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ABSTRACT

Background: Obesity is a disease importantly influenced by 
genetic factors. The rs9939609 variant of the gene associated 
with fat mass and obesity (FTO) has been associated with 
weight gain, body mass index (BMI), and influence on the 
individual response to macronutrient intake. Objectives: 
To evaluate the effect of the rs9939609-FTO (A>T) marker 
on the response of volunteers under a dietary intervention 
that included beef with different compositions: high in satu-
rated fatty acids and high in monounsaturated fatty acids 
(MUFA). Methods: The rs9939609-FTO marker genotype 
was obtained from 49 volunteers under a dietary interven-
tion, and parametric tests were performed to determine its 
influence on anthropometric measurements between geno-
types. Results: Both groups showed reductions in post-inter-
vention measurements. The rs9939609-FTO polymorphism 
had no significant impact on weight loss, except at the hip 
measurement, where  the A allele carriers (TA/AA) those that  
consumed more MUFA showed significantly smaller reduc-
tions between genotypes. Conclusion: This study provides 
insights from a Mexican population about the influence of 
FTO genotypes and diet composition on weight loss.

Keywords: Saturated fatty acids. Monounsaturated fatty 
acids. Weight loss. Body mass index. Single-nucleotide poly-
morphism.

RESUMEN

Antecedentes: La obesidad es una enfermedad en la que 
los factores genéticos desempeñan un papel importante. La 
variante rs9939609 del gen asociado a la masa grasa y la obesi-
dad (FTO) se ha relacionado con aumento de peso y el índice 
de masa corporal, y tiene influencia en la respuesta individual 
a la ingesta de macronutrientes. Objetivo: Evaluar el efecto del 
marcador rs9939609-FTO (A>T) en la respuesta de voluntarios 
bajo una intervención dietética que incluyó carne de res con 
diferente composición: alta en ácidos grasos saturados (AGS) 
y alta en ácidos grasos monoinsaturados (AGM). Método: Se 
obtuvo el genotipo del marcador rs9939609-FTO de 49 volunta-
rios sometidos a intervención alimentaria y se realizaron prue-
bas paramétricas para determinar su influencia en las medidas 
antropométricas entre genotipos. Resultados: Ambos grupos 
mostraron reducciones en las mediciones tras la intervención, 
el polimorfismo rs9939609-FTO no tuvo un impacto signifi-
cativo en la pérdida de peso, excepto en la cadera, donde los 
portadores del alelo A (TA/AA) que consumieron más AGM 
mostraron reducciones significativamente menores entre 
genotipos. Conclusión: Este estudio aporta información en 
una población mexicana sobre la influencia de los genotipos 
FTO y la composición de la dieta en la pérdida de peso.

Palabras clave: Ácidos grasos saturados. Ácidos grasos 
monoinsaturados. Pérdida de peso. Índice de masa corporal. 
Polimorfismo de un solo nucleótido. 
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INTRODUCTION

Obesity is the result of a chronic imbalance between 
energy expenditure and energy intake and is consi-
dered a multifactorial disease in which dietary and 
non-dietary factors are involved1. It has been descri-
bed that between 40 and 70% of the variation in body 
mass index (BMI) in a population can be explained by 
genetic factors2.

The fat mass and obesity-associated (FTO) gene is 
so far considered an important candidate gene for 
obesity. FTO gene polymorphisms may influence the 
growth, proliferation, and function of cells, as well as 
weight, BMI, and related traits3,4. The rs9939609-FTO 
single-nucleotide polymorphism (SNP) is an A/T trans-
version located in the first intron of FTO gene4, and 
this polymorphism has been worldwide associated 
with obesity and related traits such as increased food 
intake, reduced hunger, and satiety responses5.

The A allele (also referred to as obesity-predispo-
sing allele), carriers have been reported to exhibit 
hyperphagia and an altered preference for macronu-
trients, including a higher intake of sugar and satura-
ted fats than homozygous TT carriers6. In the Mexican 
population, the allele frequencies of rs9939609-FTO 
have been reported between 0.74 for the T allele and 
0.26 for the A allele, these frequencies are close to 
those observed in the American population (T: 0.68, 
A: 0.32), but lower than the observed frequencies in 
African and European populations, where the A allele 
frequencies are 0.48 and 0.41, respectively7.

Gene-diet interactions have been observed. De Luis 
et al.8 reported a significant difference between 
individuals with the TT and TA/AA genotypes of 
the rs9939609-FTO polymorphism after 3 months 
of intervention. Carriers of the TA/AA genotype 
showed a greater reduction in weight, BMI, and fat 
mass levels compared to those with the TT geno-
type after following a hypocaloric high in polyun-
saturated fatty acids (FA) diet. In addition, different 
studies have shown that the type of diet and geno-
type have been found to influence the outcomes9-11. 
Vela‐Vásquez et al.12,13 reported two clinical trials 
evaluating the effect of beef fatty acid composi-
tion including weight loss. Two types of beef were 

evaluated: high-monounsaturated FA (MUFA) beef 
containing 42.9% saturated FA (SFA), and 51.4% 
MUFA and the high-SFA beef contained significantly 
2.27% more SFA and 1.81% less MUFA compared 
to high-MUFA beef. It was found that volunteers 
who consumed a high-MUFA beef experienced a 
higher reduction in body measurements and rela-
ted indices than the consumption of high-SFA beef. 
Here we study a subsample from these two trials to 
evaluate the impact of rs9939609-FTO marker on the 
response of volunteers under a dietary intervention 
that included beef with varying content and compo-
sition of FA.

MATERIALS AND METHODS

Study design and subjects

This study was conceived as an exploratory clinical 
trial to evaluate the effect of a genotype-based nutri-
tional intervention. A priori sample size estimation 
was conducted based on the maximum weighted 
mean difference in body weight reduction observed 
in a previous dietary intervention study comparing 
individuals with AA versus TT genotypes (−0.72 kg; 
PMID: 26888713). Using this effect size, a total of 30 
participants per group (TT vs. TA/AA) would be requi-
red to achieve 80% statistical power with a two-sided 
α of 0.05, as calculated using the ClinCalc sample size 
calculator (http://clincalc.com/stats/samplesize.aspx; 
accessed 1 November 2024). Due to technical constra-
ints – specifically, the genomic deoxyribonucleic acid 
(DNA) sample availability – the number of participants 
enrolled was lower than anticipated (21 and 28 volun-
teers from each group were included).

The clinical trials were randomized, controlled, 
double-blinded, and were carried out according 
to the Consolidated Standards of Reporting Trials 
guidelines. The inclusion and exclusion criteria, beef 
processing, dietary plan features, and dietary restric-
tions are detailed elsewhere12,13. Briefly, volunteers 
were randomly assigned to a study group “A” (control) 
for food intervention with high-SFA beef or group 
“B” for high-MUFA beef. NUTRIRES trial12 had 2-week 
duration and NUTRIRES213 4 weeks; in this last one, 
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the data at 2 weeks were analyzed to adjust the dura-
tion period with NUTRIRES trial. Volunteers followed 
a calorie-restricted menu and consumed 120 g of 
beef 3 times over a 2-week period. To avoid genera-
ting an additional caloric expenditure, moderate or 
intense physical activities and exercise were restric-
ted. All volunteers gave written informed consent, 
approved by the Bioethics Committee of the Escuela 
Nacional de Medicina y Homeopatía (CBE/013/2019 
and CBE/007/2021). The clinical trials were registered 
in the Cuban Public Registry of Clinical Trials (RPCEC) 
under the identifiers NUTRIRES: RPCEC00000302 and 
NUTRIRES2: RPCEC00000403.

ANTHROPOMETRIC MEASUREMENTS

Body weight, waist, and hip circumferences (cm) were 
measured according to standard procedures using a 
digital scale (OMRON, HBF-514C-LA) and an anthro-
pometric tape (Lufkin W606PM). All measurements 
were assessed by the same individual to reduce varia-
tion14; using these data, BMI (kg/m2) and waist–hip 
ratio (WHR) (waist circumference/hip circumference 
given in cm) were calculated.

GENOTYPING

Venous blood samples were obtained before the food 
intervention for the DNA extraction. DNA extraction 
was performed using GenElute™ Mammalian Geno-
mic DNA Miniprep Kits. The sequences of the selec-
ted primers were based on the reported sequence 
(GenBank number 79068): forward 5’-GTATCTTTT-
GGCAGATCAGAAC-3’; and reverse, 5´-CAAGGATGT-
GTTTCTAAGGA-3´, which amplified a 416 bp product. 
For allelic discrimination of the SNP rs9939609-FTO 
in each sample analyzed, automated sequencing 
was performed in Operon Eurofins (Lincoln, U.S.A.).  
The alleles and genotype data of the population 
were generated using the Excel tool in the Micro-
soft Office package. The software Cervus 3.0.7 was 
used for computed frequencies and Hardy–Weinberg 
equilibrium15.

STATISTICAL ANALYSIS

Due to the normal distribution of the data, verified by 
the Shapiro-Wilk test, statistical analyses were perfor-
med using parametric tests (t-test for independent 
samples and paired t-test for dependent samples). The 
anthropometric measures from each volunteer were 
analyzed at baseline and at the end of the dietary inter-
vention, as well as the change between the two periods 
(final value minus basal value). The statistical analysis 
was performed using the DATAtab: Online Statistics 
Calculator, grouping the genotypes with the risk allele, 
i.e., TA + AA (TA/AA), and wild-type TT as the second 
group. A p < 0.05 was considered statistically significant.

RESULTS

Forty-nine volunteers were analyzed in this study, all 
of whom completed the 2-week follow-up period 
without any dropouts in either group. The mean age was 
33.08 ± 8.18 years and the mean BMI was 27.95 ± 5.05, with 
23 males (46.94%) and 26 females (53.06%) (p = 0.877). 
Seventeen were classified with obesity (at different 
levels, six men and eleven women), 17 with overweight 
(eleven men and six women), and normal weight (six 
men and nine women). Overweight was more frequent 
in men, whereas obesity was more frequent in women.

The rs9939609-FTO marker allele frequencies were 0.4 
and 0.6 for A and T alleles, respectively. No deviation 
from Hardy–Weinberg equilibrium was observed. The 
genotype distribution was TT (42.85%), TA (34.69%), 
and AA (22.44%). The genotype frequency of the homo-
zygous AA risk allele was higher in the group with high-
SFA diet, while the number of heterozygous carriers 
was higher in the volunteers with high-MUFA diet.

Anthropometric parameters of volunteers at baseline 
and after 2 weeks of intervention are shown in table 1.

After the intervention, all volunteers showed a reduction in 
anthropometric measurements. Although there were no 
significant differences between groups, significant intra-
group differences were observed in most measurements 
for both genotypes (Table 1). The TT volunteers in the 
high-MUFA beef group exhibited the greatest reductions 
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in weight, BMI, and hip circumference, while the TA/
AA volunteers of the same group showed the smallest 
decreases in these measurements. Only the WHR showed 
a significant difference after the consumption of the high-
MUFA beef in TA/AA volunteers’ group. These intragroup 
differences were not observed after the consumption of 

the high-SFA beef. Interestingly, when comparing chan-
ges according to genotype within each beef group, only 
the hip measurement showed a significant difference in 
the high-MUFA group. In this group, the TA/AA volunteers 
presented 1.96 cm more in hip circumference (Table 1) 
compared to the TT volunteers of the same group.

Table 1. Anthropometric measurements before and after intervention

Time High-SFA beef pˆ High-MUFA beef pˆ

TT (n = 11) TA or AA 
(n = 14)

TT (n = 10) TA or AA 
(n = 14)

Weight (kg)

Basal 82.10 ± 17.23 80.58 ± 16.51 0.824 80.81 ± 12.39 71.16 ± 15.89 0.124

Final 81.22 ± 17.39 79.56 ± 16.31 0.808 79.45 ± 12.18 70.45 ± 15.31 0.138

p† 0.003 0.003 < 0.001 0.062

Change −0.88 ± 0.75 −1.02 ± 1.03 0.708 −1.36 ± 0.69 −0.71 ± 1.3 0.163

BMI

Basal 28.52 ± 4.65 28.88 ± 5.13 0.858 29.19 ± 4.74 25.7 ± 5.3 0.112

Final 28.2 ± 4.69 28.51 ± 5.02 0.878 28.71 ± 4.74 25.46 ± 5.18 0.132

p† 0.005 0.002 < 0.001 0.061

Change −0.32 ± 0.29 −0.37 ± 0.37 0.696 −0.48 ± 0.22 −0.24 ± 0.43 0.120

Waist (cm)

Basal 90.9 ± 11.41 94.61 ± 11.35 0.427 93.35 ± 10.84 85.66 ± 9.72 0.082

Final 88.9 ± 11.25 93.00 ± 10.55 0.359 91.77 ± 10.56 83.49 ± 10.18 0.066

p† 0.002 0.025 0.038 0.007

Change −2.00 ± 1.54 −1.61± 2.37 0.639 −1.58 ± 2.05 −2.17 ± 2.5 0.547

Hip (cm)

Basal 108.69 ± 12.55 108.64 ± 9.53 0.991 107.87 ± 6.41 100.32 ± 7.09 0.014

Final 107.45 ± 12.84 106.61 ± 8.67 0.846 105.82 ± 6.56 100.23 ± 6.71 0.055

p† 0.041 0.068 0.010 0.838

Change −1.24 ± 1.75 −2.04 ± 3.83 0.529 −2.05 ± 1.98 −0.09 ± 1.66 0.016

WHR

Basal 0.84 ± 0.07 0.87 ± 0.07 0.283 0.86 ± 0.08 0.85 ± 0.05 0.662

Final 0.83 ± 0.08 0.87 ± 0.05 0.130 0.87 ± 0.08 0.83 ± 0.06 0.227

p† 0.195 0.836 0.656 0.029

Change −0.01 ± 0.02 0.00 ± 0.04 0.473 0.00 ± 0.02 −0.02 ± 0.04 0.073

No statistical differences between genotypes in different diet groups (p < 0.05). Values are means and S.D.
†p: baseline versus final, t-test (two related samples).
ˆp: TT versus TA/AA of the same diet group, t-test (independent samples).
BMI: body mass index; MUFA: monounsaturated fatty acids; SFA: saturated fatty acids.
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DISCUSSION

Men in our study population had a higher prevalence 
of overweight, while women had a higher preva-
lence of obesity. This tendency has been described 
by Barquera et al.16 in a Mexican population where 
overweight is more predominant in men (42.5%) and 
obesity in women (40.2%). The allelic frequencies of the 
rs9939609-FTO in this study were 0.4 for the A allele and 
0.6 for the T allele. These results are close to previously 
reported frequencies in southeastern Mexico7.

Here, we found that no matter their FA composition, 
beef consumption did not affect the weight loss; 
however, it had an important impact on the anthro-
pometric measurements regardless of the rs9939609-
FTO genotype. At the intragroup level, the TA/AA 
genotype carriers of the high-MUFA group showed 
significantly lower reductions in hip circumference. 
These results were not observed in the TA/AA volun-
teers of the high-SFA-beef diet group.

Different studies have reported a greater weight loss 
response in A-allele carriers following Mediterranean-
style, high-protein, or low-fat diets; this response was 
not observed in our study, as A-allele carriers showed 
the smallest reductions when following a high-MUFA 
beef diet. As it was previously described, the sample 
size studied was lower than the expected; consequently, 
the present analysis should be considered a hypothe-
sis-generating exploratory trial. Despite the reduced 
sample size, the observed results and trends provide 
preliminary evidence of an  interaction between genetic 
background and dietary response, warranting confir-
mation in adequately powered future studies. It is also 
applicable for other variables such as the intervention 
extension, since previous studies have typically ranged 
from 3 months to 3 years9-11.

MUFA consumption could influence body fat redis-
tribution, as TA/AA volunteers showed a significant 
reduction in WHR due to decreased waist circumfe-
rence; however, this group showed less reduction in 
the hip, which could reflect a specific resistance of 
this genotype to changes in this measure. In terms of 
body composition, Di Renzo et al.17 observed a gene-
diet interaction, where A carriers in the control group 
experienced an increase in total body fat (+ 6.11 kg), 

while A carriers on the Mediterranean diet reduced 
total body fat (−3.97 kg) following a 4-week inter-
vention. Although this difference was not statistically 
significant and cannot be treated as if it was a dual-
energy X-ray absorptiometry results, these findings 
emphasize the potential role of diet in influencing 
fat distribution and highlight the need for further 
research on gene-diet interactions and their effects on 
body fat redistribution using appropriate assessment 
tools. Carriers of the AA genotype has  been found to 
have larger waist sizes, although this trend has not 
been observed in all populations18,19. In our study, 
both genotypes exhibited high values in the waist 
measurements (> 80 cm). Interestingly, A allele carriers 
showed a greater reduction in waist circumference 
after MUFA consumption compared to T homozygo-
tes in both groups, although not significant. This is 
noteworthy, as waist circumference is a key indicator 
of central adiposity20.

On the other hand, it has been reported that SFA 
consumption has a greater impact on the BMI of 
FTO A allele carriers compared to other macronu-
trients3,21. However, in our study, SFA consumption 
did not increase weight, BMI, or any anthropome-
tric measurements. In our population, carriers of the 
rs9939609-FTO risk allele  showed contrasting results. 
First, we observed that a tendency toward smaller 
decreases in various anthropometric measurements 
when a more favorable FA profile was consumed. 
Second, greater reductions were seen with the high-
SFA diet, although these differences were not statis-
tically significant. Finally, the possible influence of 
MUFA consumption on body fat composition in the 
A-allele carriers is an interesting point to explore as a 
strategy to reduce cardiovascular risk.

CONCLUSION

In this study, the rs9939609-FTO polymorphism did 
not have a major impact on weight reduction or 
anthropometric measurements during the short-term 
consumption of either a high-MUFA or high-SFA diet, 
except for hip circumference, where A allele carriers 
(TA/AA) on the MUFA-rich diet showed significantly 
smaller reductions. Further long-term studies are 
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needed to expand knowledge about specific nutri-
tion components and its interaction with consumer-
genetic background.
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