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Abstract
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 (rs9939609) 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 SNPs in 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 was identified 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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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 

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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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.
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