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Background/objectives: Fat mass and obesity associated (FTO) gene and
anthropometric measurements might be associated with breast cancer (BC)
risk. This study aimed to assess the interactions between single nucleotide
polymorphism (SNP) rs9939609 of the FTO gene, anthropometric indices, and
BC risk among pre- and post-menopause women with overweight/obesity in
Pakistan.

Methods: This retrospective case—control study conducted on a convenience
sample of 200 women divided into two groups: a case group comprised of
100 women diagnosed with BC, and control group comprised of 100 (age and
menopausal status matched healthy women). Physical activity was assessed
using validated questionnaire. Data on body mass index (BMI, kg/mz2), waist-
to-hip ratio (WHR, cm), sociodemographic, and blood samples were collected
from both groups. The rs9939609 FTO gene polymorphism was genotyped
using the tetra-primer amplification refractory mutation system polymerase
chain reaction and Sanger sequencing. Multiple regressions were presented as
adjusted odds ratios (OR) and their respective confidence intervals (95% Cl).

Results: The FTO rs9939609 T > A polymorphism showed a significantly higher
frequency of the homozygous AA genotype in BC patients compared to healthy
controls (22% vs. 13%, p < 0.05). The odds ratio for BC was 24 (Cl = 1.09-5.3,
p < 0.05), indicating that women with the AA genotype were more susceptible
to BC compared to those with the wild-type TT genotype. Additionally, BC
patients exhibited significantly higher BMI (27 + 4.0 vs. 25 + 34, p < 0.05) and
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WHR (0.88 + 0.06 vs. 0.85 + 0.08, p <0.05) compared to healthy controls.
These findings suggest a significant association between the FTO rs9939609 AA
genotype, obesity, and BC risk.

Conclusion: FTO gene polymorphism may be implicated in the etiopathogenesis
of BC, both in FTO pre- and post-menopause women diagnosed with
overweight/obesity. Future cohorts are required to confirm the association
between the FTO gene and BC in obese women and to identify the underlying
biological mechanisms.
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1 Introduction

Breast cancer (BC) is a group of diseases in which errors in cell
division lead to a lump or tumor in the breast (1). It is the most
frequently diagnosed cancer, with an incidence rate of 10.4% of all
cancers, and responsible for about 1 million out of 10 million new
neoplasms diagnosed every year around the world (2, 3). Pakistan has
the highest rate of BC in Asia, with 1 in 9 women estimated to have a
chance of developing BC at any stage of life (4). In Pakistan, the
reported cases of BC were 25,928, which accounted for 14.5% of all
types of cancer in 2020 (5).

Obesity has been reported to increase the risk of BC (6), and there
is evidence that weight loss, as well as a decrease in fat intake, may
reduce the risk of BC (7). The fat mass and obesity-associated (FTO)
gene has lately emerged as one of the most widely studied genes linked
to body mass. The FTO gene, also known as a 2-oxoglutarate
dependent non-heme deoxygenate family member, is in the nucleus
and spans more than 400Kb on chromosome 16, and it has nine exons
(8). Given the strong association of obesity with BC, several studies
examined the relationship between FTO gene polymorphism and the
incidence of BC (9). Thus, single nucleotide polymorphism (SNP) of
FTO has been associated with an increased risk of obesity in genome-
wide association studies (GWAS) (10). Homozygous loss-of-function
of the FTO gene was reported to cause severe growth retardation and
multiple malformations (11). In contrast, a duplication of the FTO
gene was found to be associated with morbid obesity (12).

The prevalence of the FTO rs9939609 polymorphism varies
significantly across different populations. The A-allele, associated with
increased susceptibility to obesity, has been observed in higher
frequencies in European populations, where approximately 40-50%
of individuals carry at least one copy of the A-allele (13). In contrast,
the prevalence is lower in East Asian populations, ranging from
12-20% (14, 15). Another study reported that approximately 30-40%
of South Asian populations, including populations in India and
Pakistan, carry the A-allele (16). The frequency of the AA genotype
is similarly variable, with higher prevalence rates reported in
Caucasian populations compared to African and East Asian
populations (17). Further studies have documented the impact of the
FTO genotype on body weight and obesity traits. Mehrdad et al,,
observed that individuals with the AA genotype had significantly
higher body weight (~3.6kg and ~10.1kg more, respectively)
compared to those with the AT and TT genotypes (18). Moreover,
carriers of the A-allele exhibited higher BMI and fat mass (FM) than
non-carriers (18). Andreasen et al., in a large Danish cohort, found
that homozygous A-allele carriers had a 1.1 kg/m* higher BMI and
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23 cm greater waist circumference (WC) compared to their
non-carrier counterparts (19). Similarly, a meta-analysis conducted
by Kilpeldinen et al. (20) confirmed that individuals with the AA
genotype had a 1.67-fold increased risk of obesity across multiple
European populations.

In South Asian populations, the association between FTO
polymorphisms and obesity has been studied, with results indicating
a significant correlation between the A-allele and increased adiposity
measures (21). A study conducted in India by Vimaleswaran et al. (22)
reported that the presence of the A-allele associated with a higher risk
of central obesity. In addition to the widely studied rs9939609 variant
of the FTO gene, other SNPs such as rs8050136 and rs1558902 have
also been shown to be significantly associated with obesity-related
traits. These SNPs are located within the same region of the FTO gene
and have been implicated in influencing BMI, WC, and fat mass (23).
Studies suggest that the rs8050136 SNP shares a strong linkage
disequilibrium with rs9939609 and exerts a similar influence on
obesity risk, while rs1558902 has been linked to higher fat
accumulation and increased obesity risk in various populations. There
is growing evidence that dietary and lifestyle modifications can
significantly influence the expression of genes, including the FTO
gene, which plays a critical role in energy homeostasis and obesity
(24). Modifications such as increased physical activity and specific
dietary interventions have been shown to reduce FTO gene expression,
potentially lowering obesity risk (24). These genetic factors, combined
with nutritional influences, can help explain the variability in the
prevalence and severity of breast cancer, as well as other chronic
diseases. However, the possible association between nutrition and
genetics in the context of BC is not clearly elucidated, particularly in
developing societies like Pakistan, where both nutrition and genetics
are more diverse than in the rest of the world.

Obesity is a well-established risk factor for breast cancer (BC),
with increasing evidence linking genetic factors, particularly the FTO
gene, to obesity and BC susceptibility (13, 25). Notably, the rs9939609
SNP has been widely studied in relation to body mass index (BMI)
and waist-to-hip ratio (WHR), both of which are important
anthropometric measures linked to BC risk (26). The rs9939609
variant has been reported to be present in varying frequencies across
different ethnic groups, with studies indicating its prevalence in
populations of South Asian descent (27). This study specifically
focuses on the FTO rs9939609 SNP, as its association with obesity and
its role in BC risk, especially in populations with high rates of obesity,
remains underexplored. Given the growing prevalence of obesity in
Pakistan and the lack of comprehensive studies examining genetic
and anthropometric interactions in relation to BC risk, this SNP was
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chosen to investigate its potential contribution to BC susceptibility in
Pakistani women with overweight/obesity.

2 Materials and methods
2.1 Study design and population

This was a retrospective case—control study conducted at two
tertiary care facilities in the Khyber Pakhtunkhwa (KP) region of
Pakistan including Oncology Units’ Outpatients Department (OPD)
of the Institute of Radiation and Nuclear Medicine (IRNUM), and
Khyber Teaching Hospital (KTH). STROBE guidelines have been
followed for this study (28). Ethical approval was obtained from the
Faculty of Nutrition Sciences, Ethics Committee and Human Studies
Review Board (FNS-ECHSRB-2020-02) at The University of
Agriculture, Peshawar, Pakistan.

2.2 Sample size

The sample size was determined using Epi Info, following
established guidelines (29). The calculation assumed a 70% exposure
probability among controls and a 0.2 correlation coefficient between
matched cases and controls. With a true odds ratio of 3 for the disease
in exposed versus unexposed individuals, the required sample size for
this case-control study was 200 participants (100 cases and 100
controls). This calculation was based on achieving 80% power and 5%
types I error rate for testing the null hypothesis. The study employed a
convenience sampling method, which may limit the external validity as
the sample may not fully represent the broader population, potentially
affecting the generalizability of the results to different settings or
populations. To address this, the sample was selected from a specific
region, aiming to capture a cohort reflective of the local population.

2.3 Groups allocation and criteria

Upon assessment, the oncologist confirmed the histology and the
presence of initial BC in newly diagnosed women with overweight
and/or obesity. The same menopause status and age match (+5.0 years)
were the prerequisites of the hospital and visitor-based control
(healthy) for assuring to have similar racial/genetic, economic, and
cultural backgrounds of both groups. Written consent from the
subjects was taken prior to the commencement of the study. The
eligible women divided into two groups: a case group comprised of
100 women diagnosed with BC, and healthy control group comprised
of 100, age and menopausal status matched healthy women. The
inclusion criteria for both groups were women aged 20-65 years,
while exclusion criteria included those with genetic disorders,
pregnancy, breastfeeding, and other comorbidities.

2.4 Sociodemographic data
Data on socioeconomic status, including education, occupation

status, and lifestyle factors (such as physical activity) were collected
using a self-administered questionnaire.
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2.5 Reproductive characteristics

Reproductive history regarding the age at first menarche, age at
first pregnancy, parity, usage of oral contraceptives, and hormone
replacement therapy were questioned. Participants were also asked
about any associated co-morbidities or family history of BC and their
responses were noted in written form. The matching technique
involved pairing participants in the case and control groups by age
(within a 5-year range), and menopausal status (pre- or post-
menopausal), which was operationalized based on self-reported age
and menstrual history to control for hormonal differences that could
influence the outcomes.

2.6 Anthropometric measurements and
physical activity

Using standardized instruments, women’s anthropometric
measurements such as weight, height, and waist and hip
(30). Weight and height
measurements were used to compute BMI (kg/m?), while women’s

circumferences were undertaken
waist and hip measurements were used to determine waist-to-hip ratio
(WHR, cm) (31). For physical activity, the International Physical
Activity Questionnaire (IPAQ). These tools have been previously
validated in similar studies, ensuring their reliability (32).

2.7 Blood sample collection

Blood samples were collected in phlebotomy under the
standard guidelines through trained nurses after approval from
hospital administration. Each subject was drawn approximately
3 mL of blood from the antecubital vein. Tubes containing 3 mL
EDTA were used for DNA isolation and subsequent gene
polymorphism determination. Samples were collected and kept
at-20°C in the refrigerator in the Pharmacogenomics laboratory-
Khyber Medical University-Peshawar.

2.8 Genotyping/allele-specific PCR and
sequencing

DNA was extracted using the ThermoScientific #K0781 kit and
stored at-20°C. To amplify the DNA fragment containing the FTO
gene polymorphism (rs9939609), a polymerase chain reaction (PCR)
was set up with the following components: 1 pL of 2.5 mM dNTPs,
2 pL of NH4SO4 buffer, 25 mM MgCl2, 0.8 pL of 10 pM forward
primer (5-TGGAGAATGATGAAGTA-3"), 0.7 uL of 10 pM reverse
primer (5-GCAATTTAAGTAATGCCTAT-3’), 0.7pL of Taq
polymerase, 1.5 uL of DNA template, and 12.5 pL of deionized water,
all mixed in a 20 pL volume. The PCR conditions included an initial
denaturation at 95°C for 5 min, followed by 35 cycles of 95°C for 30 s
(denaturation), 68°C for 45s (annealing), and 72°C for 45s
(extension), with a final extension at 72°C for 10 min.

For gel electrophoresis, a 2% agarose gel was prepared, and 20 pL
of each amplified DNA sample was mixed with four pL of 6x loading
dye. The gel was run at 90 V for 30 min. Bands were visualized under
UV light to determine genotypes. For sequencing, the purified DNA
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samples were sent to TSINGKE Biotechnology Co., Ltd. in China for
Sanger sequencing. The genotypes were confirmed by comparing
sequencing results with those from allele-specific PCR using online
tools like BLAST and Clustal W.

2.9 Statistical analysis

Data were analyzed using SPSS software version 20 (IBM).
Comparisons between the two groups were made regarding
demographics, reproductive history, anthropometric measurements,
and the presence of the FTO gene polymorphism. Initially, t-tests
were used for quantitative variables and chi-square tests for
qualitative variables. We performed logistic regression analysis to
explore the association between FTO polymorphisms and breast
cancer (BC), adjusting for key covariates that could influence the
results. These included age, menopausal status, hormonal
replacement therapy (HRT) use, oral contraceptive use, family
history of breast cancer, physical activity level. These factors were
selected based on their established impact on BC risk and obesity.
The logistic regression models were first performed unadjusted,
followed by adjustments for these covariates to account for potential
confounding effects. This approach ensured that the association
between FTO polymorphisms and BC was independent of other
known risk factors. To assess the relationship between BC and the
risk allele of the rs9939609 polymorphism, logistic regression
analysis was conducted. Results were reported as odds ratios (OR)
with 95% confidence intervals (CI), and significance was set at
p <0.05. Genotype percentages and frequencies were calculated for
Hardy-Weinberg equilibrium using Microsoft Excel 2010.
Deviations from Hardy-Weinberg equilibrium were tested using the
chi-square test and the “OEGE Online Hardy-Weinberg
Equilibrium Calculator”.

TABLE 1 Descriptive characteristics of the BC patients (n = 200).

10.3389/fnut.2025.1548340

3 Results

3.1 Descriptive characteristics of the BC
patients (case vs. control)

The Table 1 presents general characteristics of individuals
encompassing 816 participants. There was no significant variation
among the ages of the studied participants and majority of participants
were married (90%). While there was a slight trend suggesting higher
odds of being a BC among single individuals, this association was not
statistically significant after adjusting for confounders. There was no
significant association between family type and BC status after
adjustment. Similarly, family size categories did not demonstrate a
significant association with BC and healthy status after adjustment.
The education level emerged as a significant predictor, with illiterate
individuals showing 2.8 times higher odds of being BC compared to
literate individuals after adjusting for potential confounders. These
findings underscore the importance of considering socio-demographic
factors in understanding and addressing the risk factors associated
with the outcome under investigation. Breastfeeding practices also
revealed a significant association, with those who breastfed having
lower odds of being BC risk (OR=0.6, 95% CI: 0.2-1.7) after
adjustment. Additionally, the menopausal status displayed a
noteworthy correlation, with postmenopausal women over 45 years
old exhibiting increased odds of being BC (OR = 2.9, 95% CI: 1.5-3.9)
after adjusting for confounders. Hormone replacement therapy (HRT)
and oral contraceptives (OC) use demonstrated associations as well,
with OC users showing higher odds of being BC (OR = 2.6, 95% CI:
1.4-3.5) after adjustment. In contrast, no such significant association
was found for HRT after adjustment. These findings emphasize the
complex relationship of reproductive factors in the context of BC risk,
necessitating comprehensive understanding and targeted interventions
in cancer prevention and management strategies.

Characteristics Mean + SD/N% P-value Unadjusted Adjusted**
BC Healthy
Age 200 45+6.3 45+3.3 >0.05 - -
Marital status Single 23 7 (7%) 16 (16%) Reference Reference
Married 177 93 (93%) 85 (85%) > 00 0.7 (0.4-1.2) 0.9 (0.6-1.5)
Menopause status Postmenopausal 101 51 (51%) 50 (50%) Reference Reference
Premenopausal 99 50 (50%) 49 (49%) <0 1.4 (1-1.7)* 2.9 (1.5-3.9)*
Hormones replacement Never 176 85 (85%) 91 (91%) Reference Reference
therapy (HRT) Yes 14 15 (8%) 6 (9%) w00 1.5 (0.9-2.5) 1.4 (0.5-2.75)
Oral contraceptive (OC) Never 178 86 (86%) 92 (90%) Reference Reference
duration yes 22 14 (10%) 7 (7%) 00 1.9 (1.2-3.2)* 2.6 (1.4-3.5)%
Family history of BC No 172 84 (84%) 88 (88%) Reference Reference
Yes 28 16 (16%) 12 (12%) 07008 1.7 (1.1-2.6)* 1.8 (0.7-2.6)
Physical activity No 160 86 (86%) 74 (74%) Reference Reference
Yes 40 14 (7%) 16 (16%) w00 0.04 (0.2-0.6)* 0.7 (0.2-2)

SD = standard deviation; N% = number of women (percentage), * At a = 0.05, to compare the two groups, student t-tests and chi-square tests were used, **adjusted with marital status as

single, HRT and OC usage, family history of BC, and, breast-feeding practice.
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3.2 Anthropometric status and risk of
breast cancer

Table 2 presents the anthropometric data of individuals, including
BMI classification, WC, and WHR, and their relation to BC risk with
both unadjusted and Adjusted ORs. After adjustment, underweight
individuals showed a non-significant decrease in BC risk compared to
those with normal BMI. Those with a higher WC (>80 cm) also
showed a non-significant increase of BC risk. However, individuals
with a higher WHR (>0.85) exhibited a significant increase in BC risk
compared to those with normal WHR (<0.85) after adjustment (Adj.
OR =2.2,95% CI: 1.2-3.9), suggesting that abdominal obesity may
be associated with increased risk of BC.

3.3 FTO gene polymorphism in women
with BC and healthy control

Table 3 presents the frequency distribution of the genotypes and
alleles at the FTO gene rs9939609 polymorphism in women with BC
and healthy controls. Among the BC group, the TT genotype was
observed in 39% of women, the TA genotype in 39%, and the AA
genotype in 22% (Figure 1). In the healthy control group, the TT
genotype was more prevalent (56%), followed by the TA genotype
(31%) and the AA genotype (13%) (Figure 1). The analysis revealed
that women carrying the TA genotype had an increased but not
statistically significant risk of BC, with an adjusted OR of 1.8 (95% CI:
0.96-5.3) compared to those with the TT genotype. However, the AA
genotype was associated with a significant increased risk of BC, with
an adjusted OR of 2.4 (95% CI: 1.09-5.3), indicating that women with
the AA genotype were more likely to develop BC than those with the
TT genotype.

3.4 Hardy—Weinberg equilibrium (HWE)
analysis

Table 4 presents the genotyping distribution of the FTO 19939609
polymorphism in BC (BC) patients and healthy controls, along with

TABLE 2 Anthropometric status of both case and control groups (n = 200).

BMlI classification

Healthy

10.3389/fnut.2025.1548340

the Hardy-Weinberg equilibrium (HWE) analysis for both groups. In
the BC group, the observed frequencies of the TT, TA, and AA
genotypes were 39, 39, and 22%, respectively, while the expected
frequencies were 34% for TT, 48% for TA, and 17% for AA. The
chi-square ()?) value for HWE in the BC group was 3.8, with a p-value
of 0.04, indicating a significant deviation from Hardy-Weinberg
equilibrium. In the healthy control group, the observed frequencies
for the TT, TA, and AA genotypes were 56, 31, and 13%, respectively,
while the expected frequencies were 51% for T'T, 40% for TA, and 8%
for AA. The chi-square ()?) value for HWE in the control group was
5.7, with a p-value of 0.01, also indicating a significant deviation from
Hardy-Weinberg equilibrium. These results suggest that the genotype
distribution of the FTO rs9939609 polymorphism has significant
deviations from HWE in both groups suggest that the population
might not be in equilibrium for the rs9939609 polymorphism. This
could be due to several factors, such as non-random mating, genetic
drift, selection pressure, or population stratification, and small
sample size.

3.5 Association of FTO genotypes with
obesity

Table 5 shows the association of FTO rs9939609 genotypes with
obesity, measured by Body Mass Index (BMI) and Waist-Hip Ratio
(WHR), in women with BC and healthy controls. For the TT genotype,
the mean BMI was similar between BC and healthy control group
(24 £ 2.9 vs. 24 + 3.4), with no statistically significant difference. The
TA genotype showed significant difference in BMI between cases and
controls (26 * 1.6 vs. 25 * 3.3). Also, women with the AA genotype
had a significantly higher BMI in BC compared to control (27 + 4.0
vs. 25 + 3.4, p < 0.05). Regarding WHR, no significant differences
were observed for the TT and TA genotypes between BC and healthy
counterpart. The TT genotype showed similar WHR values
(0.85+0.00 vs. 0.84 £0.08), and the TA genotype also showed
comparable WHR values (0.86 + 0.08 vs. 0.85 + 0.09). In contrast, the
AA genotype was associated with a significantly higher WHR in BC
compared to healthy control (0.88 £ 0.06 vs. 0.85 + 0.08, p < 0.05).
These findings suggest that the AA genotype of the FTO rs9939609

OR (95%Cl)
Adjusted**

p value

Unadjusted

Normal (18.5-24.9) 57 24 (24%) 33 (33%) Reference Reference
Underweight (<18.5) 26 15 (15%) 11 (11%) w00 0.4 (0.3-1.) 0.6 (0.5-1.1)
Overweight (25-29.9) 72 35 (35%) 37 (37%) >0.05 1.2 (0.8-1.4) 1.1 (0.9-1.3)
Obese (>30) 45 (26%) 19 (19%) <0.001 1.0 (1-1.5)* 1.01 (1-1.04)*
WC classification

Normal (<80 cm) 89 41 (41%) 48 (48%) Reference Reference
High WC (>80 cm) 111 59 (59%) 52 (52%) w00 1.5(0.9-1.8) 1.4 (0.9-2.2)
WHR Classification

Normal WHR 142 68 (68%) 74 (74%) Reference Reference
High WHR (>0.85) 58 32 (32%) 26 (26%) 00 1.3 (1-1.9)* 2.2 (1.2-3.9)*

*At o = 0.05, Student t tests or chi-square tests were used to compare group differences. **Age at fist menarche, age at first pregnancy, menopause status, WHR = waist to hip ratio.
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TABLE 3 The frequency of genotypes and alleles at the FTO gene in case
and control.

rs 9939609 BC (%) Healthy (%) Adjusted
(n = 100) (n =100) OR (95%Cl)

Genotyping

TT 39 (39%) 56 (56%) Ref

TA 39 (39%) 31 (31%) 1.8 (0.96-5.3)

AA 22 (22%) 13 (13%) 2.4 (1.09-5.3)*

Adjusted for Age, Menopause status, HRT and OC usage & BMI, *P value <0.05.

Frquency of rs 9939609 Genotype in cases and

control

60% 56%

50%
E 1%
)
]
c
o 30%
§ 0 m Cases
a

20% = Control

10%

0%
T TA AA
Genotype
FIGURE 1

Frequency of rs9939609 genotype. TT genotype is more common in
controls. AA genotype is more common in BC group, aligning with
the statistically significant adjusted OR (2.4, p < 0.05). TA genotype is
equally distributed in BC group but lower in healthy control.

polymorphism may be linked to increased obesity risk, as indicated
by higher BMI and WHR, in women with BC.

The inclusion of these covariates was based on their established
association with both obesity and breast cancer, ensuring that the
results for the FTO polymorphism were not confounded by other
factors. All models were adjusted for these variables to provide a
clearer understanding of the independent effect of the FTO rs9939606
polymorphism on BC risk.

4 Discussion

The present case—control study identified an association between
BC and the risk allele of the FTO rs9939609 polymorphism among
Pakistani participants, the first of its kind study in Pakistan. The FTO
gene is a novel gene, and SNPs in FTO have been linked to an
increased risk of obesity in genome-wide association studies (GWAS).
We explored the correlation between FTO polymorphism and BC risk
associated with high BMI, and WHR in both cases and healthy control
groups. Among women with a BMI >24.9 and a WHR > 0.85,
we observed a significant difference in the distribution of FTO
polymorphism between cases and healthy controls. This suggests that
abnormal anthropometric indices may increase the risk of BC, which
in turn may influence the polymorphism of the FTO gene.

The association between FTO gene polymorphism and BC has
been studied across different ethnic groups with varying results.
Findings of the current study suggest that hormone replacement
treatment (HRT) increases the risk of BC. This is supported by Li
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et al., 34, who suggested that the combination of estrogen and ER
positivity in developing mammary gland promotes tumor growth and
angiogenesis, which is one of the mechanisms by which HRT & OC
(oral contraceptive) use affects BC in younger women (33). Recent
studies continue to emphasize the significant impact of family history
on BC risk. Women with a first-degree relative diagnosed with BC are
at approximately double the risk of developing the disease themselves
(35). Although hereditary BC cases account for only 5-10% of all BC
cases, updated estimates suggest that by the age of 70, 55-72% of FTO
mutation carriers will develop BC. These findings reinforce the
importance of genetic counseling and testing for women with a family
history of BC (36). The results of this study found a highly significant
association between physical activity and reduced BC (BC) risk. These
findings are consistent with previous research, which also indicates
that regular physical exercise (3-5 days a week) can reduce the risk of
BC by 20-40% (37). Recent studies further support that physical
activity lowers estrogen levels and other growth factors, contributing
to a decreased risk of BC. This protective effect underscores the
importance of incorporating regular physical activity into lifestyle
recommendations for BC prevention (38).

Regarding the rs9939609 SNP of the FTO gene, our study results
align with recent findings that suggest a significant correlation
between this polymorphism and an increased risk of BC, particularly
in certain populations. Recent research by Li et al. (34) has
demonstrated that the rs9939609 polymorphism is associated with
higher BMI and increased BC risk, particularly in postmenopausal
women (39). The biological mechanism underlying this association
may involve the role of the FTO gene in adipogenesis and energy
balance regulation. The FTO gene influences the demethylation of
N6-methyladenosine (m6A) in RNA, which affects the expression of
genes involved in lipid metabolism and fat storage. This can lead to
increased adiposity, higher estrogen levels, and insulin resistance, all
of which are risk factors for BC. The study further elaborated that the
AA genotype is associated with higher levels of circulating estrogen,
which may contribute to tumor growth in estrogen receptor-positive
BC (40).

Recent studies have highlighted a significant association between
FTO gene polymorphisms, particularly the rs9939609 variant, and
breast cancer risk, with findings showing variability across different
populations and metabolic contexts. For instance, research
conducted on European and Asian cohorts demonstrates that the AA
genotype of the FTO rs9939609 polymorphism is linked to an
elevated risk of breast cancer, potentially due to its influence on BMI,
hormonal changes, and energy metabolism (41). Furthermore, a
meta-analysis of multiple studies across various ethnic groups
emphasizes that FTO’ role in breast cancer risk is often mediated by
factors like obesity, estrogen receptor status, and metabolic health
(42). Studies have consistently shown that the A allele of the FTO
r$9939609 variant is strongly linked to higher BMI and increased
obesity risk. For instance, research conducted in Chinese and South
Asian populations has demonstrated that carriers of the A allele
experience higher risks of obesity and type 2 diabetes (43).
Additionally, meta-analyses across various cohorts from Europe,
Latin America, and Asia have confirmed the role of the A allele in
contributing to elevated BMI and obesity susceptibility (44). This
aligns with findings that FTO gene variations influence energy
regulation, appetite, and metabolism, underscoring their impact on
obesity across different ethnic and demographic groups. These
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TABLE 4 Genotyping distribution of FTO rs9939609 for HWE between case and healthy control (n = 200).

BC (n = 100)

Genotype

Observed
value

Expected
value

Healthy HWE

(n = 100)

Observed
value

Expected X2 P-value

value

TABLE 5 Association of FTO genotypes with obesity in case and healthy control.

VDR SNPs Genotype Mean BMI Adjusted p-value
Total (N) BC Healthy
TT 23 24429 24+34 >0.05
FTO 159939609 TA 142 26+ 1.6 25+33 <0.00
AA 35 27 +4.0 25+3.4 <0.05
Mean WHR (>0.85)
T 21 0.85 + 0.00 0.84 +0.08 >0.05
FTO 1s9939609 TA 139 0.86 +0.08 0.85 +0.09 >0.05
AA 40 0.88 £ 0.06 0.85 +0.08 <0.05

The adjusted p-values considering the following covariates: age, menopausal status, hormonal replacement therapy, oral contraceptive use, history of breast cancer, and physical activity.

Adjustments were made using logistic regression analysis.

studies collectively validate the strong connection between FTO
polymorphisms and obesity, emphasizing the need for targeted
genetic research and intervention strategies in public health
initiatives globally (45).

In contrast, a study on the Iranian population, involving 1,134
cases and 1,453 controls, found no significant association between
19939609 and BC risk (46). However, supporting our findings, a study
also reported that the rs9939609 FTO gene polymorphism significantly
increases the risk of BC in overweight and obese women (45). This
study highlighted that increased adiposity associated with the AA
genotype could enhance estrogen production from adipose tissue,
thereby promoting estrogen-dependent tumor growth in breast tissue
(47). Several biological mechanisms link obesity and BC risk, such as
obesity increases insulin resistance, hyperinsulinemia, growth
hormone secretion, the production of carcinogens (mitogenesis,
mutagenesis, angiogenesis, reduced apoptosis, metastasis, and
immunosuppression), oxidative stress, and the inflammatory
processes (48). For the justification of the mechanistic role of FTO in
metabolism, Liu et al. assessed the effect of FTO on the energy
metabolism of BC cells. They explained the mechanism as an FTO
inhibitor restrained pyruvate kinase and hexokinase activity and
suppressed BC cell glycolysis, partly through lowering the levels of
PI3K, p-PI3K, Akt, and p-Akt, which were members of PI3K/AKT
signaling pathway and progress tumor growth (49). It was also
revealed by Gholamalizadeh et al. that FTO functioned to activate the
PI3K/Akt signaling pathway and promote BC cell proliferation in BC
patients (50). Furthermore, P53 is a tumor suppressor gene that
encodes a nuclear phosphoprotein that is known to control normal
cell growth. P53 mutations produce a nonfunctional protein that
accumulates in tumor cell nuclei and appears to have a role in the
development and/or progression of a variety of cancers, including
human BC (51).
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Obesity has been established as a significant risk factor for
BC. Evidence suggests that weight loss and reductions in fat
consumption can lead to a decreased risk of developing BC (11). The
FTO gene, which is associated with obesity, has been linked to various
health conditions through its role in regulating body weight and
metabolism. Homozygous loss-of-function mutations in FTO have
been associated with severe growth retardation and multiple
malformations, highlighting the genes critical role in normal
development (52). Conversely, duplications of the FTO gene have
been found to contribute to morbid obesity, further emphasizing its
role in weight regulation and associated health risks (11).
Furthermore, population stratification may have influenced genotype
distributions, especially in a genetically diverse setting like Pakistan,
potentially contributing to the deviation from Hardy-Weinberg
Equilibrium (HWE) observed in both case and control groups. Such
deviation could reflect underlying population substructure or
sampling bias, and thus the genetic associations observed should
be interpreted cautiously. While this study supports a potential
association between FTO rs9939609 polymorphism, obesity, and
breast cancer (BC), the mechanistic pathways linking these variables
remain speculative and require further validation in longitudinal or
functional studies. Additionally, unmeasured confounders such as
physical activity, and socioeconomic status—factors known to
influence both BMI and BC risk (53, 54)—may have impacted the
associations observed and should be considered in future research for
more robust conclusions.

Limitations of the study including, first that other anthropometric
measurements, such as body fat composition, were not assessed.
Second, this study was limited to only one SNP of the FTO gene, and
other SNPs of obesity gene may have different associations with
BC. Finally, further studies on the risk of FTO gene polymorphism
with BC will be required on a larger sample size.
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5 Conclusion

This study might suggest that the FTO rs9939609 AA genotype is
associated with increased obesity in both pre and post-menopause
women with BC; it could be more clarified with a large sample size.
This genetic association highlights the potential role of FTO in
obesity-related cancer risk. Further research is needed to explore the
biological mechanisms underlying this association and to develop
targeted interventions for individuals with genetic predispositions to
both obesity and cancer. Future research is required to confirm the
link between the FTO gene and BC in obese females, as well as to
expose the mechanisms that underlie it.
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