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Abstract. Obesity is a major global health problem and increases the
risk of various chronic diseases, such as cancer and type 2 diabetes.
Understanding the genetic factors contributing to obesity is essential for
developing effective intervention strategies. Thus, the study aimed to
identify obesity-associated genetic loci in the Malaysian youth population.
We conducted a genome-wide association analysis of 203 Malaysian youths
(18-30 years of age) to identify susceptibility loci associated with body
mass index-based obesity using a genotyped dataset imputed from a list
of Asian-specific, obesity-associated loci, and the 1000 Genomes data.
Statistical analysis, including linear regression and case-control association,
was conducted to determine the association between single nucleotide
polymorphisms (SNPs) and obesity. While no single SNP achieved genome-
wide significance (p = 5x10"), 34 SNPs exhibited suggestive significance
(pSSXlO'S). Of note, three chromosomal regions stood out (3q29, 7p11.2
and 17p13.1), harboring multiple suggestive significant associated SNPs.
Although we were not able to identify the precise mechanisms and/or
metabolic pathways underlying obesity in this particular target population,
the study advances our knowledge of the genetic aspects of obesity in a
Malaysian multi-ethnic population, which provides a baseline dataset for
future studies.
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INTRODUCTION

Obesity is a chronic disease
caused by excessive fat deposition
(WHO, 2024).

primarily results from an imbalance

This condition

between energy intake and energy
expenditure. Obesity has become a
global epidemic in the past decades
(WHO, 2024) and imposes a heavy
burden, such as increased healthcare
costs and reduced productivity,
on countries worldwide (Purnell,
2023).

Obesity is a multifactorial
health problem influenced by both
lifestyle and environmental factors.
An obesogenic environment, which
consists of calorie-rich foods,

low levels of physical activity
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and stressful lifestyles, is a
major contributor to the rapid
increase in obesity. However,
not everyone who is exposed to
the same unhealthy environment
becomes obese, suggesting the
role of genetics in obesity. Twin
studies are often used to investigate
the relative contributions of
genetic and environmental factors
to various phenotypes. Many
twin studies have shown that
body weight has a high degree of
heritability, with estimates ranging
from 40 to 80% for body mass
index (BMI) (Silventoinen et al,
2017; Silventoinen and Konttinen,
2020). These findings suggest that
genetics plays a significant role in

modulating the risk of obesity.
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In Malaysia, obesity has become
a serious health issue as obesity
prevalence has risen rapidly from
11.9% in 2015 to 21.8% in 2023
(Institute for Public Health, 2024).
A study in Malaysia found that
21.2% of university students were
overweight and 16.3% were obese
(Wan Mohamed Radzi et al, 2019).
This reflects the increasing trend of
obesity among youths and adults
in Malaysia. The same study
also reported that the prevalence
of obesity is highest among PhD
students (18.4%) followed by the
Bachelor’s (17.6%) and then the
Master’s degree students (14.3%)
(Wan Mohamed Radzi et al, 2019).
However, these comparisons may
not be accurate, as postgraduate
students may have a wider range
of ages than Bachelor’s degree
students and consist of a sizeable
proportion of international
students. Therefore, the data for
Bachelor’s degree students serve as
a better indicator of obesity severity

among Malaysia’s youths.

Obesity research in Malaysia
is still in its infancy, as a scoping
review reported that only 22 out of

188 publications on obesity in 2018
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are related to obesity genes and
biomarkers (Mohamad Nor et al,
2018). Most of these studies focus on
the melanocortin-4 receptor (MC4R),
a key regulator of leptin-mediated
appetite control (Mohamad Nor et
al, 2018). However, the association
between MC4R variants and obesity
in Malaysia is unclear, as different
studies reported conflicting results
(Chua et al, 2012; Apalasamy et
al, 2013).

investigated other genes involved

Several studies have

in satiety regulation and pathways,
such as leptin and its receptor, an
important hormone that signals
satiation (Peikin, 1989; Austin
and Marks, 2009; Yeung and Tadi,
2023). Prevalence and associations
of polymorphisms in these genes
with obesity were studied in a
multi-ethnic Malaysian suburban
population, but the results are
inconsistent and dependent on
ethnicity (Fan and Say, 2014).
Other than MC4R and leptin-related
genes, those implicated in obesity-
related pathways, such as fat mass
and obesity-associated (FTO) gene,
have also been examined for their
single nucleotide polymorphism

(SNP) associations with obesity,
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but the findings are inconclusive
(Apalasamy et al, 2015; Lim, 2016;
Lim et al, 2020; Harun et al, 2023).

Given these inconclusive
findings, we opted for a robust,
genome-wide association (GWAS)
approach tailored to the population
of interest. Illumina Infinium™ Asian
Screening Array (ASA) was selected
for its suitability and practicality
among East and Southeast Asian
populations (Ren et al, 2024).
The ASA array includes 743,722
gene variants, comprising 56.7%
common, 30.8% low-frequency and
12.5% rare variants. In addition,
ASA features a broad spectrum of
pharmacogenomic markers from
the ClinVar database, gnomAD
database and unpublished results
from various Asian consortia (Liu et
al, 2021). Several studies using ASA
reported new loci associated with
a number of diseases in East and
Southeast Asian populations (Liu
et al, 2021; Namkoong et al, 2022;
Sani et al, 2022). Thus, our GWAS
aims to identify SNPs associated
with obesity-related traits (BMI
and obesity status) in the Malaysian
youth population. We hypothesized
that this population may have
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ethnic-specific obesity loci/SNPs
that contribute to the obesity
epidemic. We report several SNPs
associated with obesity (BMI and
obesity status) and its potential
mechanisms contributing to obesity
progression. It is hoped that these
findings could contribute to current
body of knowledge and improve our
understanding of obesity etiology,
which could enhance prevention
efforts and treatment strategies
in Southeast Asian population,

specifically in Malaysia.
MATERIALS AND METHODS

Malaysian youth population

According to Daniel’s sample
size formula (Daniel, 1999;
Pourhoseingholi et al, 2013),
we should recruit at least 205
youths. Participants recruited
between January and September
2022 consisted of Malaysian
undergraduate university students
(Universiti Teknologi MARA and
Universiti Malaya) in Klang Valley,
Kuala Lumpur and Selangor,
comprising Chinese (n =13), Indian
(n=15), Malay (n = 235), and other

(n = 14) ethnic groups. Inclusion
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criteria were: (i) between 18-30
years of age, (ii) no previous
exposure to drug/disease/treatment
altering weight gain/maintenance,
and (iii) no restriction regarding
sex and ethnicity. Individuals with
body mass index (BMI) <25 kg/m®
are defined as non-obese and those
with BMI >25 1<g/rn2 as obese, based
on the WHO BMI classification for
the Asian population (WHO WPRO,
2000).

Phenotypic and anthropometric

data collection

A questionnaire was used to
obtain anthropometric data and
information affecting weight, such
as daily routine, physical activity,
diet, and medical history. Sex was
based on assignment at birth (male/
female). No changes in gender
identities or socially constructed
roles were observed or taken into
consideration. Physical activities
were self-reported comprising three
categories, namely low, moderate
or high. Low physical activity
level mainly consists of sedentary
tasks, such as using motor vehicles
for transport, taking the elevator

instead of stairs, and occasional

Vol 56 No.2 March 2025

sports. Moderate level of physical
activity mainly consists of walking
or cycling to work, taking the
stairs instead of the elevator, and
engaging in regular recreational
exercise (at least 30 minutes a day).
High level of physical activity
consists of regular physical activity
in daily life (eg, walking, cycling,
climbing stairs), endurance training
(3 times weekly - at least 20-60
minutes) and strength training
(two times weekly). Participant’s
medical history (not related to
treatment for weight problems) was
recorded regarding medicine taken
during the past year as well as the

family medical history.

GWAS protocol

DNA was isolated from a 3 ml
aliquot of blood samples using
MasterPure DNA Purification Kit
for Blood Version II (Lucigen,
Middleton, WI) according to the
DNA
sample (50 ng; Assonm: Azgonm= 1.8-2.0

manufacturer’s protocol.

was genotyped using Infinium™
ASA (Illumina, San Diego, CA)
according to the manufacturer’s

protocol.

Prior to imputation and SNP
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analysis, standard quality checks
(QCs) consisting of sex discordance,
missing rate, heterogeneity rate,
and call rate were conducted using
PLINK (v1.9) (Chang et al, 2015).
Population stratification including
inbreeding was carried out to
remove closely related samples. As
Malaysia is a multiethnic country,
with a population from different
ancestries, multidimensional
scaling (MDS) was performed to
compare our dataset with other
populations in the 1000G August
2010 release dataset (The 1000
Genomes Project Consortium,
2015). Rare variants were called
using the zCall tool (Goldstein et
al, 2012).

In addition, we performed
an additional imputation on
the post-QC dataset, with a
comprehensive list of Asian-specific,
obesity-associated loci collected
from previous reports. These SNP
genotyping data were imputed
with IMPUTE2 (Howie et al, 2009)
using the 1000 Genomes Project
Phase 3 build hg19 reference panel
(released in October 2014) (The

1000 Genomes Project Consortium,
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2015). The imputed dataset was
filtered to exclude SNPs with an

imputation quality score <0.8.
Statistical analysis

The imputed, cleaned dataset
was subjected to several statistical
tests using the PLINK (v1.9) tool
(Chang et al, 2015). In brief, case-
control (1 degree of freedom,
chi-square allelic test) (obesity
versus non-obesity), binomial
logistic regression (obesity status as
the dependent variable), and linear
regression (BMI as the dependent
variable) tests were conducted
accordingly. Due to the diversity of
the Malaysian population, binomial
logistic the dataset was categorized
into two groups: all ethnicity (n =
277) and Malay-only (n = 235), as
Malays are the largest proportion
of the multi-ethnic population
in Peninsular Malaysia (Nagaraj
et al, 2015). Each statistical test
was conducted with and without
physical activity, sex and ethnicity
as covariates. Manhattan and
Quantile-Quantile (Q-Q) plots were
generated accordingly using the
qqman package (Turner, 2018) in
R (v4.2.2) (R Foundation, Vienna,
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Austria). Consequently, genomic
control (GC) model adjustment was
applied to the dataset via PLINK
(v1.9) (Chang et al, 2015; Simon et al,
2015). SNPs that reached p<5x10~
threshold when tested with BMI in
case-control association and linear
regression tests, were validated
again using SKAT (v2.2.5) (Wu et
al, 2011). Annotation of the SNPs
was performed using ANNOVAR
(Wang et al, 2010).

Ethical approval

The study protocol was
approved by the UiTM Research
Ethics Committee [REC/05/2022 (ST/
MR/98)]. Prior written informed
consent was obtained from each

participant.

RESULTS

Malaysian youth cohort phenotype

and anthropometric data

From the original group of
recruited Malaysian youths (n =
277), DNA samples of individuals
(n = 240) were genotyped. Despite
this, only a smaller cohort (n =
203) was eligible for inclusion in
the GWAS of obesity-related traits.

Vol 56 No.2 March 2025

Excluded individuals consisted
of those (n = 34) with a call rate
<95%, mean + 4 SD of heterogeneity
rate or gender of self-reported
information discordant with birth
sex, and those (n =40) with missing
anthropometric data, poor DNA
quality and concentration. For
population stratification, plots of the
first and second MDS components
of the samples in our dataset
displayed a clustering similar to the
Asian population from the 1000G
dataset (The 1000 Genomes Project
Consortium, 2015). The eligible
participants were composed of
Malays (n = 169), Chinese (n = 12),
Indians (n = 10) and other ethnic
groups (n = 12); females (n = 149)
and males (n = 54); non-obese (n =
163) and obese (n =40) groups; low
physical activity (n =35), moderate
physical activity (n=114), and high
physical activity (n = 54) groups
(Table 1).

GWAS data

The imputed genotype
dataset contained SNPs from
19,898,421 autosomal and 20,970 X
chromosomes for 203 individuals.
All imputed SNPs that were
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Table 1

Demographic and anthropometric data of study participants

Demographic characteristic

Frequency, n (%)

Obese Non-obese
(n = 40) (n =163)
Sex
Male 20 (50) 34 (21)
Female 20 (50) 129 (79)
Race
Malay 33 (82) 136 (83)
Chinese 0 (0) 12 (7)
Indian 5(13) 5 (4)
Other races 2 (5) 10 (6)
Physical activity
Low 13 (32) 22 (13)
Moderate 20 (50) 94 (58)
High 7 (18) 47 (29)

Note: Physical activity was categorized as follows. Low: mainly seated activities,

using motor vehicles for transport, using elevators instead of stairs, no sports or

just occasionally; Medium: walking to work or taking the bicycle, using stairs

instead of elevators, regular recreational exercise (at least 30 minutes a day);
High: regular physical activity in daily life (walking, cycling, climbing stairs, and similar
activities), endurance training (at least 20-60 minutes 3 times weekly), strength training

(at least twice a week). These options were presented as multiple-choice questions in the

questionnaire given during the blood sample collection process.

missing in at least 20% of the
samples, were excluded from the
analysis, resulting in SNPs from
19,401,323 autosomal and 20,970
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X chromosomes SNPs (97.5%) for
statistical analysis. Any SNP with
a Hardy-Weinberg equilibrium of

1x107°, a minor allele frequency
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(MAF) >5% and a genotyping call
rate <99% were excluded. In total,
168 (0.001%) and 832 (0.004%)
SNPs reached a threshold p-value
<5x10”° when compared to BMI
in case-control association and
linear regression test respectively,
which were validated using SKAT
(v2.2.5) (Wu et al, 2011). Although
none of the SNPs tested achieved a
significant genome-wide association
threshold value (p-value <5x107),
we discovered 34 SNPs that reached
a suggestive significant threshold
(p-value <5x107). A flow diagram of
the preprocessing and association
analysis to arrive at these 34 SNPs

is shown in Fig 1.
Quantitative traits

The obesity-related trait
investigated in this study was
BMI. The mean values of BMI
adjusted for age and sex were
compared using a generalized
linear regression analysis to predict
the relationship between each SNP
and mean BMI. A quantile-quantile
(Q-Q) linear regression plot of the
expected versus observed SNP
p-values was constructed of all

individuals’ BMI values in our

Vol 56 No.2 March 2025

dataset (Fig 2A), together with a
Manhattan plot of the analysis for
linear regression of all individuals’
BMI values (Fig 2B). All SNPs with
p-values <5x10”° were subsequently
validated using single-variant tests
under an additive genetic model via
the SKAT tool (Wu et al, 2011) in R

(R Foundation, Vienna, Austria).

Our quantitative trait analysis of
BMI values revealed 18 suggestive
associated SNPs spanning 14
different chromosome regions.
Analysis of the nearby genes
flanking each SNP locus revealed
two regions, namely 7p11.2 and
3929, which harbor more than one
such SNP (Table 2), and were thus
considered as top-hit regions for

further analysis.

Interestingly, the SNPs in the
7p11.2 region are located near two
genes, SEC61G-DT and EGFR, that
are implicated in adiposity and
obesity regulation (Craig et al,
2023; Cao et al, 2022). Region 3q29
harbors five SNPs that are located
close to Hesl and LINC02036, the
former is involved in adiposity
regulation in porcine species (Lei
et al, 2013). Of note, one of the five
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Fig 1- Flow diagram of subjects and SNPs that underwent pre- and post-
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240 subjects

Sample that failed QC: sex discordance,
missingness rate, heterogeneity rate and call

rate (m=31)

209 subjects (87%)

Sample that failed Population Stratification:
l Inbreeding and Multidimensional Scaling (r=3)

206 subjects (85%)

l Sample with missing height information (n=3)

203 subjects (84%),
19,898,421 autosomal and
20,970 X chromosomes SNPs

l Imputed SNP with 0.2% missingness

(r=497,098)

19,401,323 Autosomal SNPs
20,970 X chromosomes SNPs
(97.5%)

Association analysis using PLINK

168 (0.001%) SNPs that

832 (0.004%) SNPs that

reached p < 5 x 10° threshold
for case-control association

16 SNPs that reached
p<5x10°

reached p <5 x 10 threshold
for linear regression

Revalidate using SKAT software

18 SNPs that reached
p=5x10°

analysis to discover suggestive associated variants

QC: quality check; SNP: single nucleotide polymorphism
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Fig2- Q-Q (A) and Manhattan (B) plots of body mass index quantitative trait study

A: Q-Q plot indicating expected and observed association values of linear
regression model of BMI for all individuals. The results are in close agreement
with the expected results, which minimized the effect of confounding
population stratification. A GC model adjustment was applied.

BMI: body mass index; GC: genomic control; GWAS: genome-wide association
study; -logi(p): -logio p-value; Q-Q plot: quantile-quantile plot; SNP: single
nucleotide polymorphism
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Fig 2 - Q-Q(A) and Manhattan (B) plots of body mass index quantitative trait study (cont)
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B: Manhattan plot of the GWAS BMI quantitative trait of all individuals
indicating regions of nominal significance. Each circle represents a SNP.
The X-axis shows the chromosome position of each SNP. The Y-axis shows
the log;, p-value of each SNP indicating the strength of association between
the SNPs and BMI. The blue line indicates a suggestive significant threshold
(p = 5%10”). The red line indicates GWAS significant threshold (p = 5x107).
The blue dots represent SNPs on chromosomes with odd numbers. The yellow
dots represent SNPs on chromosomes with even numbers.

BMI: body mass index; GC: genomic control; GWAS: genome-wide association
study; -logi(p): -log, p-value; Q-Q plot: quantile-quantile plot; SNP: single
nucleotide polymorphism
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SNPs in the 3q29 region, rs2872404,
carries the highest association with
BMI (adjusted 8 coefficient = 0.396)
in the Malay subgroup compared
to other SNPs in our dataset.
Furthermore, our analysis showed
that SNP rs28728404 was associated
with a higher mean BMI of all
individuals and Malay individuals
(physical activity and sex as
covariates) by 0.318 kg/m” (p-value
<0.001, 95% CI: 0.180-0.456) and
0.396 kg/m? (p-value <0.001, 95% CI:
0.255-0.538) respectively (Table 2).
The association of SNP rs28728404
also remained significant when the
linear regression test was conducted
in female individuals only (p-value
<0.001, adjusted P coefficient =
0.637, 95% CI: 0.414-0.860).

SNP rs112690774 had the
lowest p-value of 0.001 (adjusted 3
coefficient = 0.3676, 95% CI: 0.231-
0.504) from the linear regression
analysis of all individuals. In the
Malay subgroup, rs112690774 is
associated also with an increase
in BMI value by 0.303 kg/m’
(p-value <0.001, 95% CI: 0.231-0.504)
(Table 2). Notably, SNP rs112690774

is present in the top-hit region,

270

3929, which may lend support to
the significance of this chromosome

region.
Case-control studies

Our case-control analysis using
chi-square allelic tests (1 degree
of freedom) revealed 16 SNPs
associated with obesity status,
listed in Table 3 together with
nearby genes flanking each locus.
Another putative top-hit region,
17p13.1, which harbors 5 SNPs with
a p-value <0.001 was identified.
This region is associated with
obesity-related traits only in the
case-control approach (obesity vs
non-obesity) and in the Malay-only
(n=171) subgroup.

DISCUSSION

To the best of our knowledge,
this GWAS of obesity is the first
to be conducted in a cohort of
the Malaysian youth population.
Although no SNP reached the
accepted GWAS significant
association threshold (p = 5x107)
(Fadista et al, 2016), 34 SNPs
were identified with suggestive

significance (p-value <5x107).
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We further highlighted three
chromosome regions, 3q29, 7p11.2
and 17p13.1, that harbor putative
obesity-related genes, eg, ASGRI,
EGFR, DLG4, and Hes1. Although
our GWAS results could not
indicate possible etiologies of
obesity in the Malaysian youth
population, the findings from our
study have provided insights into
how nearby genes flanking the SNP
loci may have causal links to the
development of obesity based on

reports from the literature.

The 3q29 region contains SNP
rs112690774 (the most significant
SNP in our study) and SNP rs2872404
(with the highest association with
the increase in BMI value (adjusted
B coefficient = 0.396). Interestingly,
the latter remains suggestive
significant in females when stratified
by sex. Furthermore, all suggestive
significant SNPs identified in the
3929 region in our study were
located near Hes1 and LINC02036.

Current understanding of the
relationships among Hes1, Notch
signaling pathway and obesity
provides a plausible mechanism

for the role of Hesl and obesity

276

(Bi and Kuang, 2015). Notch
is a plasma membrane receptor
protein involved in a signaling
pathway responsible for such
cellular processes as proliferation
and differentiation (Guruharsha
et al, 2012). Its activation requires
ligand binding, a two-stage
proteolytic cleavage and a transfer
of a transcriptional complex to the
nucleus to activate the downstream
hairy/enhancer-of-split (Hes) gene
family (Bi and Kuang, 2015).
Interestingly, a positive feedback
loop that prolongs Notch signaling
is via expression of a Notch target
gene Hes5 through repression of
FBW? transcription (a mediator of
the two-stage proteolytic cleavage)
(Sancho et al, 2013). Therefore, we
suggest that the Hes family plays a
key role in the regulation of Notch
signaling pathway.

In adipocyte thermogenesis,
cold ambient temperature induces
the sympathetic nervous system to
release catecholamine, which binds
with the B-adrenergic receptor to
activate lipolysis (Bi and Kuang,
2015).
fatty acids directly activate the

For heat production,

Vol 56 No.2 March 2025



ETtHNIC-sPECIFIC GWAS OF OBESITY IN MALAYSIAN YOUTHS

uncoupling protein (UCP1) (Bi
and Kuang, 2015). The Hesl
gene, a target of Notch signaling,
binds to the promoter region of
Ppary, Ppargcla, and Prdm16 genes,
hindering their transcription (Bi
and Kuang, 2015). Consequently,
there is a reduction in mitochondria
numbers and UCP1 expression,
promoting the production of
proinflammatory cytokines through
activation of NF-kB. Macrophages
are consequently recruited causing
low-grade systemic inflammation
and worsening insulin resistance
(Bi and Kuang, 2015). Thus, the
relationship between Hes1 and
obesity development through
the Notch signaling pathway is
pertinent, further highlighting the
importance of Hes and 3q29 region
in obesity. We have identified
five suggestive significant SNPs
located near HesI: rs112630848,
rs112690774, rs112862622,
rs114506800, and rs28728404.
Fig 3 summarizes the role of Hesl

in obesity progression.

The 7p11.2 region contains
several other genes known to be

important in body fat and glycemic

Vol 56 No.2 March 2025

control, eg, EGFR and SEC61G-DT
(Alamri ef al, 2022). EGFR has been
postulated to play important roles
in adiposity and obesity regulation
EGFR

activation, a key regulator of various

via the gut microbiota.

cellular processes, influences
the composition and metabolic
activity of gut microbiota. Studies
suggest a bidirectional relationship
between EGFR activation and the
composition of the gut microbiome
(Buret et al, 1999; Dvorak, 2010;
Knoop et al, 2020). This bidirectional
relationship is pivotal in shaping
the complex landscape of obesity
development. EGEFR signaling can
influence microbial diversity, and
conversely, the gut microbiota
can modulate EGFR activation.
EGFR activation induces changes
in the gut microbiota composition
by impacting intestinal epithelial
cells and the mucosal environment.
Alterations in EGFR signaling may
lead to changes in expression of
a variety of proteins (Tang et al,
2016) and in production of mucin
(Clark et al, 2006; Damiano et al,
2015), thereby influencing the

adhesion and growth of specific
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gut microbial species (Elliott et
al, 2000; Wang et al, 2014). These
changes in the microbiome have
been associated with metabolic
shifts thereby contributing to the

development of obesity.

Interestingly, epidermal
growth factors (EGFs) have been
reported to show moderate positive
correlations with Proteobacteria,
a major phylum of Gram-negative
bacteria, in women (Alamri et al,
2022). Furthermore, EGFR signaling
pathways influence the metabolism
of the gut microbiota as described
above, impacting the production
of metabolites such as short-chain
fatty acids (SCFAs) (Morrison and
Preston, 2016). SCFAs derived from
commensal microbial fermentation
of dietary fibers play a crucial role
in energy regulation (Morrison and
Preston, 2016). EGFR-mediated
alterations in SCFA production can,
therefore, have profound effects
on host metabolism, contributing
to the energy imbalance associated
with obesity. These findings
indicate that an understanding of
the molecular intricacies of EGFR

influence on gut microbiota and

Vol 56 No.2 March 2025

obesity is of paramount importance.

The association of 17p13.1
region, containing four SNPs
bracketing DLG4, with obesity was
only discovered through the case-
control analysis. DLG4 encodes
PSD-95 protein of PSD-95 which
is involved in glutamate receptor
PSD-95
interacts with N-methyl-D-aspartate
(NMDA) and a-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid

(AMPA) receptors, which are key

signaling of the brain.

regulators of neurotransmission
and synaptic plasticity, and
NMDA-ADPA interaction is also
crucial in maintaining energy
homeostasis (Fadahunsi et al, 2024).
In addition, rodent studies showed
that disrupting NMDA and AMPA
receptors could mitigate food-
motivated behavior and produce
weight-lowering benefits (Fetterly
et al, 2023; Fadahunsi et al, 2024).
Sasaki et al (2016) also reported that
NMDA and its co-agonist, D-serine,
suppress food intake preference,
supporting the notion of food intake
regulation by DLG4 (Fadahunsi et
al, 2024). Another gene, ASGRI,
located near DLG4, was postulated
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to regulate food intake through the
control of adipose tissue hormone
distribution (Henry and Clarke,
2008). Specifically, adipose tissue
regulates the levels of adiponectin,
a hormone that regulates appetite,
energy expenditure and insulin
sensitivity level. Elevated
adiponectin levels are associated
with reduced appetite suggests that
ASGRI1 plays a role in regulating
food intake through control of
adipose tissue hormone, such as
adiponectin level. In addition,
an ASGR1 knockout mice model
was reported to have an altered
metabolic flexibility causing
significant increases in visceral
adipose and subcutaneous adipose
tissues compared to wild-type mice
(Svecla et al, 2024). However, the
exact mechanisms and interplay
among the factors involved remain

elusive.

Other than the abovementioned
SNPs, we also identified 21 other
SNPs associated with obesity status
and BMI. Previous studies support
the relationship between obesity
and genes located near these SNPs
(Wang et al, 2015; Polimanti and
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Gelernter, 2018; Després and
Lemieux, 2006; Topalidou et al,
2020; Cao et al, 2022; Chen et al,
2023). The postulated relationships
among a selected group of genes
located close to BMI-associated
suggestive significant SNPs are
shown in Fig 4. The reported SNPs
are mainly connected with obesity
development through Alzheimer,
insulin resistance, and metabolism.
Cumulative weight gain may lead to
brain structure changes, potentially
causing reverse causality where
Alzheimer’s contributes to obesity.
Moreover, alteration of specific
molecules metabolism and insulin
resistance development were also
highlighted.

Although we managed to
identify 34 suggestive significant
SNPs, albeit not reaching the
GWAS significant threshold level
of p = 5x10°, this could be due to
two reasons: i) low sample size,
consisting only of 203 individuals;
and ii) heterogeneity of samples,
as participants were from various
ethnic backgrounds, the majority
being Malays and smaller numbers

of Chinese, Indians and multi-

Vol 56 No.2 March 2025
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tribal East Malaysians. Studies
reporting significant loci from
GWAS normally require 5,000-
100,000 individuals to obtain
statistically robust association
findings that fully represent a
particular population (Liu et al,
2021; Namkoong et al, 2022; Verma et
al, 2024). Despite these limitations,
our study generated a dataset based
on the most recent self-reported
anthropometric dataset, containing
information on general lifestyle,
medical history and physical activity
of a cohort of Malaysian youths
compared to other studies that only
include basic anthropometric data

on obesity-related traits.

In conclusion, our study
identified 34 SNPs that were
associated with obesity in the
Malaysian youth population.
Among the 34 SNPs, there were
three putative obesity regions (3q29,
7p11.2, and 17p13.1) that harbor
several suggestive significant SNPs.
However, the mechanisms for
the development of obesity in
this target population remain
unclear. Nonetheless, it is hoped

that these findings add to the body

282

of knowledge and improve our
current understanding of obesity
etiology, particularly in multi-
ethnic Southeast Asian populations

such as Malaysia.
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