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ABSTRACT

The aim of the study is to perform a systematic review and meta-analysis to determine whether the Fat
Mass and Obesity-associated (FTO) polymorphisms influenced obesity and which Single Nucleotide
Polymorphisms (SNPs) raised the risk of obesity. We used PUBMED, SCOPUS, and Web of Science
to identify studies investigating the association between genetic polymorphisms in the FTO gene and
obesity. We discovered 16 studies that included 4,381 obese people and 5,652 healthy control people.
Five genetic polymorphisms showed significant association with increased obesity risk in the allelic
model: 1s9939609 (OR=1.38, 95% CI:1.27-1.50: *=0%, p<0.001), rs8050136 (OR=1.23, 95%
CI:1.03—1.46: I>=54%, p=0.02), rs3751812 (OR=1.31, 95% CI:1.18—1.45: I>=4%, p<0.001), rs1421085
(OR=1.29, 95% CI: 1.14—1.46: 1>=4%, p<0.001) and rs1121980 (OR=1.45, 95% CI: 1.10—1.93: >=66%,
p=0.009). For the allelic model, no significant correlation was identified in the rs15588902 SNP FTO
gene (OR=1.24, 95% CI:0.96—1.62: 1’=62%, p=0.11). Therefore, this meta-analysis found six FTO
SNPs linked to human FTO polymorphisms and the risk of obesity. Further research on the FTO gene

and obesity should consider gene-gene and gene-environment interactions.

Keywords: FTO, obesity, single nucleotide polymorphisms

INTRODUCTION

Obesity prevalence increased from 15.1%
in 2011 to 17.7% in 2015 and 19.9% in 2019,
indicating a severe global problem (Chong et al.
2023). Obesity can be induced by high-calorie
consumption, physical inactivity, and inherited
factors (Lin & Li 2021). These conditions cause
noncommunicable diseases such as hypertension,
type 2 diabetes, and coronary heart disease
(Rangel-Huerta et al. 2019).

In obesogenic genes, many Single
Nucleotide Polymorphisms (SNPs) are linked to
an increased risk of obesity (Velazquez-Roman
et al. 2021). It implies that inherited traits may
have a role in the onset of obesity. The Fat
Mass and Obesity-Associated (FTO) gene are
most linked to obesity (Ruiz-Diaz et al. 2022).
Body Mass Index (BMI) and fat deposition have
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been linked to this gene (Xu et al. 2023). Since
obesity has been demonstrated to have a high
heritability, genetic variation accounts for up to
80% of interindividual variance in BMI (Ramirez
et al. 2022). A BMlI-related genetic mutation
may increase calorie intake and decrease satiety
(Danaher et al. 2019).

Although numerous studies have been
conducted to investigate the association between
the FTO gene and other diseases such as obesity,
hypertension, and polycystic ovary syndrome
(Zhao et al. 2019; He et al. 2014; Cai et al. 2014),
little study has been conducted on the associations
between genetic polymorphisms in the FTO
gene and obesity. It is unclear whether the FTO
gene can cause obesity in some individuals and
which FTO SNPs were responsible for obesity.
Therefore, this study aimed to determine whether
FTO polymorphisms might affect obesity and
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which SNPs can increase the risk of obesity.
These findings will help academics and healthcare
professionals better understand this relationship.

METHODS

Design, location, and time

This study has been registered in
PROSPERO, the International Prospective
Register of Systematic Reviews, with project ID
CRD42022371341. Systematic searches were
conducted in October 2022 on the titles, abstracts,
keywords, and full texts of documents from three
online databases, including PubMed, Scopus,
and Web of Science. The scope of information in
genetics, FTO genes, obesity, and singlenucleotide
polymorphisms were chosen for this study. The
research focuses on FTO polymorphisms that
are linked to obesity. Obese and healthy control
subjects were the target populations. There were
no time constraints for publishing, study design,
or subject age. Exclusion criteria included book
series, conferences, manuscripts, and review
articles.

Sampling

Newcastle-Ottawa  Scale (NOS), a
validated, easy-to-use scale of 8 items in three
domains, selection, comparability, and outcome,
was employed to evaluate the reliability of
included study outcomes for meta-analysis.
Except for comparability, studies were graded
one point out of nine. The quality of studies was
graded on a scale of 09, with 0—2 indicating
poor quality, 3—5 indicating fair quality, and
6—9 indicating high quality (Forte et al. 2022).
Studies with fair and good quality were chosen
for this study to improve the review's validity.
Hardy-Weinberg Equilibrium (HWE) was used
to calculate the number of heterozygous and
homozygous carriers of each variant using an
online calculator based on allele frequency
in stable populations (Abramovs et al. 2020).
Hardy-Weinberg proportions may deviate when
these assumptions are violated. This review
also adhered to the "Preferred Reporting Items
for Systematic Reviews and Meta-Analyses"
(PRISMA) guidelines 2020 forreporting this study.

Data collection

All studies in the current analysis
contributed to the human FTO gene and obesity.

128

Keywords including "genetic polymorphisms",
"SNP", "FTO gene", "overweight", "obesity" and
"single nucleotide polymorphisms" were used
for the search strategy. Boolean operators like
"AND" and "OR" were employed to combine
the keywords. Following the exclusion of
duplicate records, the titles and abstracts have
been examined for compliance with the inclusion
criteria. When there was insufficient information
in the abstracts to determine selection status, the
full texts of journals were assessed. The journals
were evaluated separately by at least two authors.
Discrepancies were resolved through group
discussion, leading to final, consistent decision-
making. The following information was extracted
from each study's data: FTO SNPs, the first
author’s name, publication year, study's location,
population, definition of obesity, the number of
cases and controls, the risk allele, alleles, HWE
p-value, and NOS scores.

Data analysis

This study calculated the I? index of forest
plot heterogeneity using Review Manager 5.4.
If the I*> was less than 50%, the studies were
classified as having low heterogeneity and used
the fixed effect model. A random effect model
was used if I? was greater than 50%, indicating
high heterogeneity. To assess the correlations
between FTO polymorphisms and susceptibility
to obesity, we obtained the Odds Ratios (ORs)
and 95% Confidence Intervals (CIs) for dominant,
recessive, and allelic models from the forest
plots. Egger's tests and STATA 12 were used to
investigate publication bias displayed in funnel
plots.

RESULTS AND DISCUSSION

The database search found 2,148 journals:
1,247 from PubMed, 343 from Scopus, and 558
from Web of Science. Eliminating 1,511 duplicate
studies (n=342) reduced the number of studies
to 1,806. After excluding 233 studies, 295 were
retained for title and abstract screening. The study
aforementioned was excluded from the analysis
because it did not meet the inclusion criteria.
After assessing 62 studies for eligibility, 46 were
excluded due to insufficient data reporting. The
systematic review included 16 studies, 14 of
which were included in the meta-analysis.
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Table 1 summarised the study's
characteristics. This systematic review included
16 studies that were published between 2008 and
2023. However, 14 studies were evaluated in this
meta-analysis, and the remaining studies were
excluded due to a lack of research supporting a
relationship between SNPs and the risk of obesity.

rs9939609 and rs8050136

Figure 1(a) shows the genotypes AA/AT
against TT (dominant model) in 19939609 with
OR=1.42 and 95% CI:1.27—-1.58. These findings
showed that the allele of A in both SNPs should
be highlighted as the obesity risk factor.

rs3751812 and rs1558902

The OR and 95% CI for the TT/GT vs GG
genotypes inrs3751812 were 1.38 and 1.22—1.57,
respectively [Figure 2 (a)].

rs1421085 and rs1121980

The dominant model for rs1421085 (CC/
TC vs TT genotypes) showed OR=1.24 with
95% CI:0.92—1.67 [Figure 3 (a)]. The C allele in
rs1421085 and A allele in rs1121980 may indicate
an increased likelihood of obesity.

Egger's test and funnel plots examined the
studies' publication bias. Only rs9939609 was
assessed for publication bias as this SNP consisted
of ten studies. These plots showed symmetry for
dominant, recessive, and allelic models (Figure
4), which meant there were no publication biases
within these studies (p=0.164, 0.826, and 0.541,
respectively).

r$9939609 was the most popular SNP that
was investigated in most studies. This meta-
analysis found that the A-allele was an indicator
of increasing the risk of obesity. Previous meta-
analyses also found the A allele in rs9939609 was
strongly associated with an increased likelihood
of obesity (Abd Ali et al. 2021; Zhao et al. 2019).
AA genotypes were protected from weight gain in
Chinese children, and children with TT genotypes
were predisposed to being obese (Lubis et al.
2017). However, 1s9939609 also did not impact
obesity in Malays (Apalasamy ef al. 2012). These
might be due to racial differences or interactions
with other SNPs.

In Chinese and Japanese populations, the
rs8050136 SNP was significantly linked with
waist circumference and BMI (Cheung et al.
2010; Hotta et al. 2008). Due to higher levels
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of energy intake, those with AC+AA genotypes
had a higher BMI correlation than the wild CC
genotype (Wu et al. 2014). Furthermore, people
with AA genotypes who exercised were more
sensitive when they had mutant alleles, indicating
a significant association with twice-increased
obesity susceptibility (Kanwal et al. 2023). The
finding of this meta-analysis discovered that the
A allele in rs8050136 may cause the onset of
obesity. Moreover, lifestyle choices influenced
the effect of FTO SNPs and increased FTO genetic
susceptibility to obesity (Velazquez-Roman et
al. 2021). Additionally, our results linked the
rs8050136 polymorphism to an increased risk of
obesity, consistent with previous meta-analyses
(Zhao et al. 2019).

There was a significant association
between rs3751812 polymorphism and a higher
risk of obesity in several populations (Hotta et al.
2008; Chehadeh ef al. 2020). Compared to wild
GG genotypes, the GT+TT genotype was related
to greater BMI in Chinese adolescents (Wu et
al. 2014). The findings indicated that the risk T
allele was significantly associated with obesity
compared to the G allele. However, those with the
TG and TT genotypes who exercised suggested
that it minimized the harmful effects of BMI in
Taiwanese people (Liaw ef al. 2019).

A study found that BMI was more
significant in the TA+AA genotypes at
rs1558902 compared to the wild TT genotype
(Wu et al. 2014). The results also showed that
AA/AT genotypes in the dominant model were
significantly linked to obesity. It suggested that
these genotypes might influence the development
of obesity. The FTO genotypes rs1421085 and
rs1121980 were associated with uncontrollable
eating behaviors (Cameron et al. 2019). Our
meta-analysis revealed that compared to the T
and G alleles, the risk C allele and risk A allele of
the rs1421085 and rs1121980 were significantly
associated with a higher likelihood of obesity.
These three SNPs were reported to be positively
related to a higher risk of obesity in a previous
meta-analysis (Liu et al. 2013).

This study had several strengths. Firstly,
this study included participants of different ages
compared to the previous meta-analysis (Abd Ali
et al. 2021). Secondly, a significant correlation
between FTO polymorphisms among diverse
ethnic groups was discovered in this study
compared to another meta-analysis (Zhao et al.
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Table 1. Summary of studies included in the qualitative analysis

. . . Number .
b Leaion | Sub A Oy il proswe M e MNENOS
controls
Spain,
Albuquerque  Spanish  Case- g on BMI=40  270/408 1517817449 G TG 0874 5
etal 2018 and control
Portuguese

159921255 G T/IG  0.046

eAtp(f;azsgrlnzy Mf/}zly;;zn Jase Adults BMIX0  158/429 11077128 G GIT 0775 4
rs3751812 T GIT 0351
rs1558902 A T/A  0.187
rs8050136 A C/A 0351
159939609 A T/A 0287
rs7186521 A AIG 0364
1s13334933 A AIG 0823
1516952517 A G/A 0347
1516945088 A AIG 0530
rs17817449 G TG 0351
17190492 A G/A 0226
1517218700 G G/A 0935
rs11642841  C C/A  0.663
rs1861867 T CT 0169
1s11075994 G G/A 0839
16499643 T T/IC 0492
154784323 G G/A 0247
157206790 G /G 0.733
1516952522 G /G 0391
rs17817288 G G/A 0870
159939973 A AIG 0254
rs1121980 A A/G  0.003
157204609  C CT 0279
rs11643744 G AIG 0711

gpjll'azsgrlnzy. Mﬂzly;;zn C(;ifreol Adults  BMI>30 158/429 rs1421090  C T/IC 0171 4
151421085  C T/IC  0.187
rs10852521  C CT 0744
19935401 G A/G 0315
rs17818902 T TG 0.671
17191513 A G/A 0470
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Continue from Table 1

. . . Number .
Flrst.author, Locathn, Stqdy Age Obe.31.ty of cases/  FTO SNP Risk Alleles HWE NOS
publish year  population  design group definition allele ») score
controls
Cameron Canada, — Cross- )\ q e BMI=27  55/50  rs3751812 T GIT 092 5
etal 2019 mixed sectional
rs8050136 A C/A 0.679
1$9939609 A T/A 0.679
rs1421085 C T/C 0.997
rs1121980 A/G 0.253
United
Chehadeh Arab Case- Young
ot al 2020 Emirates, control adults BMI>25  318/392 159941349 T G/T 0.200 6
mixed
rs3751812 T G/T 0.407
Cheung Hong Case-
Kong, Adults BMI>27  470/700  rs8050136 A C/A 0.377 5
etal 2010 . control
Chinese
Garcia-Solis Mexico, Cross- . BMI Z-
et al 2016 Mexican  sectional Children scores1 226/343  1s9939609 A T/A 0.058 6
Huang Taiwan, = Cross- =\ g 1o BMI>27 264323 156499640 A A/G 0698 6
etal 2016 Taiwanese  sectional
Hotta Japan, - Case- - aquie BMIZ30 927/1527 159940128 A A/G 0753 5
et al. 2008 Japanese control
rs8050136 A C/A 0.541
1$9939609 A T/A 0.529
1s3751812 T G/T 0.583
rs1421085 C T/C 0.524
1$9937053 A A/G 0.790
rs1121980 A A/G 0.850
1rs9939973 A A/G 0.790
1$7204609 C C/T 0.120
157193144 C C/T 0.793
Hotta Japan, Case-  Aqults  BMI=30  927/1527 r1s1558902 A T/A 0987 5
et al. 2008 Japanese control
rs7185735 G G/A 0.751
1$9931494 G G/C 0.783
rs17817964 T T/C 0.648
1s9930506 G G/A 0.572
1$9932754 C C/T 0.868
1s8043757 T T/A 0.358
rs9923233 C C/G 0.613
1$9922619 T T/G 0.943
J. Gizi Pangan, Volume 20, Supp.1, September 2025 131
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Continue from Table 1

o, Lot Sl M Ol oty rosw N i NS
controls
rs12149832 A A/G 0942
19926280 A A/G 0246
ff;;”;éB ?;itgg Cgiifol Adults  BMI>25 150/100 158050136 A C/A  0.00 5
Lubis gi?ﬁi?:é Case- . BMI
ol 2017 o come Children  >95th 105107 159939609 T AT 0258 5
Chinese percentile
BMI >30,
Margge - AT Cinical Acde‘ﬁf:' Dl 268103 19939609 A TA 0244 7
percentile
227612%%7 Islf‘;g; C(éifreol Adult  BMI>29.9 106/106 1s17817449 G T/G  0.0003 5
212? 5013 sigii& C(f)?lstfgl Children BMI>25 292/242 1s10852525 A G/A 0974 6
157194336 T G/IT 0304
17203181 A C/A  0.063
136499656  C G/IC 0259
17194907  C T/C  0.629
58056299 G A/G  0.741
1517225435 G A/G  0.630
rs8049235 A G/A 0353
212‘;_ 2013 Ssplﬁir;’h C(f)?lstfgl Children BMI>25 292/242 15697771 T CT 0812 6
1512596638 A G/A  0.751
11643744 G A/G  0.178
157200579 G C/G  0.406
rs12445162 A G/A 0534
rs11075986 G C/G  0.498
17203521 G A/G  0.544
rs1861868 G A/G 0431
17199716 T C/T  0.498
rs13334214 T CT 0550
rs7194243 T C/T 0730
rs1136002  C T/C 0338
14784351 G A/G  0.674
12540781 A C/A 0.0004
rs8049933 T C/T  0.033
19928094 G A/G  0.862
132 J. Gizi Pangan, Volume 20, Supp.1, September 2025
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Continue from Table 1

. . . Number .
ot Lo Syt Oy GO o B e MVE NS
controls
159930333 G T/G 0857
157205986 G A/G  0.056
13826160 C  TIC  0.562
8061518 G A/G  0.398
1516952623 C  T/IC  0.035
1516952624 T CT 0983
2111113 C GIC 0556
151558687 T C/T  0.620
52075202 G TG 0247
159939609 A T/A  0.667
159935401 A G/A  0.505
17818902 G A/G 0475
7191513 C GIC  0.604
151008400 T  C/T  0.167
Ol 13 Sif;ifil“s’}l S Children BMI2S 292242 1512932373 T C/T 0060 6
152689248 A C/A 0937
rs17833492 A C/A 0303
157190053 T C/T  0.520
2111114 G A/G 0199
1s8044353 A G/A  0.682
1510521303 A C/A 0.038
151558756 T C/T  0.074
110852521 T C/T 0465
Pk jndia, - CaSe  Aquiis BMI30  309/333 19939609 A TA 0023 7
Kzlr?lzaiuez_ Mexico, Case-  Aqults  BMI>30 285266 1s9939609 A T/A 0817 5
et al 2021 Mexican control = ’
ol CC}EL“:;e Jase Acde‘;lf:‘ BMI>25 178223 156499640 A A/G 0132 5
156499640 A A/G  0.132
3751812 T G/T  0.544
151558002 A T/A  0.544
158050136 A C/A 0.548
19939609 A T/A 0.0

BMI: Body Mas Index: FTO: Fat Mass and Obesity-Associated; SNP: Single Nucleotide Polymorphism: HWE: Hardy-Weinberg Equilib-

rium; NOS: Newcastle-Ottawa Scale
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a)

AAIAT TT Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl1
Apalasamy 2012 80 300 78 287 10.9% 0.97 [0.68, 1.40] = =
Cameron 2019 36 67 19 38 21% 1.16 [0.52, 2.58] e
Garcia-Solis 2016 41 144 70 310 5.9% 1.36 [0.87, 2.14] T
Hotta 2008 385 883 534 1539 41.0% 1.45[1.23,1.72] -
Lubis 2017 99 198 6 14 1.0% 1.33[0.45, 3.98] N
Mangge 2011 193 265 75 106 5.4% 1.11 [0.67, 1.82] o il
Olza 2013 218 369 72 162 7.6% 1.80 [1.24, 2.62] o
Prakash 2016 212 417 97 225 11.6% 1.36 [0.98, 1.89] F—
Velazquez-Roman 2021 142 242 134 299 9.3% 1.75[1.24, 2.46] PR
Wu 2014 45 86 131 310 51% 1.50 [0.93, 2.42] T
Total (95% CI) 2971 3290 100.0% 1.42 [1.27, 1.58] *
Total events 1451 1216
Heterogeneity: Chi® = 8.52, df = 9 (P = 0.48); I = 0% b + + |
Test for overall effect: Z = 6.24 (P < 0.00001) 000 il [AA/AT] Favours [r1?] A
b)
AA AT/TT Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Apalasamy 2012 20 61 138 526 10.2% 1.37 [0.78, 2.42] T
Cameron 2019 9 15 46 90  2.8% 1.43 [0.47, 4.36] =
Garcia-Solis 2016 1 21 100 433 2.3% 3.66 [1.51, 8.88]
Hotta 2008 51 106 868 2316 20.9% 1.55 [1.05, 2.29] =
Lubis 2017 67 129 38 83 11.8% 1.28[0.74, 2.22] (15
Mangge 2011 75 91 193 280 8.8% 2.11[1.16, 3.84] —
Olza 2013 69 102 221 429 14.6% 1.97 [1.25, 3.10] =
Prakash 2016 74 131 235 511 221% 1.52[1.04, 2.24] =
Velazquez-Roman 2021 25 37 251 504 5.9% 2.10[1.03, 4.27] —=—
Wu 2014 3 a 173 392  05%  3.80[0.39, 36.83] —
Total (95% CI) 697 5564 100.0% 1.69 [1.42, 2.02] ‘
Total events 404 2263
Heterogeneity: Chi® = 6.79, df = 9 (P = 0.66); I* = 0% [ + + |
Test for overall effect: Z = 6.83 (P < 0.00001) e ?,‘;mms [AA] Favours [/\1T0/'m i
©)
A T Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Apalasamy 2012 100 361 216 813 104% 1.06 [0.80, 1.40] i &
Cameron 2019 a5 82 65 128  2.5% 1.18 [0.68, 2.06] i D
Garcia-Solis 2016 52 165 170 743 4.6% 1.55 [1.07, 2.25] =
Hotta 2008 436 989 1402 3855 34.5% 1.38[1.20, 1.59] -
Lubis 2017 166 327 44 97 3.6% 1.24 [0.79, 1.96] S
Mangge 2011 268 356 268 386 6.9% 1.34 [0.97, 1.85] =
Olza 2013 287 471 293 591 10.9% 1.59 [1.24, 2.03] -
Prakash 2016 286 548 332 736 14.6% 1.33[1.06, 1.66] =
Velazquez-Roman 2021 167 279 385 803 8.6% 1.62[1.23, 2.13] =
Wu 2014 48 90 304 702  3.5% 1.50 [0.96, 2.32] —
Total (95% CI) 3668 8854 100.0%  1.38[1.27,1.50] +
Total events 1855 3479
Heterogeneity: Chi® = 7.17, df = 9 (P = 0.62); I* = 0% + + +
Test for overall effect: Z = 7.58 (P < 0.00001) 001 L s Al Favours r:‘JO 190
d
AA/AC cc Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Apalasamy 2012 50 300 78 278 13.9%  0.93[0.65, 1.34] —
Cameron 2019 36 67 18 38 26% 1.16[0.52, 2.58] T
Cheung 2010 142 298 326 861 205% 1.49[1.15,1.95) -
Hotta 2008 387 893 538 1556 51.9% 1.45[1.22,1.71] | |
Kanwal 2023 100 152 50 a8 4.9% 1.85[1.10,3.10] —
Wi 2014 46 ar 131 310 6.3% 1.53[0.85, 2.47] —
Total (95% CI) 1797 3141 100.0%  1.40[1.24, 1.59] +
Total events 791 1142
Heterngeneity: Chi*= 6.56, df= 5 (P = 0.26), *= 24% :El 0 + - 1UU=
Test for overall effect. Z=5.41 (P < 0.00001) : Favours [AAICC]  Favours [CC]
°)
AA Ac/cC Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Apalasamy 2012 19 B0 139 627 202% 1.29[0.73,2.30]
Cameron 2018 9 15 46 90 14.7% 1.43[0.47, 4.26]
Cheung 2010 11 18 457 1141 16.3% 2.35(0.91,6.11]
Hotta 2008 51 107 874 2342 21.9% 1.53[1.04, 2.26]
Kanwal 2023 29 73 121 177 20.3% 0.31[017,054] =
Wu 2014 3 4 174 303 B.7% 3.78[0.39, 36.62]
Total (95% ClI) 277 4670 100.0% 1.20 [0.60, 2.41]
Total events 122 1811
.ll-_ien:;ogenem/l:lT:ru fgf;;:zhép:—zoaﬁun)' df=5(P < 0.0001); F=81% '0.001 051 1- ) 1000'
estioroverall efiecl. 2= 1. o Favours [AA] Favours [AA/CC]
A C 0Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Apalasamy 2012 99 360 217 814 184% 1.04[0.79,1.38) *
Carmeron 2019 45 82 65 128 77% 1.18[0.68, 2.06) -
Cheung 2010 153 316 783 2002 21.0% 1.46[1.15,1.85) hd
Hotta 2008 438 1000 1412 3893 28.1% 1.37[1.19,1.58) L
Kanwal 2023 129 225 171 275 14.0% 0.82(0.57,1.17] i
Wu 2014 43 91 305 703 109% 1.52(0.98, 2.36) ™
Total (95% CI) 2074 7815 100.0% 1.23[1.03, 1.46] *
Total events 913 2953
ity Tauf= - Chif= - - = + 4 s ,
e ek L T b
- - Favours [A] Favours [C]

Figure 1. (a) dominant model, (b) recessive model, and (c) allelic model are forest plot in rs9939609 and
(d) dominant model, (e) recessive model, and (f) allelic model are forest plot in rs8050136
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a)

TTIGT GG 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Apalasamy 2012 80 300 78 287 150%  0.97[0.68, 1.40] =
Cameron 2019 35 65 20 40 29% 1.17[0.53, 2.57] 1
El Hajj Chehadeh 2020 198 405 120 305 17.9% 1.47[1.09, 1.99] =
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Figure 2. (a) dominant model, (b) recessive model, and (c) allelic model are forest plot in rs3751812 and

(d) dominant model, (e) recessive model, and (f) allelic model are forest plot in rs1558902
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Figure 3. (a) dominant model, (b) recessive model, and (c) allelic model are forest plot in rs1421085 and
(d) dominant model, (e) recessive model, and (f) allelic model are forest plot in rs1121980
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Figure 4. Egger's funnel plot for rs9939609 a) dominant model, b) recessive model, and c) allelic
model

2019). Lastly, in contrast to other research, we
included many FTO SNPs at increased risk of
obesity in this analysis (Doaei et al. 2019).

CONCLUSION

In conclusion, this research showed that
human FTO polymorphisms can influence the
risk of obesity across a wide range of populations
and age groups. A significant connection between
obesity risk and six FTO SNPs were identified.
Further studies should focus on gene-gene
and gene-environment interactions should be
conducted to gain a better understanding of the
relationship.
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