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Abstract
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Obesity and type-2 diabetes mellitus (T2DM) have become a common and increasingly growing chronic non-communicable dis-
ease worldwide with potentially devastating complications and the FTO gene (rs9939609) are found to be associated with obe-
sity and T2DM in several studies. So, the present review is aimed to investigate the current understanding of the effect of the FTO
gene (r$9939609) on obesity and T2DM. PubMed, Medline, Google Scholar, Cochrane library, and several other databases were
searched up from 2000 to 2019 to identify and select relevant studies. Research conducted using humans are only considered as
eligible. Among the 17 prospective cohort studies, two have found no significant association between the FTO gene and type-2
diabetes (T2D), four studies revealed an association of the FTO gene with obesity and T2D and 11 studies identified a positive
association of the FTO gene with obesity. The current study confirmed the significant association of the FTO gene with the risk
of obesity and T2DM. Further studies should be conducted to identify the causal variant and the underlying mechanisms of the

identified association.
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Introduction

Obesity is one of the common non-com-
municable diseases that results from high energy
intake and low energy expenditure, producing an
excessive fat depot accumulation in fatty tissue.
Evidence from several studies states that human
obesity is caused by a multifactorial disorders
such as genes and lifestyle factors, including
physical activity and diet are important factors
(1). A recent genome-wide search for suscepti-
bility genes for type 2 diabetes mellitus (T2DM)
revealed a novel gene with an unknown function

that contributes significantly to common obesity
when Frayling et al. (and the Welcome Trust Case
Control Consortium, WTCCC) discovered a clus-
ter of SNPsin the FTO gene that are highly associ-
ated with obesity (2).

FTO gene which is involved in the regu-
lation of food intake and energy expenditure is
highly expressed in the hypothalamus region of
the brain (3). In mice, it wasidentified as fused toe
(Ft) and it was mapped on the chromosome. Ani-
mals that are heterozygous showed fused toes on
their limbs and thymic hyperplasia, while homo-
zygous mice exhibited a lethal malformation of
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the developing brain. Although FTO mRNA was
expressed in different human tissues, such as
adipose tissue and beta cells, the highest levels
of FTO gene expression were found in the brain,
specifically in the hypothalamus, pituitary, and
adrenal glands (4).

They replicated the associations
(rs9939609) with obesity in a total of 38,759 indi-
viduals. Strong associations of single-nucleotide
polymorphisms (SNPs) (rs1421085 and rs17817449)
of the FTO gene with childhood and severe adult
obesity are also found (5). Two other genome-
wide association studies also independently
reported the associations of nearby FTO genetic
variants  (rs9930506, rs8050136, rs7193144,
rs1121980, and rs9939973) with obesity and obesi-
ty-related traits in European and Hispanic pop-
ulations (6). The diabetes associations with both
rs9939609 and rs8050136 appeared to be largely
mediated through their high associations with
BMI (body mass index) (7). There is evidence to
suggest ethnic differences for the associations
of FTO variants and obesity and/or diabetes, but
very few data are available from a well-character-
ized multiethnic cohort of US populations, espe-
cially American minority groups (8, 9).

FTO polymorphisms associated with
T2D (type-2 diabetes) or BMI are in tight link-
age disequilibrium (HapMap release 23, March
2008), including rs9939609, rs1121980, rs17817449,
rs3751812, and rs1421085. Therefore, we investi-
gated the association between the FTO rs9939609
polymorphism and the risk of obesity and T2D as
well as clinical and biochemical phenotypes in
the French Multinational Monitoring of Trends
and Determinants in Cardiovascular Disease
(MONICA) population study (10).

In the multifactorial pathogenesis of
T2DM, it is crucial to use an approach to ana-
lyze the association of the FTO gene with
T2DM, taking into account the influence of the
socio-economic status, lifestyle factors, and obe-
sity-related measurements. Therefore, the pur-
pose of the study was to evaluate the association
of FTO-rs9939609 polymorphism with T2D and
obesity from current studies.
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Methods
Search strategy

This review is mainly accumulated the
current published data or information. Several
databases and search engines including PubMed,
Medline, Google Scholar, Cochrane library etc.
were searched for literature from 2000 to 2019.
Reference lists of the studies that were included
in the analysis were also searched as well. For an
appropriate searching keyword like FTO gene,
rs9939609, obesity, obese, BMI, T2DM, diabetes,
blood sugar, etc. were used. Searches were lim-
ited to articles published in the English language.

Study selection

Any cross-sectional, case-control, cohort,
and experimental study on humans providing
sufficient information on the effect FTO gene
on obesity and T2DM was considered eligible for
review. Articles published before 2000, reviews
and not assessing the effect of the FTO gene
(rs9939609) on T2D and obesity were excluded.

Results

In the current review, seventeen pro-
spective cohort studies were explored that iden-
tified the effect of the FTO gene on obesity and
T2DM (Table 1). Among the seventeen prospec-
tive cohort studies, two have found no significant
association between the FTO gene and T2D, four
studies revealed an association of the FTO gene
with obesity and T2D and eleven studies identi-
fied a positive association of the FTO gene with
obesity.

Discussion

In this review, there lies an incongruity
in the prospective cohort studies while exploring

© 2021 The Authors
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the relationship of the FTO gene between obesity
and diabetes. Several studies found a positive
association of increased obesity and T2DM with
the FTO gene, but others showed no association
with T2DM.

Many genes have been studied to be
associated with obesity, which one of the most
important of these genesisthe FTO gene (25). FTO
association with obesity was confirmed through
the presence of single nucleotide polymorphisms
(SNPs) (26).

Some studies have shown a positive rela-
tionship between FTO gene expression levels
with BMI (27). However, one study indicated that
there is an inverse relationship between obesity
and FTO gene expression in visceral adipose tis-
sue in humans (28). It’s suggested that the FTO
gene hasarolein body fat metabolism. Those who
carry the FTO obesity-associated risk allele had
less lipolysis in adipocytes, indicating a possible
role for the FTO gene in the metabolism of adi-
pose tissue (29). In another study that FTO gene
expression was suppressed in mice, weight loss,
and decreased ratio of white adipose tissue (WAT)
to brown adipose tissue (BAT) was reported.
This means that FTO may be involved in turn-
ing the WAT into BAT. Moreover, energy intake
and energy expenditure significantly increased
in these mice (30). In general, most studies have
shown that FTO gene expression and FTO poly-
morphism are related to body weight and compo-
sition (31).

Childhood obesity is also increasing rap-
idly worldwide and is a cause of considerable
concern (32). To determine the age at which the
association of FTO SNP rs9939609 with BMI first
becomes evident, we analyzed two large birth
cohorts for which suitable measures were avail-
able from birth to early adolescence (26).

The National Nutrition Survey of Japan
reported that the prevalence of subjects with a
BMI of 30 kg/m2 is only 2.3% in men and 3.4%
in women aged 20 years and older (33), and the
mean BMI was approximately 23 kg/m2 for ages
15-84 years (34). Inconsistency in the results
of effects of variations in the FTO gene on BMI
between Japanese and Europeans may be due to
the relatively small mean and variance of BMI in
the former than the latter (13).

© 2021 The Authors
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Conclusion

Obesity and T2DM is not a disease of afflu-
ence now but has become a burden for the whole
society of the world. Numerous studies along
with the World Health Organization (WHO)
have reported the devastating health outcome of
T2DM and obesity together with a serious eco-
nomic crisis.

In the present review, an attempt has been
made to provide comprehensive detail of the asso-
ciation of the FTO gene with obesity and T2DM
risk. Therefore, to get a better understanding of
this area of knowledge, further investigation is
necessary to generate uncontroversial evidence.

Conflict of interest:

None.

References

1. Kirac, D., Kasimay, C. O., Avcilar, T., et al. (2016). Effects of
MCA4R, FTO, and NMB gene variants to obesity, physical activ-
ity, and eating behavior phenotypes. [uBMB Life. 68(10):806-816.

2. Peeters, A., Beckers, S., Verrijken, A., et al. (2008). Variants in
the FTO gene are associated with common obesity in the Belgian
population. Mol Genet Metabol. 93(4):481-484.

3. Prakash, J., Mittal, B., Srivastava, A., Awasthi, S., Srivastava, N.
(2016). Association of FTO rs9939609 SNP with obesity and obe-
sity-associated phenotypesin a North Indian population. Oman
Med J. 31(2):99.

4. Zabena, C., Gonzalez-Sanchez, J. L., Martinez-Larrad, M. T., et
al. (2009). The FTO obesity gene. Genotyping and gene expres-
sion analysis in morbidly obese patients. Obes Surg. 19(1):87-95.

5. Dina, C., Meyre, D., Gallina, S., et al. (2007). Variation in FTO
contributes to childhood obesity and severe adult obesity. Nat
Genet. 39(6):724-726.

6. Scuteri, A., Sanna, S., Chen, W.-M., et al. (2007). Genome-wide
association scan shows genetic variants in the FTO gene are
associated with obesity-related traits. PLoS Genet. 3(7):ell5.

7. Scott, L. J., Mohlke, K. L., Bonnycastle, L. L., et al. (2007). A
genome-wideassociation study of type 2 diabetesin Finns detects
multiple susceptibility variants. Science. 316(5829):1341-1345.

8. Li,H.,Wu, Y., Loos, R. J., etal. (2008). Variants in the fat mass-
and obesity-associated (FTO) gene are not associated with obe-
sity in a Chinese Han population. Diabetes. 57(1):264-268.

9. Ohashi, J., Naka, I., Kimura, R., et al. (2007). FTO polymor-
phisms in oceanic populations. J Hum Genet. 52(12):1031-1035.

10. Legry, V., Cottel, D., Ferriéres, J., et al. (2009). Effect of an FTO
polymorphism on fat mass, obesity, and type 2 diabetes mellitus
in the French MONICA Study. Metabolism. 58(7):971-975.

Romanian Journal of Diabetes, Nutrition and Metabolic Diseases :: www.rjdnmd.org 451


www.rjdnmd.org�

Shill LC ef al. Association of FTO gene (rs9939609) with obesity and type-2 diabetes mellitus: Review from current studies

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

452

Binh, T. Q., Phuong, P. T., Nhung, B. T., Thoang, D. D., Lien,
H. T., Van Thanh, D. (2013). Association of the common
FT0-rs9939609 polymorphism with type 2 diabetes, indepen-
dent of obesity-related traits in a Vietnamese population. Gene.
513(1):31-35.

Jacobsson, J. A., Danielsson, P., Svensson, V., et al. (2008).
Major gender difference in association of FTO gene variant
among severely obese children with obesity and obesity related
phenotypes. Biochem Biophy Res Comm. 368(3):476-482.

Hotta, K., Nakata, Y., Matsuo, T., et al. (2008). Variations in the
FTO gene are associated with severe obesity in the Japanese. |
Huwm Genet. 53(6):546-553.

Price, R. A., Li, W.-D., Zhao, H. (2008). FTO gene SNPs associ-
ated with extreme obesity in cases, controls and extremely dis-
cordant sister pairs. BMC Med Genet. 9(1):4.

Miiller, T. D., Hinney, A., Scherag, A., et al. (2008). ‘Fat mass and
obesity associated’gene (FTO): no significant association of vari-
ant rs9939609 with weight loss in a lifestyle intervention and
lipid metabolism markers in German obese children and adoles-
cents. BMC Med Genet. 9(1):85.

Chang, Y.-C., Liu, P.-H., Lee, W.-J., et al. (2008). Common vari-
ation in the fat mass and obesity-associated (FTO) gene confers
risk of obesity and modulates BMI in the Chinese population.
Diabetes. 57(8):2245-2252.

Song, Y., You, Nc., Hsu, Y. H., et al. (2008). FTO polymorphisms
are associated with obesity but not diabetes risk in postmeno-
pausal women. Obesity. 16(11):2472-2480.

Shabana, N., Hasnain, S. (2015). Association of the leptin recep-
tor GIn223 Arg polymorphism with lipid profile in obese Paki-
stani subjects. Nutrition. 31(9):1136-1140.

Muc, M., Padez, C., Manco, L. (2015). Influence of physical activ-
ity on the association between the FTO variant rs9939609 and
adiposity in young adults. Am ] Hum Biol. 27(5):734-738.
Al-Serri, A., Al-Bustan, S. A., Kamkar, M., et al. (2018). Associa-
tion of FTO rs9939609 with obesity in the Kuwaiti population: A
public health concern? Med Principles Prac. 27(2):145-151.

Xi, B., Shen, Y., Zhang, M., et al. (2010). The common rs9939609
variant of the fat mass and obesity-associated gene is associated
with obesity risk in children and adolescents of Beijing, China.
BMC Med Genet. 11(1):107.

Zavattari, P., Loche, A., Pilia, S., et al. (2011). rs9939609 in
the FTO gene is associated with obesity but not with several

https://doi.org/10.46389/rjd-2021-1065

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

biochemical parameters in Sardinian obese children. Ann Hum
Genet. 75(6):648-654.

Xu, Y., Ling, J., Yang, M., et al. (2014). Rs7206790 and rs11644943
in FTO gene are associated with risk of obesity in Chinese
school-age population. PLoS One. 9(9):e108050.

Andreasen, C. H., Stender-Petersen, K. L., Mogensen, M. S.,
et al. (2008). Low physical activity accentuates the effect of the
FTO rs9939609 polymorphism on body fat accumulation. Diabe-
tes. 57(1):95-101.

Rampersaud, E., Mitchell, B. D., Pollin, T. 1., et al. (2008). Physical
activity and the association of common FTO gene variants with
body mass index and obesity. Arch Intern Med. 168(16):1791-1797.
Frayling, T. M., Timpson, N. J., Weedon, M. N., et al. (2007). A
common variant in the FTO gene is associated with body mass
index and predisposes to childhood and adult obesity. Science.
316(5826):889-894.

Doaei, S., Kalantari, N., Mohammadi, N. K., Tabesh, G. A.,
Gholamalizadeh, M. (2017). Macronutrients and the FTO gene
expression in hypothalamus; a systematic review of experimen-
tal studies. Ind Heart J. 69(2):277-281.

Kléting, N., Schleinitz, D., Ruschke, K., et al. (2008). Inverse
relationship between obesity and FTO gene expression in vis-
ceral adipose tissue in humans. Diabetologia. 51(4):641-647.
Wahlén, K., Sjolin, E., Hoffstedt, J. (2008). The common
rs9939609 gene variant of the fat mass-and obesity-associated
gene FTO is related to fat cell lipolysis. ] Lipid Res. 49(3):607-611.
Smemo, S., Tena, J. J., Kim, K.-H., et al. (2014). Obesity-associ-
ated variants within FTO form long-range functional connec-
tions with IRX3. Nature. 507(7492):371-375.

Akbari, M., Gholamalizadeh, M., Doaei, S., Mirsafa, F. (2018).
FTO gene affects obesity and breast cancer through similar
mechanisms: a new insight into the molecular therapeutic tar-
gets. Nutr Can. 70(1):30-36.

Lobstein, T., Baur, L., Uauy, R. (2004). Obesity in children and
young people: a crisis in public health. Obes Rev. 5:4-85.
Yoshiike, N., Kaneda, F., Takimoto, H. (2002). Epidemiology of
obesity and public health strategies for its control in Japan. Asia
Pac J Clin Nutr. 11:S727-S731.

Yoshiike, N., Matsumura, Y., Zaman, M. M., Yamaguchi, M.
(1998). Descriptive epidemiology of body massindex in Japanese
adults in a representative sample from the National Nutrition
Survey 1990-1994. Internat ] Obes. 22(7):684-687.

© 2021 The Authors



	article1.front1.article-meta1.abstract1.
	_GoBack
	_GoBack

