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Single nucleotide polymorphisms
(SNPs) that are associated

with obesity and type 2 diabetes
among Asians: a systematic review
and meta-analysis
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Single nucleotide polymorphisms (SNPs) could increase the susceptibility of individuals to develop
obesity and type 2 diabetes (T2DM). Obesity and T2DM are closely related pathophysiologically,

thus similar SNPs could mediate both these diseases, but this is rarely reported. Furthermore,

limited studies have been performed to summarize SNP data in the Asian population compared to

the Western population. In this study, we aimed to summarize SNPs that are associated with the
development of obesity and T2DM among Asian populations. We searched six literature databases and
Review Manager (RevMan) was used for meta-analysis. The pooled odds ratios (ORs) and 95% Cls were
calculated with a random effects model for the heterogeneity among studies. The pooled analysis
showed that rs9939609 (FTO gene) and rs17782313 and rs571312 (MC4R gene) are associated with
obesity with an odd ratio (OR) of 1.37, 1.36 and 1.29 respectively. For T2DM, five SNPs, rs7903146
and rs12255372 (TCF7L2 gene), rs13266634 and rs11558471 (SLC30A8 gene) and rs2283228 (KCNQ1
gene) have also shown strong associations with T2DM at OR of 1.64, 1.61, 1.22, 1.29 and 1.60
respectively. This data could be used to develop a gene screening panel for assessing obesity and
T2DM susceptibility.
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Over the past years, non-communicable diseases (NCDs) have led to substantial mortality and morbidity glob-
ally. According to the World Health Organization, non-communicable diseases (NCDs) cause 71% of all deaths
worldwide'. An understanding of the pathogenesis of NCDs such as obesity and Type 2 Diabetes (T2DM) is
important to know the risk factors of the diseases and to ensure proper preventive measures can be taken to
reduce the mortality due to NCDs>*. Obesity is a condition where excessive fat accumulation occurs in the
body* whereas T2DM is a condition where lesser insulin is secretion by pancreatic p-cells with diminished
insulin efficacy in target tissues. By sharing strong genetic and environmental aspects in their pathogenesis,
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obesity increases the impact of genetic susceptibility and environmental factors on T2DM. Once obesogenic
and diabetogenic environmental factors amplify genetic susceptibilities, ectopic adipose tissue expansion and
excessive accumulation of certain nutrients and metabolites sabotage metabolic balance. Processes including
insulin resistance, dysfunctional autophagy, and the microbiome-gut-brain axis will be activated to exacerbate
immunometabolism dysregulation through systemic inflammation, leading to accelerated loss of p-cell function
and gradual elevation of blood glucose level®*°.

The role of SNP in obesity and T2DM is not very straightforward due to the involvement of multiple genes in
their pathogenesis. Some of these SNPs, when found in isolation, do not confer any added risks for obesity'®'2.
However, when combined, these SNPs increase obesity risk. For example, rs1801282 of the peroxisome pro-
liferator-activated receptor y2 (PPARY2) gene had no significant association with obesity (OR 0.837; 95% CI
0.485-1.443) among Taiwanese until it was found in combination with SDC3 rs2282440 (combined OR 6.77;
95% CI 1.87-24.54)"". This showed a significant association with obesity when combined, suggesting gene-gene
interactions are at play.

To date, many genetic variants that are associated with the development of obesity and T2DM have been
identified through genome-wide association studies (GWAS), mostly conducted in European Descendants and
some Asian populations'*!'%. However, many common genetic variants that are associated with NCDs in Euro-
peans have not been observed in Asian populations due to differences in biological traits, cultural practices,
and lifestyle habits'>'¢. For example, SNPs G2548A, H1328080, and A19G of the leptin gene are associated with
obesity among Malays in the Malaysian population, only SNP G2548A is associated with obesity among Tunisian
and none of these SNPs was associated with obesity among the Turkish Population'>~"”. For T2DM, three SNPs
namely rs2028299 of adaptor-related protein complex 3 subunit sigma 2 (AP3S2) gene, rs3923113 of growth fac-
tor receptor-bound protein 14 (GRB14) gene and rs4812829 of hepatocyte nuclear factor 4a (HNF4a) gene are
associated with increased risk of T2DM among the South Asian population whereas these effects are not observed
in white Europeans'*'8. Thus, genetic variants vary according to nativity which means populations within the
same continental group evince the same allele enrichment or depletion patterns compared to inter-continental
populations which show distinct patterns'®. As a result, the identification of genes and SNPs that are involved in
the pathogenesis of T2DM and obesity across a different population is important as it can affect the diagnosis,
treatment, and prevention of the disease across a different population®. Therefore, this systematic review and
meta-analysis is conducted to investigate single nucleotide polymorphisms (SNPs) in candidate genes associated
with the development of obesity and T2DM across different ethnic groups in Asian populations.

Results

Systematic review of search results and risk of bias within the studies

The initial database search identified 11,860 articles from Ovid/Embase, Scopus, and the Cochrane, PubMed, Web
of Science, and Science Direct databases (Fig. 1). After screening abstracts and titles, 98 articles were screened
upon removal of 630 duplicates. During the second screening step for full-text articles, 90 articles related to
the study area were selected. After excluding 36 articles with reasons, 54 qualified articles were included in this
systematic review that was conducted in 14 different Asian countries. Of the included articles, 49 (90.74%) had
case—control studies and 5 (9.26%) were cross-sectional designs. The included studies were case—control studies
and cross-sectional studies in which the total number of cases and controls in the included studies was 58,601.
The number of captured SNPs was 76, which mapped onto 41 different genes.

The assessment of the ROBINS-I tool is shown in Supplementary Table S1 and Supplementary Fig. S1. Based
on the ROBINS-I tool, 25 studies were identified as “low risk’, 9 studies were assessed as “moderate risk” stud-
ies, and 3 studies were considered as “Serious risk”. Due to the distinctiveness of data extracted from each study,
assessments of certainty and sensitivity analysis could not be completed.

SNPs in the Asian obesity population

From the included studies, 38 SNPs were significantly associated with obesity. The SNPs for FTO gene were most
frequently reported for association with obesity compared to the other genes with 10 reported FTO SNPs (refer
to Table 1). rs9939609 FTO was most reported, as supported in 5 studies?®~?. The next frequently reported SNPs
belonged to the leptin gene with 7 different SNPs reported in 6 studies'>*****2, The melanocortin-4-receptor
gene (MC4R) gene with 5 different SNPs was reported in 4 studies?®*~*. The adiponectin gene (ADIPOQ)
reported 4 SNPs**35%, Lastly, brain-derived neurotrophic factor gene (BDNF), Syndecan 3 gene (SDC3), beta-2
adrenergic receptor gene (ADRB2), TCF7L2 gene, glucagon-like peptide-1 receptor gene (GLP1R), CDK5
regulatory subunit associated protein 1 like 1 gene (CDKAL1), TMEMI18 gene, fas apoptotic inhibitory mol-
ecule gene (FAIM2), nuclear receptor coactivator 2 (NCOA2) and GA binding protein transcription factor
subunit beta 1 gene (GABPBI1), Ectonucleotide Pyrophosphatase/Phosphodiesterase 1 gene (ENPP1), Cho-
lesterol ester transfer protein gene (CETP) and combined genotypes of FTO and TCF7L2 reported one SNP
each respectively!1?0:31:33:34404L41-45 Detailed information on participants’ recruitment countries is available in
Supplementary Table 1.

SNPs in the Asian T2DM population

A total of 55 SNPs were captured across 36 different genes that were significantly associated with T2DM (refer
to Table 2). Alike obesity SNP rs9939609 of the FTO gene, SNP rs266729 of the ADIPOQ gene, SNP rs12970134
of the MC4R gene, SNP rs6548238 of the TMEM18 gene, SNP rs7754840 of CDKAL1 and SNP rs7138803 of
FAIM2 gene were also reported among T2DM Asian population®>#+46-305%62 The FTO gene and TCF7L2 gene
reported four SNPs respectively*->¢ whereas SLC30A8 gene, insulin-like growth factor 2 mRNA binding protein
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Fig. 1. PRISMA flow diagram of study selection process.

2-gene (IGF2BP2), CDKALLI gene, haematopoietically expressed homeobox gene (HHEX) and KCNQI gene
reported three SNPs respectively®>>4°557-61.6470,

Two SNPs from the ADIPOQ gene and BDNF gene were associated with T2DM?>>46626365_ One SNP was
also reported for each of the following genes for increased risk of T2D in various Asian ethnicities: sarcoglycan
gamma gene (SGCG), PPARY2 gene, MC4R gene, glucokinase (GCK), adenylate cyclase type 5 gene (ADCY5),
cyclin dependent kinase inhibitor 2b gene (CDKN2B), plexin A4 gene (PLXNA4 ), FAIM2 gene, glucosamine-
6-phosphate deaminase 2 gene (GNPDA2), bicoid interacting 3 domain-containing rna methyltransferase- fas
apoptotic inhibitory molecule gene (BCDIN3D-FAIM2), tumour protein p53-inducible nuclear protein 1 gene
(TP53INP1), CDKN2A/2B, melatonin receptor 1b (MTNR1B), ENPPI gene, protein tyrosine phosphatase recep-
tor type D gene (PTPRD), glutathione s-transferase theta 1 gene (GSTT1), glutathione s-transferase mu 1 gene
(GSTM1), glutathione s-transferase pi 1 gene (GSTP1), angiotensin I converting enzyme gene (ACE), rho GTPase
activating protein 22 gene (ARHGAP22), signal transducer and activator of transcription 4 gene (STAT4), ADP
ribosylation factor like GTPase 15 gene (ARL15), dipeptidyl peptidase-4 (DPP-IV), ankyrin repeat and PH
domain 1(ARAP1) and aquaporin-7 gene (AQP7)#0:4%50:5455,57.66-69.71-76 Detailed information on participants’
recruitment countries is available in Supplementary Table 2.

Scientific Reports |

(2024) 14:20062 | https://doi.org/10.1038/s41598-024-70674-2 nature portfolio



www.nature.com/scientificreports/

No. of
Study participants
Gene SNP design Cases | Control | Age (years) | Obesity criteria OR 95% CI Reference
FTO 1rs9939609 Case-control 674 214 41.6+17.6 Based on WHO standards | 1.47 1.01-2.12 »
BMI >28 kg/m?, according
to the Chinese criteria
FTO 159939609 Case-control | 1151 | 1200 50-70 and the waist circumfer- |} o) |} g) 467 |2
ences WC2=90 cm in men
and >80 cm in women were
defined as central obesity
BMI >30 kg/m?” and waist to
FTO r$9939609 Case—control 346 285 40.63+15.19 | hip ratio (WHR)>0.85 for | 2.36 1.14-4.86 27
women and > 1 for men
FTO 159939609 Case—control | 40 40 19-59 IOTE definitions for Asian | ;) |15 1764 |2
obesity (=25 kg/m?)
FTO 1s9939609 Case-control 927 1527 49.1+14.2 Based on WHO standards | 1.38 1.20-1.59 »
FTO 1$9930506 Cross-sectional | 79 99 453+1.7 BMI >27 kg/m? 2.87 | 1.14-7.19 30
FTO rs3751812 Case-control 236 92 18-30 Based on WHO standards | 1.52 1.08-2.15 3
FTO rs8050136 BMI) > 30 kg/mZ and waist 1.78 1.11-2.85
FTO rs1121980 Case—-control 346 285 40.63+15.19 | to hip ratio (WHR)>0.85 | 3.68 1.72-7.89 2
1
FTO rs9926289 forwomen and>Linmen 1751 7y 54
FTO rs1558902 1.41 1.22-1.62
Case-control 927 1527 49.1+14.2 Based on WHO standards »
FTO rs1121980 1.33 1.16-1.52
FTO rs8050136 Case-control 851 1001 51+141 Based on WHO standards | 1.09 0.83-1.42 2
FTO rs9941349 Case-control 1000 1000 35.51+10.98 | Based on WHO standards | 0.68 0.61-0.77 3
combined genotypes of combined genotypes of 34
FTO and TCE7T2 169939609 and r<7903146 Case-control 240 240 20-42 Based on WHO standards | 15.92 | 7.7-34.25
ADIPOQ 1s266729 Case-control 388 659 50.3+15.1 BMI >27 kg/m? 1.19 0.70-2.03 *
ADIPOQ rs822396 : i 1.46 0.97-1.98
Case-control | 250 | 300 37.85+9.767 geﬁlerzhzed Obe:lty was 36
ADIPOQ 151501299 efined as BMI225 1.65 | 0.85-1.99
ADIPOQ rs2241766 Case-control 1000 1000 35.51+£10.98 | Based on WHO standards | 2.50 3.1-5.40 33
BMI =28 kg/m?, according
to the Chinese criteria
MC4R rs17782313 Case-control | 1151 | 1200 50-70 and the waist circumfer- |} o7 |} 75 400 |2
ences WC=90 cm in men
and >80 cm in women were
defined as central obesity
MC4R rs17782313 Cross-sectional | 1250 65.9+13.0 BMI =25 kg/m? 1.3 1.0-1.8 ¥
MC4R rs17782313 1.41 1.06-1.67
MC4R rs2331841 1.49 1.14-1.96
Case-control 496 604 47.7+£12.5 BMI >30 kg/m? 38
MC4R 156567160 1.45 1.09-1.92
MC4R rs571312 1.36 0.98-1.89
MC4R rs571312 iti i 1.88 1.18-2.97
Case-control | 333 338 39.65+10.25 IgTF degnmﬁns for Asian »
MC4R 1s12970134 obesity (=25 kg/m?) 1.85 1.14-2.98
MC4R rs12970134 Case-control 496 604 47.7+12.5 BMI > 30 kg/m* 1.37 | 0.97-1.92 *
NCOA2 rs10504473 Cross-sectional | 529 58.93+9.73 | BMI>28 kg/m? 1.87 | 1.02-3.44 40
GABPB1 rs7181866 Case-control 186 116 50.1+£9.6 Based on WHO standards | 2.04 1.29-3.22 a
Leptin G2548A 1.07 0.72-1.56
Leptin H1328080 Case-control 148 101 18-59 Based on WHO standards | 1.13 | 0.74-1.72 15
Leptin A19G 1.19 0.80-1.78
Leptin 1s7799039 Case-control 1000 | 1000 35.51+£10.98 | Based on WHO standards | 0.69 | 0.63-0.76 3
. IOTF definitions for Asian 39
Leptin 1s7799039 Case-control 333 338 39.65+10.25 obesity (= 25 kg/m?) 2.24 1.37-3.66
Leptin rs1137101 Case-control 1000 1000 35.51+10.98 | Based on WHO standards | 4.42 | 2.76-7.08 3
; IOTF definitions for Asian 2
Leptin GIn223Arg Case-control 250 225 39.63+15.19 obesity (=25 kg/m?) 2.61 1.49 to 4.59
. IOTF definitions for Asian 39
Leptin 1s2167270 Case-control 333 338 39.65+10.25 obesity (225 kg/m?) 2.24 1.30-3.87
SDC3 rs2282440 Cross-sectional | 264 323 40.06+11.01 | BMI>27 kg/m? 2,016 |1.22-3.33 u
BDNF rs10767664 Case-control 236 92 18-30 Based on WHO standards | 1.92 1.32-2.81 3t
ADRB2 rs1042713 Cross-sectional | 79 99 453+1.7 Based on WHO standards | 1.38 0.08-23.93 |
TCF7L2 rs11196218 2.54 1.21-5.35
Case-control 60 69 34.37+8.54 | BMI>28 kg/m? “
GLP1-R 15761386 1.61 0.77-3.39
Continued
Scientific Reports|  (2024) 14:20062 | https://doi.org/10.1038/s41598-024-70674-2 nature portfolio




www.nature.com/scientificreports/

No. of
Study participants
Gene SNP design Cases | Control | Age (years) | Obesity criteria OR 95% CI Reference
TMEMI18 156548238 244 | 1.11-537
CDKAL1 rs7754840 Case—control 190 246 50.38+14.47 | Based on WHO standards | 1.35 0.62-2.97 “
FAIM2 17138803 272 | 1.15-6.45
CETP rs3764261 Case-control 1000 1000 35.51+10.98 | Based on WHO standards | 0.76 0.68-0.85 3
ENPP1 rs1044498 Case-control 50 50 24.66+5.29 BMI >25 kg/m? 1.70 0.60-4.50 4
Table 1. Association of Single-Nucleotide Polymorphisms (SNPs) with Obesity among Asians. WHO
standards categorize BMI as underweight: < 18.5, normal: < 25, overweight: > 25, and obese: > 30.
No. of participants
Gene SNP Study design | Cases Control Age (years) Disease criteria OR 95% CI Reference
HbA1c>7.0% or
FTO 19939609 Case-control | 6781 7307 48.8+12.6 under treatment for 1.17 1.09-1.18 46
type 2 diabetes
FTO 1s9939609 | Case-control |98 251 553+6.3 Based on IDF/ WHO | | /¢ 1.14-2.72 47
standards
FTO 1s9939609 | Case-control | 296 198 495841038 | Basedon IDE/WHO | 5 ) 2.06-4.42 48
standards
FTO 19939609 | Case—control | 518 518 52.8+11.2 Based on IDF/ WHO | | |4 1.03-1.36 4
standards
. . . . FPG>7.5 mmol/l (or
Malay :722 Chi- | Malay :882 Chi- 126 mg/dl) were clas- 1.15-1490.93- |
FTO r$9939609 Case-control | nese:819 Indian: | nese:835 Indian: | 35-70 ; . 1.321.16 1.16
sified as having Type 2 1.451.01-1.32
851 877 !
diabetes
FTO 1s9940128 2.04 1.42-2.94
FTO rs1588413 | Case-control | 851 1001 51+141 Based on WHO 1.86 1.18-2.92 st
standards
FTO 1511076023 0.64 0.46-0.89
TCF7L2 57903146 | Case—control | 1529 1439 60.2+10.1 f:dsfd onIDEstand- |, 0.40-5.02 52
TCF7L2 157903146 | Case-control | 219 114 589210 Based on IDE/ WHO | 5 5, 1.99-5.60 53
standards
TCF7L2 157903146 | Case-control | 500 500 5724122 Based on ADA 1.7 1.06-2.72 54
standards
TCF7L2 157903146 | Case-control | 225 231 NA Based on the ADA 3.59 1.26-10.22 55
standards
TCF7L2 157903146 | Case-control | 339 191 484+11.2 Based on the ADA 1.70 1.28-2.27 56
standards
. . . . FPG>7.5 mmol/l (or
Malay :722 Chi- | Malay :882 Chi- 126 mg/dl) were clas- 0.93-1.490.70- | 4
TCF7L2 rs7903146 Case-control | nese:819 Indian: | nese:835 Indian: | 35-70 ; . 1.21 1.08 1.37
sified as having Type 2 1.68 1.21-1.53
851 877 !
diabetes
TCF7L2 156585205 | Case-control | 1529 1439 60.2+10.1 f:jsed onIDFstand- | 0.92-1.35 2
TCF7L2 rs7901695 | Case-control | 225 231 NA Based on the ADA 3.76 1.98-7.14 55
standards
TCF7L2 rs12255372 | Case-control | 339 191 484+11.2 Based on the ADA 1.44 1.21—1.93 56
standards
TCF7L2 1512255372 | Case—control | 225 231 NA Based on the ADA 2.20 0.78-6.19 55
standards
SLC30A8 1513266634 | Case—control | 3281 56.58+9.83 | based on ADA 1.16 1.13-1.19 57
standards
SLC30A8 1513266634 | Case—control | 1529 1439 60.2+10.1 f:‘;:d onIDEstand- |, 5 1.11-1.53 52
SLC30A8 1513266634 | Case-control | 500 500 5724122 Based on ADA 1.86 1.19-2.90 54
standards
SLC30A8 rs3802177 _ | 1.58 1.35-1.84
Case—control | 1529 1439 60.2+10.1 Based on IDF stand 52
SLC30A8 1511558471 ards 1.35 1.16-1.59
SLC30A8 rs11558471 | Case—control | 509 441 5649 Based on WHO 133 1.11-1.60 58
standards
KCNQI 12237892 | Case-control | 500 500 5724122 Based on ADA 2.02 1.08-3.79 54
standards
KCNQ1 152237892 | Case-control | 225 231 NA Basedonthe ADA |, o 0.71-11.13 55
standards
Continued
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No. of participants

Gene SNP Study design | Cases Control Age (years) | Disease criteria OR 95% CI Reference
KCNQI 152237892 | Case-control | 222 140 59.4+15.2 Based on WHO 422 1.79-9.99 %
standards
KCNQ1 152237892 Based on a previous 2 1.4-2.7
KCNQI 152237895 | Case-control | 300 230 49.8+7.42 diagnosis of T2D and |77y 1.4-2.7 60
current use of a drug
KCNQ1 152283228 for its treatment 1.9 1.4-2.5
KCNQI 152283228 | Case-control | 234 177 48.5+7.51 Based on WHO 2.35 1.56-3.54 ol
standards
ADIPOQ 15266729 Case-control | 376 392 55.07+11.90 | Based on the ADA 2.17 1.11-4.26 6
standards
ADIPOQ 15266729 Case-control | 388 659 50.3+15.1 f{iiiéieéfzg/ dland |2, 0.45-1.22 3
ADIPOQ rs17300539 | Case-control | 80 80 4714157 | FPG>100mg/difor |, o, 2-10.7 63
type 2 diabetes
CDKALLI rs7754840 | Case—control | 140 140 48.40+12.31 iiﬁa?gsmw WHO 59y 1.79-4.77 o4
CDKALLI rs10946398 | Case—control | 1529 1439 60.2+10.1 f:;:d onIDF stand- |, 1.46-2.17 52
CDKALL rs7756992 | Case—control | 222 140 59.4+15.2 i;;e(‘iia;’é‘SWHo 2.29 1.25-4.19 5
HbA1c>7.0% or
BDNF 156265 Case-control | 6781 7307 48.8+12.6 under treatment for 1.07 NA 46
type 2 diabetes
BDNF rs4074134 | Case-control | 2806 1113 52+10 Based on IDF/ WHO |, ¢ 0.77-0.99 6
standards
HbA1c>7.0% or
TMEM18 154854344 Case-control | 6781 7307 48.8+12.6 under treatment for 1.16 NIL 46
type 2 diabetes
TMEMI8 16548238 | Case-control | 190 246 50.38+ 14.47 | Based on WHO 227 1.00-5.13 4
standards
GNPDA2 1510938397 1.07 NIL
HbA1¢>7.0% or
IEEI]IDV}IZ\BD_ rs7138803 Case-control | 6781 7307 48.8+12.6 under treatment for 1.05 NIL 46
type 2 diabetes
MC4R 1512970134 111 NIL
Malay :722 Chi- | Malay :882 Chi- IS 7/'31;“"‘01/ Lor 097141 0.96.
MC4R rs12970134 | Case—control | nese:819 Indian: | nese:835 Indian: | 35-70 SO M) were <as- ) 19117128 | T 50
851 877 sified as having Type 2 1.441.12-1.44
diabetes
HHEX rs1111875 1.43 1.08-1.89
HHEX 157923837 | Case-control | 1529 1439 60.2+10.1 fra;:d onIDF stand- 75 0.99-1.72 52
HHEX 1$5015480 1.08 0.75-1.59
TP53INP1 rs896854 | Case-control | 3281 56.58+9.88 g%i‘ﬁlouﬁfmm 1.05 1.02-1.09 57
CDKN2A/2B rs10811661 1.65 1.01-2.71
Case—control | 500 500 57.2+12.2 Baseéi 0‘? ADA 54
MTNRIB rs1387153 standards 1.38 0.91-2.09
ENPP1 £51044498 | Case-control | 553 960 622489 FPG>126 mg/dlfor |, o, 1.46-2.33 5
type 2 diabetes
PPARy2 11801282 | Case-control | 518 518 52.8+11.2 iﬁfgﬁfgsm/ WHO 1) 4 1.05-1.92 "9
PPARy2 rs1801282 | Case—control | 100 100 51.05 i";ﬁafgslm/ WHO 1559 1.07-11.54 67
Malay :722 Chi- | Malay :882 Chi- g’ 661; 7/'31;““;‘;1/ ld(:sr 036118 0,57
PPARy2 rs1801282 Case—control | nese:819 Indian: | nese:835 Indian: | 35-70 ified 8 h w T 0.77 0.93 0.67 ) y ' 0
851 877 sified as having Type 2 1.520.41-0.92
diabetes
AQP7 152989924 | Case-control | 400 400 58.08+8.45 iiff(‘iia;’gsthe ADA 1.66 1.07-2.57 68
SGCG 159552911 1.058 0.91-1.23
Case—control | 996 976 46.1+12.6 Base; "g WHO ®
PLXNA4 1s1593304 standards 1.012 0.85-1.21
FAIM2 rs7138803 | Case-control | 190 246 50,38+ 14.47 | Based on WHO 2.67 1.09-6.59 4
standards
IGF2BP2 16769511 1.19 1.04-1.35
IGF2BP2 rs4376068 | Case-control | 1194 1274 5249+12.10 | Based on WHO 1.16 1.02-1.32 70
standards
IGF2BP2 154402960 118 1.04-1.34
IGF2BP2 154402960 | Case-control | 222 140 59.4+15.2 Based on WHO 1.76 1.06-2.94 5
standards
Continued
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No. of participants
Gene SNP Study design | Cases Control Age (years) | Disease criteria OR 95% CI Reference
Malay :722 Chi- | Malay :882 Chi- 0.66-0.98 0.68—
CDKN2B rs10965250 | Case-control | nese:819 Indian: | nese:835 Indian: 0.820.79 0.81 ' P
0.92 0.61-1.01
851 877
. - B - FPG>7.5 mmol/l (or
Malay :722 C.hl- Malay :882 C.hl- 126 mg/dl) were clas- 1.01-1.49 1.29- | 4
GCK rs4607517 Case-control | nese:819 Indian: | nese:835 Indian: | 35-70 ; . 1.251.58 1.01
sified as having Type 2 1.940.78-1.25
851 877 X
diabetes
Malay :722 Chi- | Malay :882 Chi- 0.32-1.96
ADCY5 rs11708067 | Case-control | nese:819 Indian: | nese:835 Indian: 0.69 N/A 0.74 . .
N/A 0.54-0.93
851 877
PTPRD rs17584499 | Case-control | 397 285 52.0+8.6 Based on WHO 1.42 1.04-1.95 7
standards
GSTT1 1517856199 | Case-control | 225 231 NA Basedon the ADA | ) 14 1.39-3.36 55
standards
GSTM1 rs366631 | Case—control | 225 231 NA Based on the ADA 1 g 191-4.13 5
standards
GSTP1 rs1695 Case-control | 225 231 NA Based on the ADA 3.03 1.61-5.67 55
standards
ACE rs4646994 | Case—control | 225 231 NA Basedon the ADA | |9 2.36-7.44 55
standards
ARHGAP22 rs4838605 | Case—control | 319 387 58.89+12,01 | Based on WHO 1.54 1.06-2.24 72
standards
FPG=>7.0 mmol/L or
STAT4 1s3821236 Case-control | 500 501 59.87+12.87 OGTT=11.1 mmol/L 1.23 1.03-1.47 7
or Random blood glu-
cose>11.1 mmol/L)
ARLI5 1526770 Case—control | 327 324 62.12¢670 | Basedonthe ADA 1, ) 0.44-1.14 74
standards
DPP-1IV 1s3788979 100 4.24 1.35-3.26
Case-control 100 49.33%12.02 Fl;izclzf mg/dl or 7
DPP-IV 157608798 HbAIC26.5% 3.17 1.76-5.73
ARAP1 rs1552224 | Casecontrol | 1,194 1,292 5271¢1052 | Based on the ADA 12.07 1.58-92.34 76
standards

Table 2. Association of Single-Nucleotide Polymorphisms (SNPs) with T2DM among Asians. WHO/IDF/
ADA Diagnostic Criteria for Type 2 Diabetes: FPG > 126 mg/dL (7.0 mmol/L) OR OGTT 2-h PG>200 mg/dL
(11.1 mmol/L).

Meta-analyses

We first conducted a meta-analysis to analyze the association of the following SNPs with obesity, i.e. 1s9939609
of the FTO gene and rs17782313, rs571312 and rs12970134 of the MC4R gene and rs7799039 of the leptin gene
(refer Figs. 2, 3, 4, 5 and 6)*723*37-%_The data from the five studies of rs9939609 of the FTO gene under the
allelic model (A vs T) yielded a significant association with obesity (OR: 1.37; CI 1.26-1.49; P<0.00001; I*=0%)
(Fig. 2)*~%. Similarly, rs17782313 and rs571312 of the MC4R gene showed a significant association with obesity
(OR: 1.36; CI 1.22-1.52; P<0.00001; I*=0%, OR: 1.29; CI 1.11-1.51; P=0.001; 1>=0%; Figs. 3 and 4)?*7-%
Although both rs9939609 and rs17782313 were highly significant SNPs with very low P-values, rs9939609 gave
a marginally higher OR indicating a stronger association with obesity.

Next, we conducted a meta-analysis to analyze the association of the following SNPs with T2DM, i.e. rs9939609
of the FTO gene, rs7903146 and rs12255372 of the TCF7L2 gene, 1513266634 and rs11558471 of the SCL30A8
gene, rs2237892 and rs2283228 of the KCNQI gene, rs266729 of the ADIPOQ gene, rs1801282 of the PPARy2
gene and rs4402960 of the IGF2BP2 gene (refer Figs. 7,8, 9, 10, 11, 12, 13, 14, 15 and 16)*>#7-4952-5658-6267.70 From
the pooled data, only five SNPs showed a significant association with T2DM under the allelic model. The data
from five studies showed that rs7903146 of the TCF7L2 gene was significantly associated with T2DM (OR 1.64; CI
1.38-1.96; P<0.00001; I*=40%) (Fig. 8)°2°%; two studies similarly reported that rs12255372 of the TCF7L2 gene
was significantly associated with T2DM under the allelic model G vs T (OR 1.61; CI 1.02-2.54; P=0.04; I*=77%)
(Fig. 8)>>7%. On the other hand, rs13266634 and rs11558471 of the SCL30A8 gene were found to be significantly
associated with T2DM (OR 1.22; CI 1.11-1.33; P<0.0001; I*=0%, OR 1.29; CI 1.18-1.41; P<0.00001; I>=0%)
(Figs. 10 and 13)>>*3%, Two studies showed that rs2283228 of the KCNQI gene under the allelic model C versus
A was significantly associated with T2DM (OR 1.60; CI 1.31-1.96; P<0.00001; 1= 0%; Fig. 12)°*¢!. Comparing
the ORs, we can conclude that rs7903146 of the TCF7L2 gene has the strongest association with T2DM.

Scientific Reports |

(2024) 14:20062 |

https://doi.org/10.1038/s41598-024-70674-2 nature portfolio



www.nature.com/scientificreports/

Cases Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Al-Serrietal. 2018 649 1348 185 428 152% 1.22[0.98,1.52] [==
Daya M, etal., 2019 18 76 11 80 1.1% 1.95[0.85, 4.45] T
Hotta et al., 2008 436 1838 555 3008 36.5% 1.37[1.19,1.58] =
Huang W, etal., 2011 542 1120 955 2400 35.8% 1.42[1.23,1.64] =
Shabana and Shahida Hasnain, 2015 203 692 134 570 11.4% 1.35[1.05,1.74] =
Total (95% ClI) 5074 6486 100.0% 1.37 [1.26, 1.49] ]
Total events 1848 1840
Heterogeneity: Tau=f ELEIU; Chi*=2.02,df=4(P=0.73), F=0% b.01 071 1.0 100.
Test for overall effect: Z=7.17 (P < 0.00001) Favours [Cases] Favours [Control]
Fig. 2. Forest plot of FTO rs9939609 and obesity using the allelic model (A vs T).
Cases Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Gaol,etal, 2019 148 560 118 570 15.9% 1.38[1.04,1.81] EcN
Huang ¥, etal., 2011 545 1120 974 2400 597% 1.39[1.20,1.60] |
Mutomhbo etal., 2014 135 538 404 1962 243% 1.2901.03,1.62] il
Total (95% CI) 2218 4932 100.0% 1.36 [1.22,1.52] 4
Total events 828 1496
Heterogeneity: Tau®= 0.00; Chi*=0.29, df=2 (P=0.87); F= 0% ) t t {
] 0.01 0.1 1 10 100
Test for overall effect: Z=5.49 (P < 0.00001) Favours [Cases] Favours [Control]
Fig. 3. Forest plot of MC4R rs17782313 and obesity using the allelic model (C vs T).
Cases Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Gaoetal, 2019 259 859 189 725 504% 1.22[0.98,1.53)
Sharma & Badaruddoza, 2024 271 666 226 676 496% 1.371.09,1.71) =
Total (95% CI) 1525 1401 100.0% 1.29[1.11,1.51] [
Total events 530 415
Heterogeneity: Tau*= 0.00; Chi*=0.47, df=1 (P=0.49), F=0% I u 1 t {
0.01 0.1 1 10 100
Test for overall effect: Z=3.21 (P=0.001) Favours [Cases] Favours [Control]
Fig. 4. Forest plot of MC4R rs571312 and obesity using the allelic model (A vs C).
Cases Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Gaoetal, 2019 228 888 180 742 492% 1.08 [0.86, 1.35)
Sharma & Badaruddoza, 2024 264 666 235 676 508% 1.23[0.99,1.54)
Total (95% CI) 1554 1418 100.0% 1.15[0.99, 1.35]
Total events 492 415
Heterogeneity: Tau®*= 0.00; Chi*= 0.68, df=1 (P=0.41), F=0% I u 1 t {
o _ 0.01 0.1 1 10 100
Test for overall effect: Z=1.78 (P = 0.08) Favours [Cases] Favours [Control]
Fig. 5. Forest plot of MC4R 1512970134 and obesity using the allelic model (A vs G).
Cases Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Saqlain etal., 2022 500 2000 860 2000 50.3% 0.44 [0.39, 0.51) |
Sharma & Badaruddoza, 2024 246 666 203 676 497% 1.36 [1.09,1.71] L
Total (95% CI) 2666 2676 100.0% 0.77 [0.26, 2.34] il
Total events 746 1063
Heterogeneity: Tau*= 0.63; Chi*=69.91, df=1 (P < 0.00001); F= 99% '0.01 051 1-0 100-

Test for overall effect: Z= 0.46 (P = 0.65)

Favours [Cases] Favours [Control]

Fig. 6. Forest plot of leptin rs7799039 and obesity using the allelic model (G vs A).
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Cases Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Binhetal, 2013 50 186 91 502 3N.7% 1.55[1.04, 2.29] -
Fawwad A, etal., 2015 348 592 155 396 33.7% 2.22[1.71,2.88) -
Phanietal., 2015 563 1036 616 1036 346% 0.81 [0.68, 0.97] L
Total (95% CI) 1824 1934 100.0% 1.40 [0.70, 2.80] il
Total events 961 862
Heterogeneity: Tau*= 0.36; Chi*= 4211, df= 2 (P < 0.00001); IF= 95% :0 01 051 1:0 100’
Test for overall effect: Z=0.94 (P = 0.35) Favours [Cases] Favours [Control]
Fig. 7. Forest plot of FTO rs9939609 and T2DM using the allelic model (A vs T).
Cases Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Anjum etal., 2018 241 678 106 382 227% 1.44[1.09,1.89) -
Eregatet al., 2009 218 438 67 228 174% 2.38[1.69, 3.35) =_=
Linetal, 2010 184 3058 115 2878 26.2% 1.541.21,1.95] -
Plengvidhya etal., 2018 75 1000 44 1000 149% 1.76 [1.20, 2.58] .
Shitomi-Jones etal,, 2023 108 448 84 460 18.8% 1.42[1.03, 1.96) e
Total (95% CI) 5622 4948 100.0% 1.64 [1.38, 1.96] L 2
Total events 826 416
Heterogeneity: Tau®= 0.02, Chi*= 6.65, df=4 (P=0.16), "= 40% :U 01 0*1 1=U 100’
Test for overall effect: Z=5.54 (P < 0.00001) Favours [Cases] Favours [Control]
Fig. 8. Forest plot of TCF7L2 rs7903146 and T2DM using the allelic model (T vs C).
Cases Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Anjum etal., 2018 231 678 109 382 528% 1.29([0.99,1.70)
Shitomi-Jones et al., 2023 107 446 60 452 472% 2.06 [1.46, 2.92) -+
Total (95% Cl) 1124 834 100.0% 1.61[1.02, 2.54])
Total events 338 169
¢Et?;ogen8|t\l|:| Tgu’:gﬁ]g; §6h|;=_40.2064, df=1(P=0.04);, F=77% o1 o1 i o 100
estfor overall effect. Z= 2.06 (P = 0.04) Favours [Cases] Favours [Control]
Fig. 9. Forest plot of TCF7L2 rs12255372 and T2DM using the allelic model (G vs T).
Cases Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Linetal, 2010 1804 3058 1554 2878 74.8% 1.23[1.11,1.36]
Plengvidhya et al., 2018 586 1000 542 1000 252% 1.20[1.00,1.43]
Total (95% CI) 4058 3878 100.0% 1.22 [1.11,1.33] ‘
Total events 2390 2096
1I-_lettta;ogenent;tlzl T;u;g._ﬂg; 3?5hIP=<0|jUCIsdg1f= 1(P=081),F=0% 01 01 ] 10 100
estfor overall effect: 2= 4.35 ( ’ ) Favours [Cases] Favours [Control]
Fig. 10. Forest plot of SCL30A8 rs13266634 and T2DM using the allelic model (C vs T).
Cases Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Plengvidhya etal., 2018 238 1000 287 1000 26.6% 0.78 [0.64, 0.95) i
Saif-Alietal, 2011 465 600 316 460 253% 1.57[1.19, 2.07) -
Shitomi-Jones et al., 2023 68 450 100 460 23.9% 0.64 [0.46, 0.90] -
Wuetal, 2015 111 444 101 280 24.2% 0.591(0.43,0.82) =
Total (95% CI) 2494 2200 100.0% 0.83 [0.54, 1.26] <
Total events 882 804
Heterogeneity: Tau*= 0.16; Chi*= 27.39, df= 3 (P < 0.00001); F= 89% .01 01 10 100

Test for overall effect: Z=0.88 (P = 0.38) Favours [Cases]

Fig. 11. Forest plot of KCNQI rs2237892 and T2DM using the allelic model (C vs T).

Favours [Control]

Scientific Reports |

(2024) 14:20062 | https://doi.org/10.1038/s41598-024-70674-2

nature portfolio



www.nature.com/scientificreports/

Cases Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Saif-Ali etal., 2011 (Chinese) 441 60O 296 460 57.1% 1.54[1.18, 2.00] L 3
Saif-Ali etal., 2011 (Malay) 354 468 229 354 429% 1.70[1.25, 2.30] -
Total (95% CI) 1068 814 100.0% 1.60 [1.31, 1.96] L
Total events 795 525
Heterogeneity: Tau®= 0.00; Chi*= 0.23, df=1 (P= 0.63); F= 0% 50 o1 041 140 1004
Test for overall effect. Z= 4.65 (P < 0.00001) ’ Favohrs [Cases] Favours [Control]
Fig. 12. Forest plot of KCNQI rs2283228 and T2DM using the allelic model (C vs A).
Cases Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Linetal., 2010 1774 3058 1497 2878 76.2% 1.27[1.15,1.41)
Semanetal, 2015 633 1018 487 882 23.8% 1.33[1.11,1.60] -
Total (95% CI) 4076 3760 100.0% 1.29[1.18,1.41] '
Total events 2407 1984
Heterogeneity: Tau?= 0.00; Chi*=0.18, df=1 (P = 0.67); F= 0% 50 o1 051 ] 1*0 1005
Test for overall effect: Z=5.55 (P < 0.00001) ' Favdurs [Cases] Favours [Control]
Fig. 13. Forest plot of SLC30A8 rs11558471 and T2DM using the allelic model (A vs G).
Cases Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Hsiao & Lin, 2016 181 776 342 1318 51.5% 0.93[0.76,1.14]
Truong et al,, 2022 210 752 184 784 485% 1.26 [1.00, 1.59]
Total (95% CI) 1528 2102 100.0% 1.08 [0.80, 1.46]
Total events 401 526
. 2 . 2 - - SR = I + T t |
:-_iettta;ogenellyl.lT?fu ;ZUPg,;hlp-}bTB?{ df=1(P=0.05); F=73% 0.01 01 ] 10 100
estfor overall effect Z=0.51 (P = 0.61) Favours [Cases] Favours [Control]
Fig. 14. Forest plot of ADIPOQ rs266729 and T2DM using the allelic model (C vs G).
Cases Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bageretal, 2023 4 200 19 200 41.3% 0.19[0.06, 0.58] ——
Phanietal., 2015 80 1036 110 1036 58.7% 0.70[0.52, 0.95] i
Total (95% CI) 1236 1236 100.0% 0.41[0.12,1.44) . =
Total events 84 129
Heterogeneity: Tau*= 0.67; Chi*= 4.96, df=1 (P = 0.03); F= 80% ) u t |
Testf ll effect Z= 138 (P= 017 Gt 10 169
estfor overall effect Z=1.39 (P =0.17) Favours [Cases] Favours [Control]
Fig. 15. Forest plot of PPARy2 rs1801282 and T2DM using the allelic model (C vs G).
Cases Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Lietal, 2021 645 2388 608 2548 548% 1.18[1.04,1.34]
Wuetal, 2015 330 444 226 278 452% 0.67 [0.46, 0.96]
Total (95% Cl) 2832 2826 100.0% 0.91 [0.52, 1.59]
Total events 975 834
P 2_ s 2 - - . I 4 1 t 1
Heterogeneity: Tau*=0.14; Chi*= 8.25, df=1 (P = 0.004); I*= 88% 0.01 01 ] 10 100

Test for overall effect Z=0.33 (P=0.74)

Favours [Cases] Favours [Control]

Fig. 16. Forest plot of IGF2BP2 rs4402960 and T2DM using the allelic model (G vs T).
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Fig. 17. Funnel plot of FTO rs9939609. The Eggers’ test does not support the presence of funnel plot
asymmetry (intercept: 2.19, 95% CI 0.63-3.75, t: 2.747, P-value: 0.071).
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Fig. 18. Funnel plot of TCF7L2 rs7903146. The Eggers’ test does not support the presence of funnel plot
asymmetry (intercept: 1.03, 95% CI 1.59-3.65, t: 0.771, P-value: 0.497).

Publication bias

Funnel plots were constructed to assess the publication bias for two SNPs with at least five studies making the
analysis feasible, namely FTO rs9939609 associated with obesity and TCF7L2 rs7903146 linked to T2DM. Neither
of them showed significant publication bias (Figs. 17 and 18).

Discussion

In this study, we reviewed studies that reported the association between various SNPs of different genes with
obesity and T2DM among the Asian population. Our findings indicated that FTO rs9939609 SNPs were associ-
ated with both obesity and T2DM. Other SNPs namely MC4R rs17782313 were strongly associated with obesity,
whereas TCF7L2 rs7903146, KCNQ1 rs2237892 and SCL30AS8 rs13266634 significantly increased the risk of
T2DM development.

FTO gene is the most known gene for the predisposition of obesity as the GWAS study identified FTO as
an obesity sensitivity gene, and multiple SNPs in the intron 1 region were strongly associated with BMI, body
fat rate and waist and hip circumference””. FTO-induced obesity and increased BMI initiate the progression of
T2DM. Fat cells induce insulin resistance and proinflammatory cytokine production of leptin, tumor necrosis
factor and interleukin 6 to increase fasting blood glucose levels’. SNP rs9939609 of the FTO gene is significantly
associated with both obesity and T2DM in a various population of different Asian countries. For the association
of obesity, this SNP was observed among Kuwaiti, Chinese, Pakistani, Indonesian and Japanese populations with
ORs ranging from 1.27 to 3.72%-%. Despite different risk alleles, SNP rs9939609 has a similar obesity risk among
the European population proving that the FTO gene is associated with increased body weight across various
populations with elevating BMI and obesity risk’>*’. On the other hand, for T2DM, some meta-analyses that
were only focused on FTO gene SNPs pooling studies reported that positive associations with rs9939609 and
T2DM conducted on the East and South Asian population confirmed that there in an involvement of this SNP in
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susceptibility to T2DM?®!. Furthermore, a Norwegian population-based Nord- Trondelag Health Study (HUNT
study) reported a strong association for rs9939609 with both type 2 diabetes (OR 1.13; P=4.5x 10(-8)) and the
risk of developing incident type 2 diabetes (OR 1.16; P=3.2 x 10(— 8)) in Scandinavians after adjustment for age,
sex and BMI giving us confidence that this gene predisposes inT2DM?32%,

The next common gene associated with obesity risk among Asians is the MC4R gene, which regulates food
intake and energy homeostasis via the hormone leptin. Among 5 reported SNPs (rs17782313, rs2331841,
rs$6567160, rs571312 and rs12970134), rs17782313 was captured in 3 different studies with ORs ranging from
1.3 to 1.87%7°78, GWAS studies have identified that the polymorphism of rs17782313 of the MC4R gene is also
associated with obesity risk among Europeans (OR 1.12; 95% CI 1.08-1.16) and this variant contributes to
increased BMIs in Europeans and East Asians®. It is also well established that the MC4R variant CC genotype
of rs17782313 is associated with a higher intake of energy and a higher percentage of energy from fatty diets**3*.

Next, the ADIPOQ gene has been reported with 3 SNPs to be linked with obesity. GWAS has identified
that SNPs of the ADIPOQ gene can decrease the serum levels of adiponectin and alter metabolic traits, such as
waist-hip ratio®. 2 SNPs (rs822396 and rs1501299) of the ADIPOQ gene were reported among North Indian
populations whereas another SNP (rs266729) was from Taipei. A case-control study conducted among South
Indians replicated similar findings whereby SNPs rs822396 and rs1501299 are associated with obesity and central
obesity®. One meta-analysis in the Chinese population found that SNPs in the ADIPOQ gene were positively
linked to metabolic syndrome (which predisposes to obesity and T2D)%. However, there are some controversial
results about ADIPOQ gene polymorphisms in the Asian population. The current understanding is that ADI-
POQ SNPs alter the concentrations of adiponectin proteins, leading to metabolic changes that lead to obesity®’.
However, in Malaysian Malays, one study found no effect on adiponectin levels in individuals carrying SNPs of
the ADIPOQ gene®. Another study found that AQIPOQ rs266729, which has previously been associated with
obesity in the Indian and Thai populations, is not associated with obesity in the Taiwanese population®>6%58,

Amongst 3 SNPs (rs7903146, rs6585205 and rs12255372) of the TCF7L2 gene, rs7903146 of the TCF7L2 gene
is significantly associated with the development of T2DM among Chinese, Indian, Thai and Palestine populations
with ORs ranging from (1.11-3.34). A case-control study conducted among the Thai population reported that
SNP rs7903146 of the TCF7L2 gene is associated with the development of T2DM (OR 1.7 95% CI 1.06-2.72)2.
Similarly, the risk allele T of rs7903146 was associated with T2DM in the three ethnic groups, in Caucasians
(OR 1.573;95% CI 1.100-2.250; P=0.0131), African Americans (OR 2.011;95% CI 1.265-3.196; P=0.003), and
Hispanics (OR 1.897; 95% CI 1.204-2.989; P=0.006)%. This might be due to overexpression of the risk allele
of the TCF7L2 gene in P cells, which results in reduced insulin secretion and causes a predisposition to T2DM
directly and indirectly®®?’.

This is the first study to reveal SNPs that could increase the risk of both obesity and T2DM in the Asian
population via systematic review and meta-analysis, namely FTO rs9939609. Several limitations of this study
warrant consideration. Firstly, there is a potential for language bias since we have excluded articles not published
in English; however, we speculate that the number is probably small and unlikely to affect our findings. Secondly,
one notable limitation of this systematic review is the inability to conduct a mediation analysis. This limitation
arises from the unavailability of raw data from the included studies. For mediation analysis to occur, individual-
level data are required to evaluate the impact of the mediating variables between independent and dependent
variables. Without access to these data, it was not possible to explore the potential pathways and mechanisms
underlying the observed effects. Thirdly, the effect size was not established for the SNPs included in our review.
As a result, ORs have been used as an alternative (but valid) criterion to assess the association of the SNPs
with obesity and/or T2DM. Another limitation is that we were not able to examine and correct for population
stratification. The absence of effect size calculation and the lack of a clear consideration of potential biases or
heterogeneity in the meta-analysis might impact the robustness and interpretability of the results. Moreover,
there was a lack of information such as confidence intervals (Cls), effect size and risk allele frequency (RAF)
in certain articles. Finally, our meta-analysis results may be affected by the confounding factors present in the
original studies where our data was taken. This is because we specifically used the allele frequencies provided
for our meta-analysis, and this could explain any discrepancies found in the reported ORs between the original
studies and our meta-analyses.

Conclusion

In summary, we have presented a systematic review of SNPs associated with the development of obesity and
T2DM among the Asian population. From the meta-analysis we conducted to compare the individual allele effects
of SNPs that were reported more than once, we found that FTO rs9939609 was the most strongly associated SNP
with obesity (OR 1.37; 95% CI 1.26-1.49), while TCF7L2 rs7903146 was the most strongly associated SNP with
T2D (OR 1.64; 95% CI 1.38-1.96). As T2DM and obesity are multicausal disorders, these findings can help in
Asian-specific gene screening panel development for assessing obesity and T2DM susceptibility. However, large-
scale genome-wide association study studies and larger population cohort studies are required in the future to
further validate these SNPs candidates among Asians.

Methods

Study design

In conducting this systematic review and meta-analysis, we adhered to established guidelines to ensure methodo-
logical rigor and transparency. Specifically, we followed the preferred reporting item for systematic reviews meta-
analysis (PRISMA) statement recommendation for reviewing all reported SNPs that were associated with obesity
and T2DM among Asians*'. Additionally, we adhered to the guidelines for Meta-analysis of Observational Studies
in Epidemiology (MOOSE) statements** to guide the planning, execution, and reporting of our meta-analysis.
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Search strategy

An electronic literature search on peer-reviewed research articles containing case—control and cross-sectional
studies published between January 2005 and April 2024 was screened to search for SNPs that were associated
with obesity and T2DM among Asians. Two investigators independently identified articles (titles, abstracts, and
then full texts) and screened them sequentially for inclusion criteria. We searched six literature databases: Ovid/
Embase, Scopus, and the Cochrane, PubMed, Web of Science, and Science Direct databases. The search terms
were “SNPs” AND “adults”. Each term was used individually in combination with one of these terms: (obesity
OR type 2 diabetes OR T2DM) AND (Country). For example, “SNPs” AND “adults” AND Type 2 diabetes”
AND “Malaysia”

Selection criteria

Prior to the literature search, selection criteria were established to avoid selection bias. Our selection criteria
included (i) articles published in English (ii) original papers containing independent data conducted in humans,
(iii) research articles consisting of case—control or cross-sectional studies or randomized controlled trials, (iv)
articles that only reported on Asian countries, (v) articles that contain studies that compare healthy adults and
adults with obesity and/or T2DM (vi) articles with genetic variants that were associated with obesity or T2DM
which reports an odds ratio (OR) and 95% confidence intervals (Cls). All articles that did not meet our inclusion
criteria were excluded. Articles that were eligible for further review were identified by the authors through initial
screening of the search terms. The second screening was based on a full-text review according to the selection
criteria. The process of searching and selection was independently performed by two reviewers (K.Y. and J.N.Y.E)
and followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram
and the guidelines for Meta-analysis of Observational Studies in Epidemiology (MOOSE) statements*"*2>. Any
disagreement between the two reviewers was solved through discussion and consensus with a third reviewer
(N.PY).

Data extraction

Information was carefully extracted from all eligible studies independently by two authors. Our search strategy
resulted in 11,860 studies. Those studies were then exported to Mendeley, and 630 duplicates were detected and
removed. According to our selection criteria, 54 studies were selected for further full-article screening. The selec-
tion was done by three reviewers independently to ensure that the data were captured correctly. The following
information was extracted from each study: country, gene, SNPs, study design, sample size, the average age of
participants, disease diagnostic standard, odds ratio (OR), 95% confidence intervals (CIs) and author and year
of publication. To account for confounding factors in the studies, we used the adjusted ORs whenever provided
by the original authors. For SNPs that were reported more than once, where the data was available, the allelic
frequencies of the SNPs were collected as well for use in our meta-analysis.

Risk of bias

The searching and selection process was independently performed by two reviewers (K.Y. and J.N.Y.E) and fol-
lowed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram. Any
disagreement between the two reviewers was solved through discussion and consensus with a third reviewer
(N.PY). In addition, we used the ROBINS-I tool to evaluate the risk of bias for all the included articles from
seven aspects (Supplementary Figs. 1 and 2)*. Two authors (K.Y. and ].N.Y.E) independently assessed the risk of
bias. Any disagreement on the risk of bias score was resolved by (N.P.Y). We assessed bias due to a confounding
domain according to whether the control and case groups were matched by age and gender. The biases in study
participants, classification of intervention, deviations from intended interventions, and measurement of out-
comes were "Low" and "Moderate". Bias due to missing data were rated whether data were reported completely.
Bias in the selection of the reported result was evaluated whether the outcome was reported completely. Based
on the evaluation of 7 domains, we compute the overall risk of bias and the results were reported in a rating of
low, moderate, and serious®*.

Statistical analysis

Forest plots for meta-analysis were generated using ReviewManager (RevMan) 5.4.1 (The Cochrane Collabora-
tion, Copenhagen) software. In our meta-analyses, the summary ORs and 95% Cls were calculated using the
random-effects model (because the comparison of data from the three papers comparing FTO rs9939609 and
T2D vyields an 12 value of 95%) using the Mantel-Haenszel statistical method. To summarize study estimates
(odds ratios and 95% confidence intervals) when there were two or more studies for a variant.

Data availability

All data and materials used in this review are included in the main text.
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