGTTACAAGGCA-3
5′-TTTCAGGGACCAAGTAGAGCTG-3′

GADPH Forward
Reverse

5′-AGGTCGGTGTGAACGGATTTG-3′
5′-TGTAGACCATGTAGTTGAGGTCA-3′

Note: PPAR-γ= peroxisomal proliferator-activating receptor gamma, KCNJ11= potassium inwardly rectifying channel 
subfamily J member 11, GADPH= glyceraldehyde 3-Phosphate dehydrogenase
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Anthropometric measurements included 
body weight,  height, and waist circumference. 
Body weight was measured using a calibrated 
digital scale with participants barefoot, while 
height was measured using a stadiometer 
with participants standing upright. Body 
mass index (BMI) was calculated using 
the standard formula (weight in kilograms 
divided by height in meters squared). Waist 
circumference was measured using a flexible 
measuring tape positioned at  the between the 
lowest rib margin and the iliac crest along the 
mid-axillary line.

Blood samples were collected immediately 
after anthropometric  measurements. Serum 
samples were obtained using EDTA tubes 
supplemented with RNA shield and stored 
at –80°C until analysis. Plasma glucose 
and hemoglobin A1c (HbA1c) levels were 
measured using enzymatic methods with 
commercially available reagents.

For gene expression analysis, total RNA 
was isolated from 500 µl of serum using the 
using the Geneaid Total RNA Mini Kit (Blood) 
QAIC/TW/50077 (Geneaid, Taiwan), following 
the manufacturer’s instructions. The quality 
of total RNA was verified by agarose gel 
electrophoresis and A260/280 absorbance 
ratios, while RNA concentration and purity 
were measured using a Four E Micro Volume 
Spectrophotometer. Because of the variability 
in concentration across samples, RNA 
concentrations were normalized to 25 ng/
µl prior to analysis. Reverse transcription 
was performed using 1 μg of total RNA to 
synthesize complementary DNA (cDNA). The 
primer sequences are listed in Table 1.

Expression level of PPAR-γ and KCNJ11 
were determined using real-time quantitative 
reverse transcription chain reaction (qRT-

PCR) with glyceraldehyde 3-Phosphate 
dehydrogenase (GAPDH) as the housekeeping 
genes. Relative genes expression was 
calculated using the ∆CT method, and 
expression ratios were determined using 
the equation 2^(CT reference−CT target), as 
previously described.17–18

All participants provided written informed 
consent after receiving a full explanation of 
the study procedures and potential risks. 
The study adhered to the guidelines of the 
principles of Declaration of Helsinki and 
was approved by the Health Research Ethics 
Committee of the Faculty of Medicine and 
Health Science Universitas Bengkulu (no. 157/
UN30.14.9/LT/2024).

Numerical data were presented as mean ± 
standard deviation (SD), while non-normally 
distributed variables were presented 
as median (minimum–maximum). Data 
normality was assessed using the Kolmogorov-
Smirnov test. Independent t-test or Mann-
Whitney U test were used to compare variables 
between groups as appropriate. Multivariate 
linear regression analysis was used to 
examine relationship between participants 
characteristics and mRNA expression levels of 
PPAR-γ and KCNJ11 genes. Statistical analyses 
were conducted using SPSS version 26 for Mac 
(SPSS, Chicago, IL, USA). A p-value <0.05 was 
considered statistically significant.

Results

Participants who were F1 offspring of patients 
with T2DM had significantly higher body 
weight and BMI compared with F1 offspring 
of non-T2DM parents (66.89±15.62 kg vs 
57.87±8.85 kg, p=0.008; and 23.55±3.46 kg/m² 
vs 21.68±3.00 kg/m², p=0.011, respectively). 
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Table 2 Baseline Clinical and Biochemical Characteristics of the Study Population
Variables F1 of T2DM (n=30) F1 of Non-T2DM (n=30) p value

Age (years)
Gender (male/female)
Body weight (kg)
Height (cm)
BMI (kg/m²)
Waist circumference (cm)
HbA1c (%)
Glucose ad Random (mg/dl)
Sugar intake (tablespoon/day)
Neron duration (year)
Neron frequency (day)

22 (18–39)
15/15

66.89±15.62
164.53±8.10
23.55±3.46  

88.73±12.72
6.55±1.25)

131 (75–371)
2 (1–3)

3 (1–12)
2 (1–6)

21 (18–39)
13/17

57.87±8.85
163.37±7.48
21.68±3.00

83.00±12.47
5.69±0.57

108 (73–182) 
1.75 (1–3)
2 (1–13)
2.2 (1–5)

0.211
0.608

0.008**
0.564
0.011*
0.083

0.001**
0.002**
0.053
0.039*
0.380

Note: Data are presented as mean ± SD or median (min–max) *p<0.05; *p<0.01, BMI= body mass indeks; HbA1c= 
hemoglobin A1c
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Additionally, the duration of practicing the 
Neron tradition was also significantly longer 
in the F1 T2DM group than in the non-T2DM 
group (median 3 (1–12) years vs. 2 (1–13) 
years; p=0.039) (Table 2). 

Furthermore, biochemical parameters 
showed that HbA1c levels were significantly 
higher in the F1 T2DM group compared 
with the non-T2DM group (6.55±1.25% vs 
5.69±0.57%, p=0.001). Random blood glucose 
levels were also significantly elevated in the 
F1 T2DM group (median 131 (75–371) mg/

dL) compared with controls (108 (73–182) 
mg/dL), p=0.002). No significant differences 
were observed between groups with respect 
to age, gender distribution, height, waist 
circumference, daily sugar intake, or neron 
consumption frequency (Table 2).

RNA concentration and purity did not 
differ significantly between groups. The F1 
non-T2DM group showed a non-significant 
trend toward higher RNA concentration and 
purity compared with the F1 T2DM group 
(59.67 (29.67–126.98) ng/µl; 1.98±0.05 vs 
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Table 5 Multivariate Linear Regression Analysis of PPAR-γ and KCNJ11 Gene Expression

Genes Variable
PPAR-γ mRNA Expression (n=60)

p-value
95% CI For Exp(B)

r2

Lower Upper
PPAR-γ Age (years)

Gender (male/female)
Body weight (kg)
Height (cm)
BMI (kg/m²)
Waist circumference (cm)
HbA1c (%)
Glucose ad random (mg/dl)
Sugar intake (tablespoon/day)
Neron duration (year)

0.686
0.844
0.782
0.769
0.544
0.977
0.570
0.496
0.356
0.376

–0.412
–1.754
–1.767
–5.975
–0.156
–1.922
–0.060
–1.894
–1.147
–2.406

0.273
2.138
1.338
4.444
0.292
1.979
0.033
3.855
0.420
0.925

0.304
0.304
0.304
0.304
0.304
0.304
0.304
0.304
0.304
0.304

KCNJ11 Age (years)
Gender (male/female)
Body weight (kg)
Height (cm)
BMI (kg/m²)
Waist circumference (cm)
HbA1c (%)
Glucose ad random (mg/dl)
Sugar intake (tablespoon/day)
Neron duration (year)

0.778
0.801
0.802
0.865
0.967
0.130
0.886
0.962
0.522
0.097

–0.049
–0.277
–0.172
–0.603
–0.027
–0.436
–0.005
–0.337
–0.067
–0.388

0.037
0.215
0.221
0.716
0.029
0.058
0.006
0.355
0.131
0.033

0.458
0.458
0.458
0.458
0.458
0.458
0.458
0.458
0.458
0.458

Table 4 PPAR-γ and KCNJ11 mRNA Expression Levels (2^(-ΔΔCt )) 
Genes Group Mean±SD p value

PPAR-γ F1 of T2DM  
F1 of non-T2DM

1.60±2.91
4.23±8.54

0.009**

KCNJ11 F1 of T2DM  
F1 of non-T2DM

0.79±0.76
1.37±0.89

0.124

Note: Data are presented as mean ± SD; **p<0.01

Table 3 RNA Concentration and Purity 
Variables F1 of T2DM subjects (n=30) F1 of Non-T2DM subjects (n=30)

RNA Concentration (ng/µl) 56.45±22.17 59.67 (29.67–126.98)
RNA Purity (A260/280) 1.97 (1.82–2.06) 1.98±0.05

Note: Data are presented as mean ± SD or median (min–max) 
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56.45±22.17 ng/µl; 1.97 (1.82–2.06) (Table 3).
Analysis of gene expression demonstrated 

that PPAR-γ mRNA expression was significantly 
higher in the F1 of non-T2DM group than in the 
F1 of T2DM group (4.23±8.54 vs 1.60±2.91, 
p=0.009). Conversely, there was no significant 
difference in KCNJ11 gene expression between 
the two groups (0.79±0.76 vs 1.37±0.89, 
p=0.124) (Table 4).

Multivariate linear regression analysis 
revealed no significant associations between 
expression levels of PPAR-γ or KCNJ11 and 
patient characteristic variables, such as age, 
BMI, waist circumference, HbA1c, and current 
blood sugar levels (all p>0.05). The regression 
model yielded 30.4% of the variance in 
PPAR-γ expression (r²=0.304) and 45.8% of 
the variance in KCNJ11 expression (r²=0.458) 
suggesting that a substantial proportion of 
gene expression variability may be influenced 
by factors not evaluated in this study (Table 5).

Discussion

The progression of T2DM is influenced by 
the expression of multiple genes involved 
in metabolic regulation, inflammation, and 
the cellular stress response. Among these, 
PPAR-γ and KCNJ11 play distinct roles, 
and accumulating evidence underscoring 
differences in their gene expression patterns 
during T2DM progression.10,19 PPAR-γ 
functions as a nuclear receptor regulating 
adipogenesis, lipid metabolism, and insulin 
sensitivity. Genetic variations can alter PPAR-γ 
binding affinity to DNA and transcriptional 
activity, thereby contributing to interindividual 
differences in diabetes risk.20 Meanwhile, 
KCNJ11 plays a critical role in insulin secretion 
through its regulation of ATP-sensitive 
potassium channels in pancreatic β-cells. 
Alteration in KCNJ11 expression or pathogenic 
variants may disrupt β-cell membrane 
depolarization, impair insulin secretion, and 
contribute to hyperglicemia.21

This study investigated gene expression 
profiles associated with T2DM progression 
among F1 offspring of T2DM patients within 
the Lembak ethnic population. This population 
is characterized by distinct cultural practices, 
dietary habits, and lifestyles behaviors, which 
may interact with genetic factors and influence 
disease susceptibility. In this study, PPAR-γ 
mRNA expression was significantly higher in 
F1 non-T2DM individuals compared with F1 
T2DM subjects. Conversely, although KCNJ11 
mRNA expression showed an increased trend 
in the F1 offspring of the non-T2DM group, 

there was no statistically significant difference 
between the F1 offspring of non-T2DM and 
T2DM individuals, suggesting a potentially 
limited role of altered KCNJ11 expression in 
early-stage disease progression in this ethnic 
context.

PPAR-γ gene expression plays an important 
role in T2DM pathogenesis, and its effects 
appear to vary across ethnic groups due 
to genetic, epigenetic, and environmental 
influences.8,16 Polymorphisms in PPAR-γ, 
particularly Pro12Ala, have been consistently 
associated with T2DM risk and metabolic 
syndrome in multiple populations, including 
Asian cohorts, underscoring their impact on 
insulin resistance mechanisms.15,22 A study in 
another ethnic population, such as Pakistani 
Pashtun group, has also revealed association 
between PPAR-γ variants and T2DM risk, 
suggesting that both expression patterns 
and functional consequences of PPAR-γ 
may differ depending on ethnic genetic 
background.23 The findings of our study align 
with previous genomic studies conducted in 
diverse population.24,25 Variability in PPAR-γ 
expression and function may affect the rate 
of insulin resistance development, thereby 
influencing T2DM progression across different 
ethnic groups.

Although KCNJ11 polymorphisms have 
been associated with T2DM susceptibility, this 
study provides limited evidence for altered 
KCNJ11 gene expression in the progression 
of T2DM.10 In contrast to PPARγ, changes in 
KCNJ11 expression have not been prominently 
reported as dynamic markers of  T2DM 
progression or  responses to metabolic stress.14 
The E23K (rs5219) polymorphism in KCNJ11 
has been linked to increased T2DM risk  in 
several ethnic groups, including Chinese Han 
and Polish populations.26,27 These effects 
appear to be more closely associated with 
β-cell dysfunction than insulin resistance.12,26 
However, the predictive value of KCNJ11 
variants varies across populations and may 
be less pronounced in certain ethnic groups. 
Strong associations have been reported in 
South and East Asian populations,28,29 whereas 
other groups, including the Lembak ethnicity 
in Bengkulu, Indonesia may show weak or no 
association with KCNJ11 variants.30 

This variability may be attributed to 
differences in allele frequency, gene-gene 
interactions, environmental exposure, 
lifestyle factors, sample size limitations. Our 
study included a relatively small number 
of participants, which may have reduced 
the statistical power to detect association 
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involving KCNJ11 expression. In contrast, 
several large-scale studies included more than 
500 participants, thereby the likelihood to 
identifying significant association.28,29

Several limitations should be acknowledged. 
The cross-sectional design precludes the 
assessment of temporal changes in gene 
expression and limits causal inference. The 
study population was limited to a single ethnic 
group, potentially limiting generalizability. 
Furthermore, detailed quantitative 
assessments of dietary intake and physical 
activity were not conducted, preventing a 
more in-depth evaluation of lifestyle-gene 
interactions. Future longitudinal and multi-
ethnic studies with larger sample sizes are 
needed to further elucidate the dynamic roles 
of PPAR-γ and KCNJ11 in T2DM progression.

In conclusion, this study demonstrates 
that PPAR-γ, but not KCNJ11, is significantly 
associated with the progression of T2DM 
as among F1 offspring of T2DM patients in 
the Lembak ethnic group. These findings 
suggests that PPAR-γ may serve as a more 
relevant molecular marker for early metabolic 
dysfunction in this population. Understanding 
population-specific genetic influences 
may support the development of targeted 
preventive strategies aimed at improving 
insulin sensitivity and metabolic health.
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