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Abstract 

The FTO gene rs9939609 has been positively associated with obesity in humans, but its role in dietary 
intake is still unclear. The aim of this study was to investigate the relationship between nutritional 
status and dietary intake in adults and the role of the FTO gene polymorphism in this context. In a 
group of 112 adults (74% women, mean age 40.1 ± 13.24 years), body composition was analysed using 
the bioimpedance method and body weight status was assessed using BMI criteria. Diet was assessed 
by three-day food records and a food frequency questionnaire. The polymorphisms of the FTO 
rs9939609: AA, AT, and TT were analysed by fast real-time PCR in DNA isolated from buccal swabs. 
The data were statistically analyzed by using analysis of variance, non-parametric tests, and 
multivariate analyses (principal component analysis, correspondence analysis). The frequency of the 
mutant A allele in the study group was 0.46. The frequency analysis of individual genotypes (TT=0.26; 
AT=0.56; AA=0.18) revealed that the genotype distribution in the study group was consistent with 
the Hardy-Weinberg law. The rs9939609 FTO gene polymorphism was associated with frequency of 
excessive body weight. There was no difference in the values obtained from anthropometric 
measurements and body composition analysis in the group. The results showed that the studied 
polymorphism FTO gene explained only 7.82% of the variability in features characterising the 
nutritional status. The analysis of obesity prevalence within families revealed a significant impact 
from relatives on the female line. 
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1. Introduction 

The prevalence of obesity represents a significant public health challenge on a global scale [1]. 
Since 1980, the global prevalence of obesity has increased by more than twofold. In 2024, the World 
Obesity Federation posited that over the course of the following 11 years, 54% of the global 
population, or approximately 3.3 billion individuals, will be classified as overweight or obese [2]. 
Furthermore, it has been estimated that globally the adverse effects of overweight and obesity result 
in a greater number of deaths than the consequences of undernutrition [3]. There is a strong 
association between obesity and a range of adverse health outcomes, including an increased risk of 
cardiovascular disease, hypertension, type 2 diabetes, cancer, and obstructive sleep apnoea [4–7]. 
Additionally, the financial burden of treating obesity and its associated complications represents a 
significant challenge for healthcare budgets globally [8].  

The most prevalent form of obesity is polygenic obesity, which has a complex aetiology [9]. 
Although a positive energy balance is the direct cause of obesity, the unsatisfactory effectiveness of 
a low-energy diet in treating excessive body mass has led to the search for other causes of its 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 September 2025 doi:10.20944/preprints202509.1493.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.1493.v1
http://creativecommons.org/licenses/by/4.0/


 2 of 16 

 

development. The occurrence of obesity is influenced by a number of factors, including genetic 
predisposition, environmental factors and the interaction between genotype and the environment 
[10]. Although, environmental factors, such as incorrect eating habits and insufficient physical 
activity play crucial role in excess weight gain, the family and twin studies showed that around 40-
70% of the obesity variation in human are resulted from genetic factors [11]. Among the several dozen 
known genes whose influence on body weight has been examined, there is the FTO (FaT mass and 
Obesity-associated) gene [12]. Variants in the FTO gene, encoded on chromosome 16, have been 
identified as a significant genetic factor influencing obesity and related metabolic disorders [13–16].   

Although the FTO deficient mice fed on either normal or high fat diet had comparable fat mass 
as the wild type controls [17], numerous studies have demonstrated that overexpression of FTO plays 
a vital role in adipogenesis [18–20]. Furthermore, single nucleotide polymorphisms of FTO have been 
linked to food intake, although the underlying mechanisms remain unclear and the research findings 
are inconclusive. Adult individuals with the FTO A allele of rs9939609 polymorphism had a higher 
intake of total fat, saturated fatty acids, monounsaturated fatty acids, and a lower intake of 
carbohydrate compared with TT homozygous, however the total energy intake did not differ between 
AA and TT groups [21]. Rahimlou et al [22] reported no significant correlation between FTO 
rs9939609 (A/T) polymorphism and fatty food and sweet preferences among obese and non-obese 
adults. However, a higher intake of added sugar was observed in a group of young adults with the 
TA/AA genotype vs TT [23]. The FTO A allele (AA and AT vs. TT) was found to have a significant 
correlation with the frequency of consumption of sweet drinks among children aged 10-12. 
Conversely, no significant relationship was observed for the frequency of snacks, fast food 
consumption or an appetite [24]. In the study among 652 adolescents no association was found 
between FTO rs9939609 and energy and macronutrient intake. However, in adolescents whose fat 
intake was above 30% of energy, the rs9939609 polymorphism was associated with a higher body fat 
[25]. Adolescent girls with the A allele were more likely to consume more fried food and have a lower 
intake of fruit compared to those with the TT genotype [26]. The observed inconsistencies highlight 
the necessity for further investigation into the relationship between the FTO gene and food intake, as 
well as the potential modifying factors. 

The present study had four objectives: 1. to ascertain the prevalence of FTO rs9939609 gene 
polymorphisms: AA, AT, and TT; 2. to assess the nutritional status of individuals with different FTO 
genotypes; 3. to analyse the dietary intake of these individuals; 4. to determine the relationship 
between FTO genotype and dietary habits among individuals. The results will provide information 
on the potential scale of obesity associated with the rs9939609 polymorphism of the FTO gene, based 
on its relationship with dietary intake and nutritional status, as well as the frequency of its occurrence 
in the studied cohort of individuals with normal and excessive body weight. Understanding how 
dietary intake and nutritional status interact with the FTO genotype can provide insights into 
personalized nutrition and effective dietary interventions for those genetically predisposed to 
obesity. 

2. Materials and Methods 

2.1. Study Design and Ethical Approval 

The study protocol was approved by the Ethics Committee of the Institute of Food and Nutrition, 
Warsaw, Poland, in accordance with ethical principles (the ethical approval dated 07/01/2015). The 
study was conducted in accordance with the ethical principles set forth in the Declaration of Helsinki, 
and all participants provided informed consent. Each participant was provided with a 
comprehensive description of the study and any questions or concerns were addressed. Participants 
were informed that they could withdraw from the study at any stage without providing a reason. To 
ensure participant retention, the researcher maintained direct contact with the participants 
throughout the study period. The main study was preceded by a pilot study, which allowed for the 
selection of appropriate tools and the assessment of the correctness of the performed genetic analyses. 
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It included a number of components: analyses, measurements and tests, necessary to solve the 
research problem. They are listed in Figure 1. 

 
Figure 1. Study design based on “The PRISMA 2020 statement” [27]. 

2.2. Selection of Participants 

The sample for the study was selected purposefully, with consideration of the inclusion and 
exclusion criteria. Recruitment for the study was conducted using the snowball method via social 
networking sites. Furthermore, collaboration was established with medical facilities to reach more 
potential participants. The following inclusion criteria were adopted for the study: a body mass index 
of at least 18.5 kg/m2; an age between 18 and 65; a usual/typical eating habits/diet; and consent to 
participate in the study. The exclusion criteria were as follows: previous surgical or pharmacological 
treatment of obesity; adherence to a diet that affects the usual way of eating; diagnosed eating 
disorders (anorexia nervosa, compulsive overeating disorder, bulimia); diagnosed epilepsy; having 
a pacemaker; diagnosed hormonal disorders (diseases of the thyroid gland, adrenal glands, gonads); 
pregnancy; age: under 18 or over 65; inability to consciously consent to participate in the study. 

2.4. Nutritional Status 
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The anthropometric measurements, namely body weight, height, and waist circumference, were 
taken in accordance with the applicable, standard procedure [28]. Based on anthropometric data, 
body mass index (BMI = weight (kg)/(height (m))2) [29], waist-to-hip ratio (WHR = waist 
circumference (cm)/hip circumference (cm)) [30], and waist-to-height ratio (WHtR = waist 
circumference (cm)/height (cm)) were calculated [31]. Overweight was defined as BMI between 25.00 
and 29.99 kg/m2, while obesity was defined as BMI ≥ 30.00 kg/m2. Central obesity was defined as 
WHR > 0.8 [30] and/or WHtR ≥ 0.5 [32]. 

Body composition was analyzed with the bioelectrical impedance (BIA) method using the body 
composition analyser (Akern Srl). The measurement was conducted with the subject in a standing 
position, with the individual standing barefoot in his/her underwear, at least four hours after a meal 
and at least 12 hours after intense physical activity. Body composition was assessed in accordance 
with the guidelines contained in the Body Composition Procedures Manual [28]. 

2.5. Dietary Intake 

The energy and nutrients intake were assessed using the standard three-day food record 
method. Prior to the completion of the food record, the participants were provided with instructions 
on how to accurately complete the questionnaire and were furnished with an exemplar of a 
completed form to illustrate the task. The mean energy and nutrients intake for each individual was 
calculated using a dedicated computer application, “DIETA 6®” (Poland), with the Polish nutrient 
database for food products and dishes [33]. To assess the consumption frequency of selected food 
products and eating habits, the Polish-validated Food Frequency Questionnaire (FFQ-6) was used. 
The questionnaire covers 62 different food products. Participants were required to select one of the 
six categories, indicating the frequency of food consumption over the past 12 months: (1) never or 
almost never, (2) once a month or less, (3) several times a month, (4) several times a week, (5) daily, 
(6) several times a day. Additionally, the questionnaire comprised socio-demographic inquiries 
essential for characterising the group [34]. 

2.6. Genotyping 

The collection of biological material for testing and all determinations were performed at the 
Nutrigenomics Laboratory, Department of Gastronomic Technology and Food Hygiene, Faculty of 
Human Nutrition and Consumer Sciences, Warsaw University of Life Sciences. The samples for 
testing, which consisted of a cheek swab, were collected during the first meeting with the subjects, 
planned as part of the study. Preparation for sampling of individuals participating in the study 
included a ban on: eating meals for at least one hour before taking the swab, drinking fluids (except 
clean water) and brushing teeth. Before taking the swab, individuals were asked to remove foreign 
bodies from their oral cavity, e.g. chewing gum, lollipops, sweets, etc. Two swabs were taken from 
one individual. The samples were frozen until further tests. DNA isolation from oral epithelium was 
performed using the ReliaPrep gDNA Tissue Miniprep System isolation kit (Promega) according to 
the manufacturer's protocol. DNA concentration was assessed using a UV-Vis NanoDrop 2000 
spectrophotometer (Thermo SCIENTIFIC) for the analysis of DNA, RNA and proteins in 
microvolume. UV light absorbance measurements were performed by isolated materials in 2 µL 
samples. In all isolated samples, the concentration was sufficient for further analysis. By measuring 
the DNA concentration at a wavelength of 260 and 280 nm, the purity of the isolated material was 
determined. The ratio of the A260 to A280 absorption values indicates protein contamination of the 
preparations. In most samples, the value of this coefficient was between 1.8-2.0, which meant that the 
isolated preparations were sufficiently purified. The analysis of the rs9939609 polymorphism of the 
FTO gene in DNA isolated from the oral epithelium of the studied persons was performed in 2 assays, 
using the discrimination method (Fast Real-Time PCR). Real-time polymerase chain reaction (PCR) 
was performed using TaqMan Genotyping Master Mix (Applied Biosystems), using the LightCycler 
96 real-time PCR thermal cycler (Roche) and LightCycler® 96 SW 1.1 software. The determination of 
single nucleotide polymorphism (SNP) was performed using fluorescently labeled probes for 
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detection of the rs9939609 polymorphism in the FTO gene TaqMan SNP Genotyping Assay (Applied 
Biosystems). All analyses were performed according to the manufacturers' procedures and 
recommendations. The reaction was performed in 96-well plates in a volume of 25 µL, the mixture 
contained 1.25 µL of DNA material, 12.5 µL of TaqMan Genotyping Master Mix (Applied 
Biosystems), 1.25 µL of TaqMan SNP Genotyping Assay (applied Biosystems) and 10 µL of DNase-
free water. The following reaction thermal profile was used: pre-denaturation (preincubation) 95°C 
for 10 min; amplification of 45 cycles of the following: denaturation 92°C for 15 s and 
annealing/extension 60°C for 60 s, then melting 95°C for 20 s, 40°C for 30 s, 85°C for 1 s and cooling 
40°C for 30 s. To control contamination, negative samples containing water instead of DNA material 
were introduced on each reaction plate. 100% correct reactions were recorded. Some of the tested 
samples were applied in duplicate to assess the correctness and repeatability of the readings.  

2.7. Statistical Analyses 

A statistical analysis of the relationship between genotypes and the values of traits related to 
diet, nutritional status, socioeconomic factors, lifestyle, overweight and obesity in the family in the 
study group was performed. One-way ANOVA analysis of variance was used to analyse the 
relationship between the FTO rs9939609 genotype and the mean values of the studied traits from 
bioimpedance body composition measurements and anthropometric measurements, because the 
initial analysis did not show a significant effect of gender. Analyses of the frequency of consumption 
were performed using the Kruskal-Wallis ANOVA rank test. Before the calculations, the answers 
obtained in the questionnaire of the frequency of consumption were grouped. Quantitative analyses 
regarding the assessment of the diet and nutritional status were performed after prior 
standardization of the results, in order to eliminate the influence of gender and different intakes, in 
the case of the analysis of the diet. In the statistical analysis of the results, the following were used, 
respectively: the F ANOVA test for the normal distribution of features or the Kruskal-Wallis test for 
the distribution without normality, after previously checking the normality of the distribution of 
features with the Shapiro-Wilk test. Additionally, for nominal data, such as the interpretation of BMI 
and WHR, the chi-square test was performed. Additionally, in order to analyse the general variability 
of the entire set of examined persons and features, a multivariate analysis of variability using the 
Principal Components method (PCA) was used. Correspondence analysis was used to search for 
features differentiating the studied genetic groups. Statistical significance was assumed for the value 
of p ≤ 0.05. All results were processed using the Statistica ver.13 statistical package (TIBCO Software 
Inc. 2017. Statistica data analysis software system, version 13. http://statistica.io.).  

3. Results 

The study involved 112 adults aged between 18 and 65 years (mean age 40.1 ± 13.24 years, mean 
BMI 30.1± 7.36 kg/m2), 74% of whom were female. The study participants did not exhibit a significant 
disparity in terms of age and BMI (p = 0.34 and 0.66, respectively). 3.1. Genotype Characteristics 

The allele and genotype frequencies in the study population were determined by counting 
genotypes. All 3 genotypes associated with the rs9939609 polymorphism in the FTO gene were 
present in the study group. The percentage of individuals with the AA genotype (homozygotes with 
polymorphism) was the lowest, slightly more participants were characterized by the TT genotype 
(homozygotes without polymorphism). The largest group was represented by people with the TA 
genotype (heterozygotes), which constituted more than half of the study group. The exact values are 
presented in Table 1. The A allele occurred in almost 46% of the study group (45.99%), while the T 
allele in 54%.  

Table 1. Number of people (n = 112) with individual genotypes, divided by gender, and percentage share of 
individual genotypes in the study group. 

Percentage of Men (n) Women (n) Number of people (n) Genotype 
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genotypes  
25.9 8 21 29 Homozygous TT 
56.2 17 46 63 Heterozygous TA 
17.9 4 16 20 Homozygous AA 
100.0 29 83 112 Total 

3.2. Genotype and Nutritional Status 

In the study group, a relationship was demonstrated between the occurrence of the rs9939609 
polymorphism in the FTO gene and the BMI value (Pα ≤ 0.05; Table 2), which is an indicator of the 
nutritional status in adults. Individuals with the A allele in their genotype showed significantly more 
excess body weight in their phenotype. The A allele significantly increased the incidence of 
overweight and obesity, with obesity occurring 27% more often in the group of individuals with the 
homozygous AA genotype compared to the group with the homozygous TT genotype. 

Table 2. The relationship between genotype and nutritional status (χ2 = 9.75; Pα ≤ 0.05) in the study group. 

Percentage of 
individuals with 

excess body weight 

Number of 
people with 

obesity 

Number of 
overweight 

people 

Number of people 
with normal body 

weight 
Genotype 

58.6 10 7 12 Homozygous TT 
76.2 28 20 15 Heterozygous TA 
85.0 11 6 3 Homozygous AA 
73.2 49 33 30 Total 

The values of anthropometric measurements and the results of body composition analysis by 
genotype are presented in Table 3. The mean values of anthropometric and body composition 
measurements across genotypes exhibited a tendency towards association with the FTO genotype. 
However, no significant differences were identified between the means for individual genotypes, 
which may have arisen from high variability within the groups. In the case of homozygotes with the 
A allele, i.e. those at risk of obesity, height and weight indicated a higher BMI compared to the other 
groups. Waist and hip circumferences were also found to be elevated. The analysis of body 
composition measurements indicates that individuals who carry the risk allele exhibit elevated levels 
of fat mass and cellular mass, while concurrently demonstrating a reduced percentage of muscle mass 
and total water. 

Table 3. The mean values of the anthropometric measurements and body composition of the individual 
genotypes. 

Parameter 
Genotype TT 

Mean ± SD  
Genotype TA 

Mean ± SD  
Genotype AA 

Mean ± SD  
r variance 
analysis p 

Height [cm] 
Body weight [kg] 

Hip circumference [cm] 
Waist circumference [cm] 

WHR [cm/cm] 
WHtR [cm/cm] 

Body cell mass index 
Fat mass [%] 
Fat mass [kg] 

Fat free mass [%] 
Fat free mass [kg] 
Cellular mass [%] 
Cellular mass [kg] 

172.5 ± 8.48 
75.3 ± 20.75 
98.0 ± 14.65 
85.5 ± 17.08 
0.87 ± 0.11 
0.58 ± 0.09 
7.7 ± 3.25 
29.3 ± 9.57 
23.5 ± 13.9  

70.7 ± 11.06 
 51.7 ± 9.40 
44.7 ± 13.74 
 23.0 ± 9.40 

171.6 ±7.91 
84.2 ± 24.38 

104.7 ± 14.95 
90.6 ±19.65 
0.88 ± 0.12 
0.56 ± 0.11 
8.4 ± 2.69 

34.3 ± 10.04 
 31.0 ± 17.64 
65.2 ± 10.57 
 53.2 ± 7.43 
46.3 ± 10.94 
 24.7 ± 7.43 

170.5 ± 9.32 
98.8 ± 22.47 

116.0 ± 10.89 
104.0 ± 17.44 
0.88 ± 0.13 
0.55 ± 0.10 
9.5 ± 2.81 

38.1 ± 8.11 
 38.7 ± 11.98 
61.9 ± 14.63 
 60.0 ± 8.21 
46.6 ± 12.51 
 28.0 ± 8.21 

NS* 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
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Muscle mass [%] 
Muscle mass [kg] 

Total body water [%] 
Total body water [Lt.] 

Extracellular water [%] 
Extracellular water [Lt.] 
Intracellular water [%] 
Intracellular water [Lt.] 

39.8 ± 11.02 
28.7 ± 10.75 
51.7 ± 6.58 
37.8 ± 7.94 
45.7 ± 5.09 
17.2 ± 3.37 
54.3 ± 5.09 
20.6 ± 5.60 

38.3 ± 10.75 
30.8 ± 8.52 
47.9 ±7.26 
39.0 ± 8.03 
45.2 ± 4.14 
17.5 ± 3.84 
54.2 ± 4.56 
21.5 ± 4.90 

36.1 ± 12.11 
34.7 ± 9.58 
45.3 ± 5.80 
43.9 ± 10.54 
45.2 ±4.11 
19.8 ± 4.67 
54.8 ± 4.11 
24.1 ± 6.32 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

* non-significant. 

The application of principal component analysis demonstrated that the studied polymorphism 
in the FTO gene explained a mere 7.82% of the overall variability of traits characterising nutritional 
status. 

The study revealed a relationship between extracellular water content (in Liters) and the 
presence of the rs9939609 polymorphism in the FTO gene, both in men and women (Figure 1). The A 
allele was found to be associated with higher extracellular water content in AA homozygotes, with a 
simultaneous significant difference observed between men and women. No such effects were 
observed for the remaining characteristics. 

Femp. = 3,20, p=0,05

 sex - Women
 sex - Men

TT AT AA

Genotype

10

12

14

16

18

20

22

24

26

28

30

E
C

W
 (L

t)

a

ab
b

c
c

d

 

Figure 1. The relationship between the extracellular water content (ECW in litres) and the genotype (1-TT 
genotype, 2-TA genotype, 3-AA genotype) is divided by gender (1-women, 2-men). 

Table 4 presents the prevalence of excess body weight among relatives of the study participants. 
The prevalence of excess body weight was reported most frequently among respondents' parents, 
siblings, and mothers' siblings. A heightened prevalence of obesity was observed in these relatives, 
with this phenomenon being primarily evident among individuals who were AT heterozygotes. A 
tendency towards increased reporting of excess body weight in the female line was observed. The 
analysis of the data using Spearman's rank order correlation revealed a slight (r = 0.24 - 0.27; p < 0.05) 
but significant association between excess body weight in siblings and mothers of the study 
participants and the risk genotype. 
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Table 4. The occurrence of excess body weight in relatives of the study participants (percentage of the total 
group). 

Degree of kinship Genotype of the studied individual 
AA TA & TT 

Individual  18.06 61.11 
Mother 8.33 38.89 
Father 9.72 33.33 

Brothers 1.39 27.77 
Sisters 11.11 34.73 
Sons 2.78 13.89 

Daughters 2.78 16.66 
Grandchildren 0.00 2.78 

Father's brothers 2.78 9.72 
Father's sisters 4.17 30.55 
Father's father 1.39 1.39 

Father's mother 4.17 12.50 
Mother's brothers 2.78 15.28 
Mother's sisters 0.00 19.45 
Mother's father 1.39 5.56 

Mother's mother 4.17 20.84 

3.2. Genotype and Dietary Charactetistics 

Dietary analysis, encompassing energy and nutrient intake, failed to substantiate the association 
between the FTO gene polymorphism and dietary patterns. There was no statistically significant 
relationship identified between energy and nutrients intake and the rs9939609 polymorphism in the 
FTO gene (detailed data available in Table S1 and Table S2 in the Supplementary Materials). 

The results of the Kruskal-Wallis ANOVA test indicated the presence of relationships between 
genotype and frequency of consumptions food products and food groups (Table 5). Homozygous 
carriers of the risk allele A exhibited a statistically significant reduction in the consumption of refined 
small-grained groats; tropical fruits (other than kiwi and citrus fruits); lean fish; and yellow-orange 
vegetables. A tendency among these subjects to consume biscuits and cakes with greater frequency, 
while vegetables such as cucumber less frequently was noted. Individuals with the A allele tend to 
consume products such as ice cream and pudding, ready-made breakfast cereals, berries, and 
avocado with lower frequency compared to others. 

Table 5. The frequency of consumption of selected food groups in individual genotypes (mean; standard 
deviation, SD; median, Me). 

Food product / group 

Genotype TT 
 

Genotype TA 
 

Genotype AA 
 

The 
Kruskal-

Wallis 
ANOVA 

p 
Mean SD Me Mean SD Me Mean SD Me 

Sugar for sweetening drinks 
Honey 

Chocolates, chocolate candies and 
bars 

Non-chocolate candies 
Biscuits and biscuits 

Ice cream and pudding 
Salty snacks 

Milk and natural milk drinks 

2.4 
2.6 
3.3 
2.4 
2.7 
2.5 
2.6 
3.9 
2.5 

1.83 
1.16 
1.03 
0.82 
0.80 
0.77 
1.08 
1.20 
1.23 

1.0 
2.0 
3.0 
2.0 
3.0 
2.0 
3.0 
4.0 
2.0 

2.6 
2.6 
3.3 
2.5 
3.1 
2.4 
2.7 
4.1 
2.5 

1.86 
1.36 
0.87 
1.05 
0.93 
0.80 
1.01 
1.34 
1.19 

1.5 
2.0 
3.0 
3.0 
3.0 
2.0 
3.0 
5.0 
3.0 

2.8 
2.5 
3.3 
2.1 
2.9 
2.0 
2.4 
3.9 
1.9 

1.87 
1.31 
0.87 
0.94 
0.91 
0.94 
0.96 
1.05 
0.99 

2.0 
3.0 
3.0 
2.0 
3.0 
2.0 
2.0 
4.0 
2.0 

NS* 
NS 
NS 
NS 

0.088 
0.068 
NS 
NS 
NS 
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Sweetened milk drinks 
Natural cottage cheese 

Flavoured cottage cheese 
Cheese 

Eggs and egg dishes 
Wholemeal bread or bread with 

grains 
Refined bread 

Coarse-grained groats, unrefined 
Fine-grained refined groats 

Ready-made breakfast cereal 
products 

Oil, all types 
Butter 

Margarine, all types 
Cream, all types 

Other animal fats 
Mayonnaise and dressings 

Fruits, all kinds 
Kiwi and citrus 

Tropical fruits other 
Berries 

Bananas 
Apples and pears 

Avocado 
Olives 

Dried fruit 
Sweet fruit preparations and 

candied fruit 
Vegetables, all types 

Cruciferous vegetables 
Yellow-orange vegetables 

Leafy green vegetables 
Tomatoes 

Vegetables like cucumber 
Root and other vegetables 
Fresh and canned legumes 

Dry legumes 
Potatoes 

Nuts 
Grain 

Sausage 
High-quality cold cuts 

Organ meat and sausage 
Red meat 

Poultry and rabbit meat 
Game meat 

Lean fish 
Oily fish 

Fruit juices and fruit nectars 
Vegetable and vegetable and fruit 

juices 
Energy drinks 

3.3 
2.0 
3.4 
3.8 
4.6 
3.0 
2.8 
2.9 
1.9 
4.0 
4.2 
2.8 
3.3 
1.7 
2.6 
4.7 
3.7 
3.0 
3.2 
3.6 
3.9 
2.3 
2.3 
2.2 
2.1 
4.7 
3.6 
3.8 
3.8 
4.0 
3.7 
3.8 
2.6 
2.6 
3.6 
3.0 
3.1 
3.2 
4.0 
2.0 
2.6 
3.4 
1.2 
2.8 
3.1 
2.9 
2.8 
2.1 
2.2 
2.7 
2.6 
2.0 

0.89 
0.93 
1.04 
0.82 
0.91 
1.12 
0.76 
0.78 
0.81 
1.06 
0.82 
1.47 
0.90 
0.79 
1.04 
1.07 
0.89 
0.98 
0.99 
0.82 
1.04 
0.84 
1.14 
0.75 
0.93 
1.21 
1.00 
0.97 
0.96 
1.02 
0.63 
0.60 
0.76 
0.87 
0.65 
1.06 
1.08 
0.94 
1.10 
0.68 
0.65 
0.86 
0.50 
0.60 
0.91 
0.76 
0.97 
1.04 
0.96 
0.98 
1.08 
0.73 

3.0 
2.0 
3.0 
4.0 
5.0 
3.0 
3.0 
3.0 
2.0 
4.0 
4.0 
3.0 
4.0 
2.0 
3.0 
5.0 
4.0 
3.0 
3.0 
4.0 
4.0 
2.0 
3.0 
2.0 
2.0 
5.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
3.0 
2.0 
4.0 
3.0 
3.0 
3.0 
4.0 
2.0 
2.0 
4.0 
1.0 
3.0 
3.0 
3.0 
3.0 
2.0 
2.0 
3.0 
3.0 
2.0 

3.5 
2.0 
3.5 
3.8 
4.8 
3.6 
3.2 
3.2 
1.9 
4.2 
3.7 
3.1 
3.2 
1.7 
2.6 
4.7 
3.5 
2.9 
2.9 
3.5 
3.9 
1.8 
2.2 
2.3 
2.2 
4.9 
3.6 
4.0 
3.8 
4.1 
3.9 
3.8 
2.6 
2.2 
3.7 
2.8 
2.7 
3.1 
4.0 
2.0 
2.5 
3.6 
1.2 
2.9 
2.9 
2.7 
2.5 
1.8 
1.9 
2.3 
2.6 
1.8 

0.80 
0.94 
0.96 
0.86 
0.98 
1.22 
0.82 
0.83 
0.96 
0.89 
1.15 
1.44 
0.94 
0.87 
0.95 
0.91 
0.84 
0.86 
0.76 
0.88 
0.85 
0.93 
0.86 
0.90 
0.90 
0.88 
0.82 
0.78 
0.89 
0.98 
0.75 
0.79 
0.68 
0.82 
0.78 
1.05 
1.17 
0.96 
1.11 
0.79 
0.90 
0.73 
0.41 
0.76 
1.09 
0.94 
0.96 
1.15 
0.91 
1.01 
1.14 
0.73 

4.0 
2.0 
4.0 
4.0 
5.0 
4.0 
3.0 
3.0 
2.0 
4.0 
4.0 
3.0 
3.0 
2.0 
3.0 
5.0 
4.0 
3.0 
3.0 
4.0 
4.0 
2.0 
2.0 
2.0 
2.0 
5.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
3.0 
2.0 
4.0 
3.0 
3.0 
3.0 
4.0 
2.0 
2.5 
4.0 
1.0 
3.0 
3.0 
3.0 
3.0 
1.0 
2.0 
2.0 
3.0 
2.0 

3.6 
1.8 
3.5 
3.6 
4.7 
3.0 
3.1 
2.7 
1.4 
3.7 
3.8 
2.3 
3.1 
1.5 
2.6 
4.3 
3.5 
2.3 
2.6 
3.4 
4.2 
1.8 
2.1 
2.3 
2.2 
4.5 
3.4 
3.5 
3.8 
3.9 
3.4 
3.6 
2.5 
2.1 
3.2 
2.6 
2.8 
2.8 
3.8 
1.7 
2.7 
3.6 
1.1 
2.4 
2.5 
2.7 
2.6 
1.8 
1.7 
2.2 
2.3 
1.8 

0.68 
0.98 
0.77 
0.83 
0.73 
1.37 
0.99 
0.82 
0.51 
1.16 
1.36 
1.45 
1.20 
0.51 
1.16 
1.00 
0.84 
1.11 
0.96 
0.90 
0.76 
0.92 
0.97 
0.93 
0.83 
0.96 
0.76 
0.90 
0.63 
0.94 
1.01 
0.68 
0.77 
0.81 
0.92 
1.22 
1.27 
1.03 
1.07 
0.87 
0.82 
0.96 
0.32 
0.76 
0.96 
1.24 
1.12 
1.27 
0.75 
1.18 
1.15 
0.96 

4.0 
1.0 
3.0 
4.0 
5.0 
3.0 
3.0 
3.0 
1.0 
4.0 
4.0 
2.0 
3.0 
2.0 
2.0 
4.0 
3.0 
2.0 
2.0 
3.0 
4.0 
2.0 
2.0 
2.0 
2.0 
4.0 
3.0 
4.0 
4.0 
4.0 
4.0 
4.0 
3.0 
2.0 
3.0 
2.0 
3.0 
3.0 
4.0 
2.0 
3.0 
4.0 
1.0 
2.0 
3.0 
3.0 
3.0 
1.0 
2.0 
2.0 
2.0 
2.0 

NS 
NS 
NS 
NS 
NS 
NS 
NS 

0.019 
0.087 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

0.047 
0.054 
NS 
NS 

0.074 
NS 
NS 
NS 
NS 
NS 

0.038 
NS 
NS 

0.098 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

0.052 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
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Sweetened drink 
Beer 

Wine and drinks 
Vodka and spirits 

* non-significant. 

The relationship between genotype and key determinants of healthy nutrition was analysed, 
including daily consumption of fruits and vegetables, whole-grains, dairy products, and 
consumption of oily fish at least once a week (Figure 2). There were differences between the TA and 
AA genotypes: the presence of the homozygous risk genotype corresponded with a lower frequency 
of consumption of high-nutrient foods. The results also revealed a different dietary pattern among 
carriers of the A allele (heterozygotes). These individuals reported higher consumption of fruits, 
vegetables, oily fish, whole-grain cereals, milk, and natural dairy products compared to AA genotype 
individuals. 

Dimension 1 x  2
13 x 13 (Tabl.Burta)

-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2

Dimension 1 (31.20%)

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

D
im

en
si

on
 2

 (1
7.

24
%

)

Genotype TT

Genotype TA
Genotype AA

Fruit_low

Fruit_high

Vegetables_lowVegetables_high

Whole grains_low

Whole grains_high

Milk_low

Milk_high

Fish_low

Fish_high

 

Figure 2. The correspondence analysis of genotypes and frequency of consumption of selected product groups 
(high – consumption at least once a day for fruit, vegetables, milk, whole grains or several times per month for 
fish; low – consumption less than once a day for fruit, vegetables, milk, whole grains or less than several times 
per month for fish). 

4. Discussion 

The rs9939609 polymorphism in the FTO gene was detected in the study group. The frequency 
of the mutant A allele was found to be 0.46. Analysis of the genotype distribution using the χ2 test 
(Chi2) showed that the study group was in genetic equilibrium according to the Hardy-Winberg law. 
There was no significant deviation between the actual and expected values (the χ2 statistic value was 
0.99 at p=0.05). Similar results were obtained by Livingstone et al. [35]. Based on the obtained results, 
it was estimated that the frequency of the A allele in the Polish population is the same as in other 
European countries [36]. In a study on the Turkish population [37], in a group of 200 participants in 
the same age range (18-65 years), the frequency of the rs9939609 AA genotype was 19.0%, 42.5% of 
the AT genotype and 38.5% of the TT genotype (wild type). In contrast to the study in question, in 
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this group the difference between the frequency of the FTO gene alleles in men and women was 
statistically significant. In men, the risk allele was less common - 34.5% of men and 46.0% of women 
had the A allele, while 65.5% of men and 54.0% of women had the T allele. The frequency of the A 
allele was slightly lower than in the study in question [37]. In a study conducted in a group of 300 
people from Italy, the frequency of the AA genotype was 0.20, the AT genotype 0.46, and the TT 
genotype 0.34 [38]. The frequency of the A risk allele in the European population according to 
HapMap is 0.45. It is therefore almost identical to that in the present study. There were no large 
intercontinental differences in the frequency of the rs9939609 polymorphism in the FTO gene. The 
results of studies in East Asian populations are comparable to those among people of European 
descent [39]. 

In the studied group of individuals, a relationship was demonstrated between the presence of 
the rs9939609 polymorphism in the FTO gene and body mass status. The results of the present study 
are consistent with the results of the study among over 38 thousand Europeans. Homozygous carriers 
of the allele A, constituting 16% of the studied population, exhibited an average body mass 
approximately 3 kg higher than that of other participants and demonstrated a predisposition to 
obesity that was 1.67 times greater [40].  The relationship between the rs9939609 genotype of the 
FTO gene and overweight and obesity, along with its impact on additional anthropometric variables, 
was also observed in a representative group of adult Poles. The frequency of the AA genotype 
increased with higher BMI in both sexes and was associated with higher anthropometric obesity 
indicators in both men and women. The AA rs9939609 genotype of the FTO gene was found to be 
significantly associated with abnormal BMI (overweight or obesity) in men, irrespective of age, 
smoking, physical activity, diet, and the presence of diabetes. In women, this association was 
significant after additionally considering menopause [36].The risk allele A of the SNP rs9939609 in 
the FTO gene has been found to be closely associated with obesity and BMI in a number of Asian 
populations, including those of ethnic Chinese [41], Malaysians and Singaporeans [42], as well as 
residents of East and South Asia [43]. Recent global studies have linked the variant rs9939609 to a 
higher risk of obesity among Brazilians [44], young adults in China [24], and adults in Shiraz, Iran 
[38]. The FTO polymorphism may be associated with anthropometric parameters, e.g. carriers of the 
allele A polymorphism rs9939609 of the FTO gene have a higher percentage of body fat [45] and waist 
circumference [46]. In the present study, a significant difference between individual genotypes was 
demonstrated only for the extracellular water content. Allele A has been demonstrated to be 
associated with a higher extracellular water content in the body of AA homozygotes, exhibiting a 
significant difference between female and male subjects. In other study in obese individuals, the 
volume of extracellular fluid was positively related to the amount of body fat [47]. The absence of 
substantial disparities, notwithstanding the discernible trends, for the other evaluated parameters 
may be attributed to considerable variability within individual groups. 

In addition to the genetic analyses conducted, the prevalence of excessive body weight among 
the relatives of the subjects was estimated based on their declarations. The elevated prevalence of 
obesity observed among these relatives was predominantly observed among heterozygotes AT, a 
finding that warrants further investigation. The responses indicating the frequency of excessive body 
weight in the family suggest the presence of genetic factors predisposing to excessive body weight in 
the studied group. A further observation to be made from the results obtained is the tendency for 
females to be declared to have excessive body weight more frequently than males. A significant 
association has been identified between the occurrence of excessive body weight in siblings and 
mothers of the respondents with the risk genotype, and the risk of developing the condition. This 
association may be related to genetic factors influencing body weight, which may be inherited 
mitochondrial, as well as to environmental factors such as family dietary patterns, including features 
such as: type and amount of food, food groups, meal frequency, dietary preferences, or avoidance of 
certain foods. 

The meta-analysis conducted by Livingstone [48] indicated a weak inverse relationship between 
the risk allele of FTO and energy intake in adults, as well as the role of the FTO gene in changing the 
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proportion of energy consumed in the diet from fat and protein. In the study conducted by Daya et 
al. [49], it was observed that obese individuals with the AT/AA genotype exhibited a fat intake that 
was 1.40 times higher than that of individuals with the TT genotype. The A allele of the rs9939609 
FTO gene was associated with higher total fat, saturated fatty acids, and fat-rich ultra processed foods 
intake, as well as higher adherence to the Western dietary pattern in 173 healthy adults in Argentina 
[21]. Individuals with the A allele showed a heightened predilection for foods, particularly those with 
high added sugar content [50].The present study has not provided clear evidence to support the 
hypothesis that dietary habits are associated with the occurrence of gene polymorphism. Quantitative 
analysis revealed no significant disparities in energy and nutrient intake between the groups. 
However, the qualitative analysis indicated relationships between the consumption of certain 
product groups and gene polymorphism. A relationship was identified between the frequency of 
consumption of key indicators of a healthy diet and the TA and AA genotypes. Individuals with the 
AA genotype exhibited a consumption frequency of fatty fish, vegetables, fruits, milk and dairy 
products, and whole grain products that was lower than that which is recommended. In contrast, no 
substantial correlation was identified between the FTO rs9939609 (A/T) polymorphism and 
preferences for sweet and fatty foods among a sample of 77 Iranian adults [22]. The relationships 
between the rs9939609 polymorphism in the FTO gene and the frequency of consumption of food 
groups [51], and dietary patterns [35], were also not demonstrated in a large population of adult 
Europeans. However, individuals who possessed two copies of the allele A, and who exhibited the 
lowest intake of fried foods, demonstrated an average BMI that was 1.4 kg/m2 higher and a waist 
circumference that was 3.1 cm greater, in comparison to individuals who did not possess the risk 
allele A, and who similarly exhibited the lowest consumption of fried foods [35]. These results, in 
conjunction with the findings of our own study, may indicate disparities in energy expenditure and 
nutrient utilisation among individuals who carry the risk allele A.  

While genetic factors undoubtedly play a role in the pathogenesis of obesity, they are not the 
sole cause of the significant increase in obesity rates observed in recent years, as they have remained 
relatively stable over such a brief period [52]. Irrespective of the underlying cause, the accumulation 
of excess fat and subsequent obesity are the consequence of a prolonged energy imbalance, 
characterised by the ingestion of greater energy than is expended by the body, resulting in a positive 
energy balance. Consequently, modifying dietary habits and enhancing physical activity are pivotal 
in the management of obesity. It is evident that lifestyle modifications, particularly dietary changes 
in cases of genetically determined obesity, can result in weight loss irrespective of genetic 
predisposition. 

The present study has several strengths. To the best of our knowledge, this study is the first to 
examine the relationship between the FTO gene polymorphism rs9939609 and dietary habits, 
considering both qualitative characteristics (frequency of consumption of products/product groups) 
and quantitative characteristics (energy and nutrient intake), and nutritional status. Nevertheless, the 
study was subject to certain limitations. The utilisation of self-reported dietary assessment methods 
is susceptible to the occurrence of reporting bias, which represents a significant limitation. However, 
all participants were thoroughly instructed on how to provide their responses and had direct contact 
with a dietitian throughout the study. Furthermore, the relatively limited sample size of this study 
constitutes a limitation, in that it precludes the possibility of extrapolating the results to the broader 
population of Poles.  

5. Conclusions 

In the studied group, the presence of polymorphism rs9939609 in the FTO gene was observed, 
with the frequency of the mutated allele A being 0.46. The study indicates a significant association of 
polymorphism rs9939609 in the FTO gene with the prevalence of excessive body weight in 
individuals with AT and AA genotype groups. The studied polymorphism FTO gene explained only 
7.82% of the variability in features characterising the nutritional status. The analysis of obesity 
prevalence within families revealed a significant impact from relatives on the female line. 
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Nevertheless, the absence of observed disparities in nutrient intake between genotypes suggests the 
presence of other significant factors contributing to excess body weight. The AA genotype exerts a 
significant influence on the regulation of body homeostasis; however, this influence is subject to 
substantial modulation by other environmental factors. The utilisation of genetic testing for the 
identification of the FTO gene polymorphism may facilitate the personalisation of dietary 
interventions, thereby enhancing their efficacy. There is an absence of international consensus or 
guidelines regarding the utilisation of genetic testing in patients diagnosed with obesity. 
Consequently, it can be hypothesised that the pursuit of knowledge and the development of 
therapeutic solutions for the treatment of genetically determined obesity will become a substantial 
component of scientific research in the near future, representing a pathway to the development of 
personalised diet therapy. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 
paper posted on Preprints.org, Table S1: The average daily macronutrient intake based on three-day food records 
for each individual genotype; Table S2: The average daily vitamins and minerals intake based on three-day food 
records expressed for 1000 kcal for each individual genotype. 
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