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Abstract
Background  Single Nucleotide Polymorphisms (SNPs) of the Fat mass and obesity-associated (FTO) gene may be 
associated with obesity by regulating appetite. The present study aimed to investigate the relationship between FTO 
genotype and resistance to eating in male adolescents.

Methods  The present cross-sectional study included 246 adolescent boys in Tehran, Iran, who were assessed for self-
efficacy related to weight control using the Weight Efficacy Lifestyle (WEL), questionnaire, food intake using the Food 
Frequency Questionnaire (FFQ), physical activity using the International Physical Activity Questionnaire (IPAQ), and 
anthropometric indices using Bio-Impedance Analyzer (BIA). Moreover, the participants underwent genotyping for 
the rs9930506 polymorphism of the FTO gene, and the relationship between FTO genotype and resistance to eating 
was investigated using different models of multiple linear regression.

Results  According to our findings, there was a significant reverse relationship between the FTO rs9930506 genotype 
and resistance to eating (β: -0.16, P = 0.01). Moreover, the relationship was still significant after adjusting for age, 
nutritional knowledge, BMI, and mother’s BMI, educational level, and occupational status.

Conclusion  According to our results, the FTO genotype had a significant effect on resistance to eating and food 
desires. However, there is a need for further studies to evaluate the underlying mechanisms of the effects of the FTO 
gene on appetite and obesity.
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Introduction
The global prevalence of adolescent overweight and obe-
sity has been increasing dramatically in recent decades 
[1], reaching rates of 5.6% (previously 0.7%) and 7.8% 
(previously 0.9%) for girls and boys aged 5–19 years old, 
respectively [2]. According to the World Obesity Fed-
eration in 2019, about 206  million children and ado-
lescents of the age group of 5–19 years will be affected 
by obesity by 2025, and this number is expected to 
increase to 254 million by 2030 [3]. Studies have shown 
the association of adolescent obesity with several com-
mon adulthood diseases, such as diabetes, malignancies, 
and cardiovascular diseases [4]. Adolescent overweight 
is defined as having a Body Mass Index (BMI) higher 
than one Standard Deviation (SD) over the median of 
the growth reference curve for a given age by the World 
Health Organization (WHO), while adolescent obesity 
is defined as having a BMI higher than two SD over the 
related median [5]. Nowadays, it is agreed upon that 
obesity is a multifactorial disease affected by genetic fac-
tors and environment, such as lifestyle [6]. It has been 
reported that lack of physical activity and high-calorie 
foods are the main causes of obesity in adolescents. How-
ever, genetic and hormonal factors may also play a role 
[7].

According to a recent study, obesity has a genetic ori-
gin, which can be multi- or monogenic. Moreover, it 
has been shown that multigenic obesity is quite com-
mon, while monogenic causes of obesity are rare [8]. For 
example, the Fat mass and obesity-associated (FTO) gene 
plays a crucial role in obesity [9], and adolescent over-
weight and obesity are strongly associated with Single 
Nucleotide Polymorphisms (SNPs) of the FTO gene [10]. 
According to the Genome-Wide Association Studies 
(GWAS), SNPs of the FTO gene have an essential role in 
regulating fat mass and adipogenesis [11]. These obesity-
associated SNPs may increase body weight by altering the 
expression of other genes, such as IRX3 and RPGRIP1L, 
rather than the FTO gene [12]. Also, the SNPs of the 
FTO gene can regulate energy intake since the carri-
ers of the high-risk allele of FTO consume more high-
calorie food, especially fats and sugars [13], and have 
poor eating habits and decreased satiety levels [13]. A 
study on overweight children showed that the rs9939609 
allele of the FTO gene was associated with greater food 
responses, food satisfaction, emotional eating, lower sati-
ety responses, and eating slowness [14].

Thus, the FTO genotype may influence eating behav-
ior by regulating energy intake instead of energy expen-
diture [15]. Several studies have reported a relationship 
between the SNPs of FTO and intake of energy and mac-
ronutrients. However, others have reported incompatible 
results. For example, a study reported that adults with 
the high-risk allele consumed fewer calories and more 

protein [16]. Moreover, a study by Huang et al. (2014) 
reported that hypocaloric weight loss diets reduced the 
food desires and appetite of individuals carrying the 
obesity-prone allele of the FTO [17]. However, the exact 
underlying mechanism of the effect of FTO genotype 
on obesity is not illustrated yet. Also, few studies have 
examined the effects of the SNPs of the FTO gene on the 
appetites of adolescents. On the other hand, the preva-
lence of adolescent obesity has also increased in Iran. For 
example, it has increased from 3.9% to 2000 to 9.3% in 
2016 in 10-19-year-old boys [18]. Therefore, the present 
study aimed to investigate the relationship between the 
FTO genotype and resistance to eating in Iranian male 
adolescents.

Methods
Study design and participants
The present analytical cross-sectional study included 
533 adolescent boys of the age group of 12–16 years who 
were recruited from two high schools in District 5 in 
Tehran, Iran, from April 2021 to March 2022. All partici-
pants and their parents were explained about the study 
goals and methodology and gave written informed con-
sent. Moreover, the boys who had not reached puberty, 
those with incomplete data, and those taking medications 
that affected body weight or appetite, such as anti-dia-
betic agents, antidepressants, β-blockers, oral corticoste-
roids, anti-migraine agents, megestrol, diethylpropion, 
liraglutide, naltrexone-bupropion, phendimetrazine, and 
phentermine, were excluded from the study. The sample 
size was calculated using the OpenEPI online software 
and the odds ratio found in a previous study [19], while 
the sampling was performed using randomized cluster 
sampling.

The collected data included age; educational level 
(without high school diploma, with high school diploma, 
academic education), employment status (with a job, 
without a job), and marital status of mother (married, 
divorced); the attitude, performance, and self-efficacy 
regarding weight control; nutritional knowledge; dietary 
intake; physical activity; and anthropometric indices of 
the participants and their mothers. Moreover, the aware-
ness of the participants regarding the foods affecting 
weight, cholesterol-rich foods, healthy snacks and meals, 
and eating habits in leisure time was evaluated using a 
validated Knowledge, Attitudes, and Practices (KAP) 
survey [20]. The maximum score of this scale was 36, 
28, and 64 for the subscales of knowledge, attitudes, and 
practices, respectively. Moreover, the participants scor-
ing 75% or higher than the maximum score in each scale 
were classified as having “good awareness”, those scoring 
50-75% of the maximum score were considered as hav-
ing “fair awareness”, and those scoring less than 50% were 
considered as having “poor awareness”.
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Also, 247 participants were going to give blood sam-
ples for FTO genotyping and evaluating the presence of 
rs9930506 polymorphism of the FTO gene. However, 4 
participants were excluded due to fear of puncture, while 
4 participants were excluded because the laboratory 
technicians could find a suitable vein for venipuncture. 
Finally, blood samples were taken from 238 participants.

Resistance to eating
Resistance to eating was evaluated using a validated 
20-item version of the Weight Efficacy Lifestyle (WEL) 
questionnaire [21], which assesses resistance to food 
under considerable pressure, such as social pressures and 
mental and physical health problems. The questionnaire 
includes five subscales that each scores 0–36, with a total 
score of 0-180 that is calculated by summing the scores 
of all 5 subscales. Based on previous research, the par-
ticipants were classified into two groups of low score (less 
than 70% of total score) and high score (70% of total score 
or more) in the WEL questionnaire.

Dietary intake
The participants’ average food intake was assessed using 
face-to-face interviews and a validated 168-item Food 
Frequency Questionnaire (FFQ) [22]. Moreover, energy 
and macronutrient intake were estimated based on a 
24-hour food recall. This approach was used for two 
weekdays and one weekend. Also, the intake of cereals, 
legumes, nuts, meats, dairy products, vegetables, fruits, 
oils, and junk food, such as chips, salty puffs, and soda, 
was evaluated using the USDA guidelines.

Physical activity assessment
The present study used the valid International Physical 
Activity Questionnaire (IPAQ) for assessing the level of 
physical activity by recording the time passed at home, 
doing sports, in transportation, and sitting [23]. Then, the 
participants were divided into three categories: low level 
of physical activity (less than 600 MET min per week), 
moderate level of physical activity (600–3000 MET min 
per week), and high level of physical activity (higher than 
3000 MET min per week) [24].

Anthropometric indices
The height was measured using a tape measure with an 
accuracy of 0.5 cm. During height assessment, the partic-
ipants did not have shoes on and their head was attached 
to the wall. Moreover, weight was measured using a Bio-
Impedance Analyzer (BIA) device (BF-511, Omron Co., 
Japan) with an accuracy of 50 g. Also, BMI, rate of body 
fat, rate of body muscle mass, and resting metabolic 
rate were calculated after the age, gender, and height of 
the participant were entered. The validity and reliabil-
ity of this device in estimating body composition had 

been confirmed by a previous study [25]. Based on their 
height and BMI, the participants were categorized using 
z-scores provided by WHO. Moreover, the categorization 
based on the rates of body fat and muscle mass was con-
ducted using the z-scores from previous studies [26].

FTO genotyping
A total of 247 participants underwent blood sampling to 
assess the presence of the rs9930506 polymorphism of 
the FTO gene. A total of 5  cc of blood was taken from 
each participant by 4 laboratory technicians. Then, the 
samples were transferred into pre-coded Ethylenediami-
netetraacetic Acid (EDTA) tubes. After each round of 
blood sampling, the samples collected in the freezer were 
transferred to the cellular and molecular laboratory.

After separating the buffy coat, Deoxyribonucleic Acid 
(DNA) extraction was performed using the specific kit 
(Gene All, South Korea). Moreover, a Nanodrop device 
was used to assess the level of DNA, and the related Opti-
cal Density (OD) was measured at a wavelength of 260–
280 nm. The wavelength of 260 nm was used for DNA, 
while the wavelength of 280 nm was used for protein and 
cyclic compounds, including phenols. The acceptable 
wavelength of 260–280  nm for DNA was considered as 
1.8-2. Also, the quality of the extracted DNA was evalu-
ated using electrophoresis on agarose gel. The Gene 
Runner software was used to design the primers for the 
Polymerase Chain Reaction (PCR) reaction by referring 
to the dbSNP database (http://www.ncbi.nlm.nih.gov/
SNP). Following PCR, the blood samples were assessed 
for the presence of rs9930506 polymorphism of the FTO 
gene using DNA sequencing.

Statistical analysis
The qualitative and quantitative data were analyzed using 
the chi-square test and the independent t-test, respec-
tively. Moreover, the relationship between FTO genotype 
and resistance to eating was investigated using different 
models of multiple linear regression. Also, data analy-
sis was performed using the SPSS software (version 23), 
while the significance level was considered 0.05.

Results
Relationship between resistance to eating and socio-
demographic factors
The relationships between resistance to eating and socio-
demographic factors are presented in Table  1. Accord-
ing to our findings, the participants with low resistance 
to eating (14.15 ± 1.32 years) were significantly older 
than those with high resistance to eating (13.89 ± 1.03 
years, p = 0.03), and those with high resistance to eating 
(63.05 ± 3.6) had significantly higher nutritional knowl-
edge compared to those with low resistance to eating 
(64.58 ± 5.55, p = 0.01). Moreover, resistance to eating 

http://www.ncbi.nlm.nih.gov/SNP
http://www.ncbi.nlm.nih.gov/SNP
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showed no significant relationship with weight, height, 
BMI, rate of body fat, rate of body muscle mass, and 
metabolic rate of the participants (p > 0.05). Also, no 
relationship was found between resistance to eating and 
maternal factors, including weight, height, BMI, marital 
status, educational level, and occupational status of the 
participants’ mothers.

Relationship between resistance to eating and dietary 
intake
The relationship between resistance to eating and dietary 
intake is presented in Table 2. According to our findings, 
there was no significant relationship between resistance 
to eating and consumption of certain food categories 
(p > 0.05).

Relationship between resistance to eating and FTO 
genotype
The relationship between resistance to eating and the 
FTO rs9930506 genotype is presented in Table 3. Accord-
ing to our findings, there was a significant reverse rela-
tionship between the FTO rs9930506 genotype and 
resistance to eating (β: -0.16, P = 0.01). Thus, the preva-
lence of the FTO rs9930506 genotype was higher in the 
participants with low resistance to eating. Moreover, the 
relationship was still significant after adjusting for age 
(Model 2), nutritional knowledge, and mother’s BMI, 
educational level, and occupational status (Model 3), as 
well as BMI (Model 4, Fig. 1).

Discussion
The present study reported a significant reverse relation-
ship between the FTO rs9930506 genotype and resis-
tance to eating that remained significant after adjusting 
for different confounding factors. Moreover, the par-
ticipants with low resistance to eating were significantly 
older and had significantly lower nutritional knowledge 
compared to those with high resistance to eating. Pre-
vious studies have shown that teenagers show more 
unhealthy eating behavior as they get older [27, 28]. This 
can be explained by the fact that older teenagers are more 
likely to be exposed to advertisements of unhealthy food 
on social networks, which decreases their self-regula-
tion of food intake [29]. Also, studies have shown that 
increased nutritional knowledge helps individuals of all 
age groups, including teenagers, adopt healthier eating 
habits [30, 31].

On the other hand, the present study did not show a 
significant relationship between resistance to eating and 
consumption of certain food categories, such as grains, 
nuts, meats, dairy, vegetables, fruits, oils, and junk food. 
According to previous studies, a diet high in vegetables 
is associated with high satiety and less desire for sweet, 
salty, and fatty foods [32]. Moreover, a review showed 

Table 1  Relationship between resistance to eating and socio-
demographic factors

Low resistance to 
eating
(n = 431)

High Resistance to 
eating
(n = 102)

P-
val-
ue

Age† (y) 14.15 ± 1.32 13.89 ± 1.03 0.03*
Height† (cm) 170.30 ± 74.30 165.23 ± 9.57 0.17
Weight† (kg) 61.48 ± 15.82 61.29 ± 18.58 0.92
BMI† (kg/m2) 22.25 ± 4.42 22.30 ± 6.36 0.94
Fat mass† (%) 19.35 ± 8.20 18.93 ± 8.93 0.66
Muscle mass† (%) 38.21 ± 3.60 38.07 ± 4.003 0.74
Metabolic rate† 
(kcal/d)

1637.82 ± 217.07 1643.55 ± 230.84 81.9

Knowledge score† 63.05 ± 3.6 64.58 ± 5.55 0.01*
Physical activity† 
(m/d)

1012.20 ± 1477.36 841.2626 ± 885.27 0.13

Mother’s weight† 
(kg)

79.7979 ± 35.58 77.26 ± 9.40 0.19

Mother’s Height† 
(cm)

165.54 ± 4.70 164.63 ± 5.29 0.11

Mother’s marital status‡

Married 429 (99.5%) 100 (97.1%) 0.35
Divorced 2 (0.4%) 2 (2.0%)
Mother’s educational level‡

Without a high 
school diploma

23 (5.3%) 9 (8.7%) 0.11

With a high school 
Diploma

375 (86.8%) 81 (78.7%)

Academic 
education

33 (7.9%) 12 (12.6%)

Mothers’ occupational status‡

Without a job 384 (88.9%) 86 (83.5%) 0.13
With a job 48 (11.1%) 17 (16.5%)
Number of rs9930506 allele of FTO gene‡(n = 233)
1 56 (35.4%) 29 (38.7%) 0.17
2 72 (45.6%) 39 (52.0%)
3 30 (19.0%) 7 (9.3%)
P-values are calculated using the independent t-test and chi-square test. 
*Significant difference (p < 0.05). †Data expressed as mean ± SD. ‡Data expressed 
as frequency (%)

Table 2  Relationship between resistance to eating and dietary 
intake
Food groups Low resis-

tance to 
eating
(n = 431)

High Re-
sistance to 
eating
(n = 102)

P-
val-
ue

Grains (g/d) 9.37 ± 3.19 10.17 ± 5.86 0.21
Vegetables (g/d) 3.12 ± 2.06 3.61 ± 3.64 0.21
Fruits (g/d) 4.79 ± 3.00 4.75 ± 3.30 0.20
Dairies (g/d) 4.35 ± 1.40 4.75 ± 3.19 0.41
Nuts (g/d) 8.47 ± 9.36 8.40 ± 10.24 0.18
Meats (g/d) 21.99 ± 11.16 23.73 ± 20.54 0.95
Oils (g/d) 36.59 ± 14.35 35.51 ± 34.02 0.91
Junk food (g/d) 6.29 ± 2.88 7.55 ± 5.85 0.75
P-values are calculated using the independent t-test. Data is expressed as 
mean ± SD. *Significant difference (p < 0.05)
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that nuts can suppress hunger and desire to eat, leading 
to a feeling of fullness [33]. These findings are not com-
patible with ours, which can be explained by differences 
in data collection methods. The mentioned studies used 
a self-reported FFQ questionnaire for food intake assess-
ment, which allows for potential reporting errors.

Recent studies have shown a relationship between FTO 
and obesity-related indices in early adolescents [34]. 
However, the exact mechanism of the effect of the FTO 
gene on body weight is not illustrated yet. According to 
several studies, the rs9939609 polymorphism of the FTO 
gene may be involved in regulating satiety and eating 
behaviors in children and adolescents [35, 36]. A study by 
Rivas et al. (2018) reported that the children with the risk 
allele of FTO had lower scores in satiety measures while 
higher scores in food responsiveness and emotional eat-
ing measures compared to other children [14], which was 
compatible with our findings. Moreover, a study by Ran-
zenhofer et al. (2019) showed a significant relationship 
between FTO and food intake in non-obese 5-10-year-
old children whose adiposity was lower or equal to the 

95th percentile [37]. Also, the studies by Emond et al. 
(2017) and Wardle et al. (2008) reported that children 
and adolescents who were carriers of the FTO risk alleles 
had less feeling of satiety and higher energy intake com-
pared to others [13, 35].

Another study by Wardle et al. (2009) reported higher 
energy intake in children with the FTO risk alleles, which 
may lead to eating in the absence of hunger. Thus, carri-
ers of the risk alleles of FTO may have low levels of eating 
control [36]. Moreover, several studies have investigated 
the effect of the rs9939609 polymorphism of the FTO 
gene on satiety and eating patterns in adults, report-
ing that the adults with the risk allele had lower levels of 
satiety and control on eating [38]. For example, a recent 
study by Melhorn et al. (2018) reported that the individu-
als with the risk allele had less feelings of fullness, con-
sumed more calories, and attributed greater appeal to 
high-fat foods compared to other participants [38]. All 
these studies are compatible with our findings, suggest-
ing that those carrying the risk allele may not manifest 
resistance to eating.

Table 3  Relationship between resistance to eating and FTO rs9930506 genotype
Model 1 Model 2 Model 3 Model 4
β P β P β P β P

rs9930506 -0.16 0.01* -0.16 0.01* -0.16 0.01* -0.15 0.02*
Model 1: Crude
Model 2: adjusted for age
Model 3: Model 2 + nutritional knowledge and mother’s BMI, educational level, and occupational status
Model 4: Model 3 + BMI
*Significant difference (p < 0.05)

Fig. 1  A suggested mechanism of the effect of FTO genotype on obesity
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Several mechanisms have been suggested for the effect 
of the FTO gene on resistance to eating, including its 
effect on satiety through the Central Nervous System 
(CNS) and the levels of ghrelin and leptin [38, 39]. It is 
believed that the risk allele of the FTO gene disrupts 
leptin signaling through CNS, thereby increasing the size 
of the meals [40, 41]. This process is probably through 
attenuating the satiety-enhancing effect of leptin in the 
hindbrain or modulating mesolimbic dopamine signals 
[42]. Moreover, it has been shown that the rs9939609 
polymorphism of the FTO gene can alter the responsive-
ness of CNS to cerebral ghrelin levels, possibly through 
mRNA expression and methylation. Such a process is a 
potential mediating pathway between the risk alleles of 
the FTO gene and obesity [17, 43].

Individuals with the rs9939609 polymorphism of the 
FTO are markedly different from others in neural respon-
siveness to food cues in cerebral regions responsible for 
energy homeostasis control, reward, and incentive moti-
vation [44]. Allelic variations in the FTO gene may lead to 
persistent postprandial cerebral activation by visual cues 
of calorie-dense foods in the extended satiety network 
previously shown to mediate appetite, which in turn 
leads to increased ad libitum caloric intake [45]. Thus, 
those with the risk allele of the FTO gene have impaired 
satiety responsiveness and overconsumption. Also, Bene-
dict et al. performed an analysis of the cross-sectional 
data from the Prospective Investigation of the Vascu-
lature in Uppsala Seniors, reporting that some alleles of 
FTO may cause obesity by shifting the endocrine balance 
from leptin, the satiety hormone, to ghrelin, the hunger-
promoting hormone [46]. Furthermore, another study 
reported that men with the risk alleles of the FTO gene 
had less feelings of fullness and higher levels of hunger, 
food cravings, appetite, and prospective food consump-
tion [47].

The present study had some limitations as well. We 
conducted a cross-sectional study. Thus, the estima-
tion of the causal relationship could not be identified. 
Moreover, several socioeconomic and cultural factors 
are involved in resistance to eating, while we only used a 
small sample size from two schools in Tehran. Therefore, 
the results of the present study cannot be generalized to 
other populations. Also, the present study investigated 
the rs9930506 polymorphism of the FTO gene. How-
ever, most other studies mentioned in the discussion sec-
tion evaluated the rs9939609 polymorphism of the FTO 
gene. Thus, these results might not be quite comparable. 
On the other hand, some previous studies had used self-
reported questionnaires, which increased the chance of 
bias. Finally, cross-sectional studies simultaneously eval-
uate the exposure and outcome, which gives no evidence 
of a temporal relationship between them.

Conclusion
According to our results, the FTO genotype had a sig-
nificant effect on resistance to eating and food desires. 
Moreover, there was a significant reverse relationship 
between the FTO rs9930506 genotype and resistance to 
eating. Thus, those with the FTO rs9930506 polymor-
phism may be at a higher risk for obesity. However, there 
is a need for further longitudinal studies to confirm our 
findings. Also, it is recommended to conduct further 
studies evaluating the relationship between FT genotype 
and intake of different micronutrients and macronutri-
ents, as well as the underlying mechanisms of the effects 
of the FTO gene on appetite and obesity.

Acknowledgements
We would like to thank all the participants for their kind cooperation. The 
present paper is based on an approved research project performed at the 
Shahid Beheshti University of Medical Sciences, Tehran, Iran.

Authors’ contributions
All authors cooperated in the study design, data collection, data analysis, and 
writing the manuscript draft.

Funding
Funding for this study was provided by National Nutrition and Food 
Technology Research Institute, Faculty of Nutrition Sciences and Food 
Technology, Shahid Beheshti University of Medical Sciences, Tehran, Iran 
(43006550).

Data Availability
The de-identified datasets generated and/or analyzed during the present 
study are available from the corresponding author upon reasonable request 
and signing of a data-sharing agreement. The original contributions presented 
in the study are included in the paper. Further inquiries can be directed to the 
corresponding author.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate
The present study was approved by the Ethics Committee of Shahid Beheshti 
University of Medical Sciences with the ethics code of IR.SBMU.NNFTRI.
REC.1394.22. Moreover, all participants and their parents gave written 
informed consent. Also, the study was performed in accordance with the 
Declaration of Helsinki.

Consent for publication
Not applicable.

Received: 7 April 2023 / Accepted: 13 September 2023

References
1.	 Cominato L, Franco R, Damiani D. Adolescent obesity treatments: news, 

views, and evidence. Arch Endocrinol Metab. 2021;65(5):527–36.
2.	 Nicolucci A, Maffeis C. The adolescent with obesity: what perspectives for 

treatment? Ital J Pediatr. 2022;48(1):1–9.
3.	 Jebeile H, Kelly AS, O’Malley G, Baur LA. Obesity in children and adolescents: 

epidemiology, causes, assessment, and management. The lancet Diabetes & 
endocrinology; 2022.



Page 7 of 7Shaker et al. BMC Pediatrics          (2023) 23:486 

4.	 Safaei M, Sundararajan EA, Driss M, Boulila W, Shapi’i A. A systematic literature 
review on obesity: understanding the causes & consequences of obesity 
and reviewing various machine learning approaches used to predict obesity. 
Comput Biol Med. 2021;136:104754.

5.	 Organization WH. Obesity and overweight: World Health Organization; 
2021. Available from: https://www.who.int/news-room/fact-sheets/detail/
obesity-and-overweight#:~:text=Overweight%20and%20obesity%20are%20
defined%20as%20follows%20for%20children%20aged,the%20WHO%20
Growth%20Reference%20median.

6.	 Vettori A, Pompucci G, Paolini B, Del Ciondolo I, Bressan S, Dundar M, et al. 
Genetic background, nutrition and obesity: a review. Eur Rev Med Pharmacol 
Sci. 2019;23(4):1751–61.

7.	 Bhattacharya S, Saleem SM, Bera OP. Prevention of childhood obesity through 
appropriate food labeling. Clin Nutr ESPEN. 2022;47:418–21.

8.	 Loos RJF, Yeo GSH. The genetics of obesity: from discovery to biology. Nat Rev 
Genet. 2022;23(2):120–33.

9.	 Kalantari N, Keshavarz Mohammadi N, Izadi P, Doaei S, Gholamalizadeh M, 
Eini-Zinab H, et al. A haplotype of three SNPs in FTO had a strong association 
with body composition and BMI in iranian male adolescents. PLoS ONE. 
2018;13(4):e0195589.

10.	 Yılmaz B, Gezmen Karadağ M. The current review of adolescent obesity: the 
role of genetic factors. J Pediatr Endocrinol Metab. 2021;34(2):151–62.

11.	 Doaei S, Jarrahi SM, Moghadam AS, Akbari M, Kooshesh SJ, Badeli M, et al. The 
effect of rs9930506 FTO gene polymorphism on obesity risk: a meta-analysis. 
Biomol Concepts. 2019;10(1):237–42.

12.	 Deng X, Su R, Stanford S, Chen J. Critical enzymatic functions of FTO in obe-
sity and Cancer. Front Endocrinol (Lausanne). 2018;9:396.

13.	 Emond JA, Tovar A, Li Z, Lansigan RK, Gilbert-Diamond D. FTO genotype and 
weight status among preadolescents: assessing the mediating effects of 
obesogenic appetitive traits. Appetite. 2017;117:321–9.

14.	 Rivas AMO, Santos JL, Valladares MA, Cameron J, Goldfield G. Association of 
the FTO fat mass and obesity–associated gene rs9939609 polymorphism 
with rewarding value of food and eating behavior in chilean children. Nutri-
tion. 2018;54:105–10.

15.	 Ponce-Gonzalez JG, Martínez-Ávila Á, Velázquez-Díaz D, Perez-Bey A, 
Gómez-Gallego F, Marín-Galindo A, et al. Impact of the FTO Gene Variation on 
Appetite and Fat Oxidation in Young adults. Nutrients. 2023;15(9):2037.

16.	 Qi Q, Kilpeläinen TO, Downer MK, Tanaka T, Smith CE, Sluijs I, et al. FTO genetic 
variants, dietary intake and body mass index: insights from 177 330 individu-
als. Hum Mol Genet. 2014;23(25):6961–72.

17.	 Huang T, Qi Q, Li Y, Hu FB, Bray GA, Sacks FM, et al. FTO genotype, dietary pro-
tein, and change in appetite: the preventing overweight using Novel Dietary 
Strategies trial. Am J Clin Nutr. 2014;99(5):1126–30.

18.	 Jenabi E, Khazaei S. Trends in obesity among iranian children and adoles-
cents: 2000–2016. J Tehran Univ Heart Cent. 2020;15(1):41.

19.	 Sullivan KM, Dean A, Soe MM. On academics: OpenEpi: a web-based 
epidemiologic and statistical calculator for public health. Public Health Rep. 
2009;124(3):471–4.

20.	 Mirmiran P, Azadbakht L, Azizi F. Dietary behaviour of Tehranian adoles-
cents does not accord with their nutritional knowledge. Public Health Nutr. 
2007;10(9):897–901.

21.	 Navidian A. Reliability and validity of the weight efficacy lifestyle question-
naire in overweight and obese individuals. Int J Behav Sci. 2009;3(3):217–22.

22.	 Esfahani FH, Asghari G, Mirmiran P, Azizi F. Reproducibility and relative validity 
of food group intake in a food frequency questionnaire developed for the 
Tehran lipid and glucose study. J Epidemiol. 2010;20(2):150–8.

23.	 Moghaddam MB, Aghdam FB, Jafarabadi MA, Allahverdipour H, Nikookheslat 
SD, Safarpour S. The iranian version of International Physical Activity 
Questionnaire (IPAQ) in Iran: content and construct validity, factor structure, 
internal consistency and stability. World Appl Sci J. 2012;18(8):1073–80.

24.	 Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR Jr, Tudor-Locke 
C et al. 2011 Compendium of Physical Activities: a second update of codes 
and MET values. 2011;43(8):1575–81.

25.	 Stojanović D, Branković N, Momčilović V, Kocić J, Savić Z, Momčilović Z, et 
al. Comparative analysis of different methods for body fat assessment in 
adolescents. Acta Med Medianae. 2019;58(3):153–8.

26.	 McCarthy H, Cole T, Fry T, Jebb S, Prentice A. Body fat reference curves for 
children. Int J Obes. 2006;30(4):598–602.

27.	 Soheilipour F, Pishgahroudsari M, Pazouki A. Overweight and obe-
sity prevalence in iranian children aged 8–12 years; a study in Tehran. 
2022;13(3):e120827.

28.	 St-Onge M-P, Keller KL, Heymsfield SB. Changes in childhood food consump-
tion patterns: a cause for concern in light of increasing body weights. Am J 
Clin Nutr. 2003;78(6):1068–73.

29.	 de Vet E, de Wit JBF, Luszczynska A, Stok FM, Gaspar T, Pratt M, et al. Access to 
excess: how do adolescents deal with unhealthy foods in their environment? 
Eur J Pub Health. 2013;23(5):752–6.

30.	 Almansour FD, Allafi AR, Al-Haifi AR. Impact of nutritional knowledge 
on dietary behaviors of students in Kuwait University. Acta Biomed. 
2020;91(4):e2020183.

31.	 Wang SJ, Wang TT, Wang JB. [Nutritional knowledge, attitudes and dietary 
behaviors of teachers and students in a medical college in Beijing and their 
influencing factors]. Beijing Da Xue Xue Bao Yi Xue Ban. 2020;52(5):881–5.

32.	 Hiel S, Bindels LB, Pachikian BD, Kalala G, Broers V, Zamariola G, et al. Effects of 
a diet based on inulin-rich vegetables on gut health and nutritional behavior 
in healthy humans. Am J Clin Nutr. 2019;109(6):1683–95.

33.	 Tan SY, Dhillon J, Mattes RD. A review of the effects of nuts on appe-
tite, food intake, metabolism, and body weight. Am J Clin Nutr. 
2014;100(suppl1):412S–22S.

34.	 Jiang Y, Mei H, Lin Q, Wang J, Liu S, Wang G, et al. Interaction effects of FTO 
rs9939609 polymorphism and lifestyle factors on obesity indices in early 
adolescence. Obes Res Clin Pract. 2019;13(4):352–7.

35.	 Wardle J, Carnell S, Haworth CM, Farooqi IS, O’Rahilly S, Plomin R. Obesity 
associated genetic variation in FTO is associated with diminished satiety. J 
Clin Endocrinol Metabolism. 2008;93(9):3640–3.

36.	 Wardle J, Llewellyn C, Sanderson S, Plomin R. The FTO gene and measured 
food intake in children. Int J Obes. 2009;33(1):42–5.

37.	 Ranzenhofer LM, Mayer LE, Davis HA, Mielke-Maday HK, McInerney H, Korn 
R, et al. The FTO gene and measured food intake in 5‐to 10‐year‐old children 
without obesity. Obesity. 2019;27(6):1023–9.

38.	 Melhorn SJ, Askren MK, Chung WK, Kratz M, Bosch TA, Tyagi V, et al. FTO 
genotype impacts food intake and corticolimbic activation. Am J Clin Nutr. 
2018;107(2):145–54.

39.	 Crovesy L, Rosado EL. Interaction between genes involved in energy intake 
regulation and diet in obesity. Nutrition. 2019;67:110547.

40.	 Kahler A, Geary N, Eckel LA, Campfield LA, Smith FJ, Langhans W. Chronic 
administration of OB protein decreases food intake by selectively reducing 
meal size in male rats. Am J Physiology-Regulatory Integr Comp Physiol. 
1998;275(1):R180–R5.

41.	 Magno F, Guaraná HC, Fonseca ACP, Cabello GMK, Carneiro JRI, Pedrosa AP, et 
al. Influence of FTO rs9939609 polymorphism on appetite, ghrelin, leptin, IL6, 
TNFα levels, and food intake of women with morbid obesity. Diabetes Metab 
Syndr Obes. 2018;11:199–207.

42.	 Leinninger GM, Jo Y-H, Leshan RL, Louis GW, Yang H, Barrera JG, et al. Leptin 
acts via leptin receptor-expressing lateral hypothalamic neurons to modulate 
the mesolimbic dopamine system and suppress feeding. Cell Metabol. 
2009;10(2):89–98.

43.	 Karra E, O’Daly OG, Choudhury AI, Yousseif A, Millership S, Neary MT, et al. A 
link between FTO, ghrelin, and impaired brain food-cue responsivity. J Clin 
Invest. 2013;123(8):3539–51.

44.	 Shin AC, Zheng H, Berthoud H-R. An expanded view of energy homeostasis: 
neural integration of metabolic, cognitive, and emotional drives to eat. 
Physiol Behav. 2009;97(5):572–80.

45.	 Mehta S, Melhorn SJ, Smeraglio A, Tyagi V, Grabowski T, Schwartz MW, et 
al. Regional brain response to visual food cues is a marker of satiety that 
predicts food choice. Am J Clin Nutr. 2012;96(5):989–99.

46.	 Benedict C, Axelsson T, Söderberg S, Larsson A, Ingelsson E, Lind L, et al. Fat 
mass and obesity-associated gene (FTO) is linked to higher plasma levels of 
the hunger hormone ghrelin and lower serum levels of the satiety hormone 
leptin in older adults. Diabetes. 2014;63(11):3955–9.

47.	 Merritt DC, Jamnik J, El-Sohemy A. FTO genotype, dietary protein intake, and 
body weight in a multiethnic population of young adults: a cross-sectional 
study. Genes Nutr. 2018;13:4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight#:~
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight#:~

	﻿Role of rs9939506 polymorphism of FTO gene in resistance to eating in male adolescents
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and participants
	﻿Resistance to eating
	﻿Dietary intake
	﻿Physical activity assessment
	﻿Anthropometric indices
	﻿FTO genotyping
	﻿Statistical analysis

	﻿Results
	﻿Relationship between resistance to eating and socio-demographic factors
	﻿Relationship between resistance to eating and dietary intake
	﻿Relationship between resistance to eating and FTO genotype

	﻿﻿Discussion
	﻿Conclusion
	﻿References


