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ABSTRACT

Introduction: Recent studies have shown that the association of FTO rs9939609 gene polymorphism with
obesity depends on the level of the individual’s physical activity. However, there are some studies that evaluated
physical fitness, health, and motor performance in relation to the rs9939609 FTO gene polymorphism. Objective: To
evaluate how the rs9939609 FTO gene polymorphism affects the results of physical fitness tests related to health and
athletic performance in schoolchildren after 4 months of intervention of physical exercise. Method: The rs9939609
FTO gene polymorphism was genotyped in a total of 36 schoolchildren from southern Brazil, aged 8 to 16 years.
Body mass index (BMI), health-related physical fitness (cardiorespiratory fitness, abdominal strength/endurance,
and flexibility) and motor performance (upper and lower limb strength, agility, and speed) were evaluated. The
intervention included exercise strategies based on Physical Education, healthy eating, and oral and postural care.
Results: In the experimental group, after the intervention, significant differences were noted in individuals with
the TT genotype. These individuals showed improvements in abdominal strength (p=0.025), lower limb strength
(p=0.037) and agility (p=0.021). For individuals with the AA/AT genotype, improvements in flexibility (p=0.026),
abdominal strength (p=0.002), upper limb strength (p=0.008) and lower limb strength (p=0.001) were observed.
However, these differences were not statistically significant when comparing the TT and AT/AA genotypes. Con-
clusions: The experimental group showed improvements in abdominal strength, lower limb strength, and speed.
Yet, individuals with different genotypes (AA/AT and TT) for polymorphism rs9939609 exhibited similar values for
indicators of physical fitness, health, and motor performance. Level of Evidence Ii; Lesser quality RCT.

Keywords: Genetics; Fat mass and obesity associated protein; Obesity; Exercise; Motor activity.

RESUMO

Introdugcao: Estudos recentes demonstraram que a associagdo do polimorfismo do gene FTO 19939609 e a obesidade
dependem do nivel de atividade fisica de um individuo. No entanto, existem alguns estudos que avaliaram a aptidéo fisica,
asaude e o desempenho motor com relacéo ao polimorfismo rs9939609 do gene FTO. Objetivo: Avaliar como o polimor-
fismo rs9939609 do gene FTO afeta os resultados dos testes de aptidéo fisica relacionados com a satide e o desempenho
atlético emescolares apds 4 meses de intervengdo com exercicios fisicos. Método: O polimorfismo rs9939609 do gene FTO
foi genotipado em um total de 36 escolares do sul do Brasil, com idades entre 8 e 16 anos. O indice de massa corporal
(IMC), a aptiddo fisica relacionada com a saude (aptidéo cardiorrespiratdria, forca abdominal/resisténcia e flexibilidade)
e desempenho motor (forca de membros superiores e inferiores, agilidade e velocidade) foram avaliados. A intervencdo
teve como base estratégias de exercicios da Educagdo Fisica e alimentacdo sauddvel, além de cuidados bucais e posturais.
Resultados: No grupo experimental, apds a intervencdo, observaram-se diferencas significativas em individuos com o
gendtipo TT. Esses individuos apresentaram melhorias na forca abdominal (p = 0,025), forca dos membros inferiores (p
=0,037)eagilidade (p = 0,021). Para os individuos com o genctipo AA/AT, foram observadas melhorias na flexibilidade
(p = 0,026), forca abdominal (p = 0,002), forca dos membros superiores (p = 0,008) e forca dos membros inferiores
(p=0,001). No entanto, essas diferencas ndo foram estatisticamente significantes ao se comparar os gendtipos TTe AT/AA.
Conclusées: O grupo experimental apresentou melhorias na forca abdominal, forca dos membros inferiores e velocidade.
Contudo, individuos com diferentes gendtipos (AA/AT e TT) para o polimorfismo rs9939609 exibiram valores semelhan-
tes para indicadores de aptiddo fisica, satide e desempenho motor. Nivel de Evidéncia ll, ECRC de menor qualidade.

Descritores: Genética; Proteina associada a massa gorda e obesidade; Obesidade; Exercicio; Atividade motora.

RESUMEN

Introduccidn: Estudios recientes han demostrado que la asociacion del polimorfismo del gen FTO rs9939609y la obesidad
dependen del nivel de actividad fisica de um individuo. Sinembargo, existen algunos estudios que evaluaron la aptitudfisica,
la saludy el rendimiento motor con relacién al polimorfismo rs9939609 del gen FTO. Objetivo: Evaluar cémo el polimorfismo
159939609 del gen FTO afecta los resultados de las pruebas de aptitud fisica relacionadas con la saludy el desemperio atlético
en escolares después de 4 meses de intervencidn con ejercicios fisicos. Método: El polimorfismo rs9939609 del gen FTO fue
genotipadoen un total de 36 escolares del sur de Brasil, con edades entre 8y 16 afios. El indice de masa corporal (IMC), la aptitud
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fisica relacionada con la salud (aptitud cardiorrespiratoria, fuerza abdominal/resistencia y flexibilidad) y rendimiento motor
(fuerza de las extremidades superiores e inferiores, agilidad y velocidad) fueron evaluados. La intervencién tuvo como base
estrategias de ejercicios de Educacion Fisicay alimentacion saludable, ademds de cuidados bucales y posturales. Resultados:
En el grupo experimental, después de la intervencicn, se observaron diferencias significativas en individuos con el genotipo
TT. Estos individuos presentaron mejoras en la fuerza abdominal (p = 0,025), fuerza de las extremidades inferiores (p = 0,037)
yagilidad (p = 0,021). Para las personas con el genotipo AA/AT, se observaron mejoras en la flexibilidad (p = 0,026), fuerza
abdominal (p=0,002), fuerza de las extremidades superiores (p=0,008) y fuerza de las extremidades inferiores (p = 0,001). Sin
embargo, estas diferencias no fueron estadisticamente significativas al comparar los genotipos TTy AT/AA. Conclusiones: El
grupo experimental presentd mejoras en la fuerza abdominal, fuerza de las extremidades inferiores y velocidad. No obstante,
individuos con diferentes genotipos (AA/ATy TT) para el polimorfismo rs9939609 mostraron valores similares para indicadores
de aptitud fisica, salud y rendimiento motor. Nivel de Evidencia Il; ECRC de menor calidad.

Descriptores: Genética, Proteina asociada a la masa grasa y la obesidad; Obesidad; Ejercicio; Actividad motora.
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INTRODUCTION

Obesity is a public health problem that results in increased morbidity
and mortality associated with cardiovascular disease, type Il diabetes and
renal disease.! The pathogenesis of obesity is influenced by interactions
between genetics and the environment.? Previous studies have suggested
that the rs9939609 polymorphism in the fat mass and obesity-associa-
ted FTO gene is associated with adiposity and obesity in individuals
possessing the AA genotype.>* The FTO gene is highly expressed in the
hypothalamus and is known to regulate energy homeostasis.®

The FTO gene is expressed in the cell nuclei of almost all human
tissues.® High levels of FTO expression are found in the brain, particularly
in the arcuate nucleus of the hypothalamus.” The possible role of this
gene in energy homeostasis is supported by studies in humans and
mice that have shown that FTO mRNA expression is regulated by food
consumption.®

Although a growing number of studies have shown that the FTO
gene is associated with obesity, recent studies have demonstrated that
this association depends on an individual's level of physical activity.
An intervention study conducted on European and non-European
populations was the first to confirm a significant association between
the rs9939609 FTO gene polymorphism and physical activity level”. In
another intervention directed by Mitchell et al.® 464 postmenopausal
women were genotyped for the rs8050136 FTO gene polymorphism. In
the referenced study, after a 6-month physical activity intervention, the
results of a cardiorespiratory fitness test were similar between individuals
with both genotypes (AA and CC) of this polymorphism.

A key marker of health in childhood and adolescence is physical
fitness.'%!" The main components of health-related physical fitness are
cardiorespiratory fitness, flexibility and abdominal strength.'? Engine
performance is another common evaluation criterion, and previous
studies have indicated that excess weight in young people reduces
flexibility, motor performance, agility, balance, and lower and upper
limb strength.!>1°

Thus, the current study aimed to verify that individuals possessing
obesity-risk genotypes (AA and AT) of the rs9939609 FTO gene polymor-
phism respond differently to physical fitness and produce different results
on tests related to health and motor performance compared to carriers
of the TT genotype following an interdisciplinary intervention program.

METHODS

The current study was a pilot multidisciplinary intervention study
conducted at three schools (one for the experimental group and two for
the control group) in a rural region of the municipality of Santa Cruz do
Sul, RS. A total of 36 students were enrolled in the study: 17 were placed
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in the control group and 19 in the intervention group. All students were
aged between 8 and 16 years and were either overweight or obese.

Anintervention program was developed through a multidisciplinary
team. The intervention included exercise strategies based on physical
education, healthy eating, and oral and postural care. The intervention
syllabus covered a period of four months and was conducted three
times per week.

The experimental group was submitted to weekly meetings that
lasted for one hour and 30 minutes. Each of these meetings included
a 10-minute warm-up, 50 minutes of aerobic exercise, 20 minutes of
exercise using entertaining props (e.g., jump rope, trampoline circuit
footprints and pick-ups) and a 10 minute presentation of guidelines
related to postural re-education and nutritional counseling/oral hygiene.

To calculate the sample size, we used the G*Power'® program with a
test power of 0.8, an effect of 0.30 and a 95% significance level. The results
suggested that at least 12 subjects were needed for the experimental
group and 12 subjects for the control group.

Informed consent was obtained from all study participants and their
parents prior to the start of the intervention. The study was conducted
in accordance with resolution 466 from the National Council of Health
Ministry of Health recommendations from 12 December 2012 regarding
ethical issues related to research on human subjects. The study was
approved by the Research Ethics Committee of our institution (advice
number 357 403/2013).

A pre-assessment was conducted prior to the intervention, and
another assessment was conducted after the completion of the inter-
vention. During these assessments, blood was collected for later analysis;
anthropometric measurements were made; and physical fitness, health
and motor performance were assessed using tests. The same tests were
given to the control and intervention groups.

We used a salting out protocol to extract DNA'” from 500 pL sam-
ples of peripheral blood leukocytes. After extraction, the DNA was
resuspended in water for further analysis. We used real-time polymerase
chain reaction (PCR) to genotype the DNA; PCR was performed at the
Laboratory of Genetics and Biotechnology at the University of Santa Cruz
do Sul (UNISC). A/T genotyping was performed using TagMan probes
(Applied Biosystems, Foster City, CA, USA) on StepOnePlus equipment
(Applied Biosystems, Foster City, CA, USA) according to the manufac-
turer’s instructions.

To calculate BMI, we used a ratio of body weight (kg) to height
squared (m?); the results were expressed as kg/m?. BMI was classified
according to the percentile curves produced by the Centers for Disease
Controland Prevention/National Center for Health Statistics'® according to
gender and age. The following classifications were used: underweight
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(<p5), normal weight (>p5 and <p85), overweight (>p85 and <p95)
and obese (>p95).

Physical fitness, health and motor performance were tested fol-
lowing standardized methods published by the Sport Brazil Project
(PROESP-BR)." Three tests were used to evaluate physical fitness and
health; these included assessments of cardiorespiratory fitness (running
test/6-minute walk test results, given in meters), flexibility (sit and reach
test results, given in centimeters) and abdominal strength (number of
abdominal crunches performed in one minute).

Four tests were used to evaluate motor performance; these included
assessments of upper limb strength (medicine ball throwing test results,
recorded as distance in meters), lower limb strength (horizontal jump test
results, recorded as distance in meters), agility (square test results, recor-
ded in seconds) and speed (20-meter-run results, recorded in seconds).

SPSS version 23.0 (IBM, Armonk, USA) was used for statistical analysis.
The normality of data distributions was first evaluated using the Shapi-
ro-Wilk test. Subsequently, for variables with normal distributions, the
following parametric tests were used: the t test for independent samples
and the paired t test. For variables with non-normal distributions, the
nonparametric Mann-Whitney U test and the Wilcoxon test were used.
Values were considered significant when p<0.05.

RESULTS

Table 1 presents the assessed health and motor performance in-
dicators according to the group with the TT genotype, the allele not
associated with obesity-risk, and the group with the AT/AA genotype,
the allele (A) associated with obesity-risk. During the pre-test, the groups
showed similar results and only differed with regard to agility. However,
during the post-test, statistically significant differences were found bet-
ween the groups: the individuals in the experimental group performed
significantly more abdominal crunches, exhibited greater lower limb
strength and produced faster times during speed tests (p<0.05).

In the control group, genotype was not associated with statistically
significant differences in any of the assessed indicators of physical fitness,

health or motor performance. (Table 2) In the experimental group, after
the intervention, individuals with the TT genotype showed significant
improvements in abdominal strength (p=0.025), lower limb strength
(p=0.037) and agility (p=0.021). For individuals with the AA/AT genotype,
improvements were found in flexibility (p=0.026), abdominal stren-
gth (p=0.002), upper limb strength (p=0.008) and lower limb strength
(p=0.001). However, these improvements were not statistically significant
when comparing genotypes (TT versus AT/AA).

Table 2. Physical fitness indicators related to health and motor performance after
four-month intervention according to rs9939609 polymorphism genotypes.

T p! AT/AA* p! o2
Control group N=9 N=8
Health indicators
ACRF (m) 81.33 (126.55) | 0.090 | 103.50 (222.89) | 0.230 | 0.801
AFlexibility (cm) 3.27 (5.08) 0.089 -1.75 (3.03) 0.147 | 0.028
AAbdominal (rep) 24 0.157 0(4) 0.864 | 0.238
Motor performance
AMS Strength (m) 020(0.38) | 0.149 0.12 (0.25) 0.199 | 0.648
AMI Strength (m) 0.05 (0.07) | 0.060 0.03 (0.11) 0417 | 0652
MAgility (s) -0.32 (0.34) 0.021 -0.28 (0.55) 0.189 | 0.865
ASpeed (s) -032(057) | 0871 -037(036) | 0.778 | 0.982
Experimental group N=6 p' N=13 p' p?
Health indicators
ACRF (m) -20.50 (14.19) | 0678 | 35.53(210.23) | 0.554 | 0.552
AFlexibility (cm) 141 (5.08) 0.525 4.38 (6.22) 0.026 | 0323
AAbdominal (rep) 7 (6) 0.025 5 (4) 0.002 | 0319
Motor performance
AMS Strength (m) 0.15(0.36) 0.338 042 (0.48) 0.008 | 0.246
AMI Strength (m) 0.17 (0.15) | 0.037 0.18 (0.13) 0.001 | 0914
MAgility (s) -113(070) | 0010 | -1.53(038) |0.001°| 0.161*
ASpeed (s) 0.26 (040) | 0.164 0.15(0.33) 0.126 | 0510

CRF: cardiorespiratory fitness; MS: upper limbs; MI: lower limbs; rep: repeat; A: difference after the intervention;
All data are expressed as the mean (standard deviation). p1: paired t test or §Wilcoxon; p2: t test for independent
samples or #Mann-Whitney U test.

Table 1. Physical fitness indicators related to health and motor performance before and after four months of the intervention, stratified based on rs9939609 polymorphism genotypes.

Before intervention After four-month intervention
FTO rs9939609 genotype Control X p Control . p
S Experimental group T Experimental group
T N=9 N=6 N=9 N=6
Health indicators
CRF (m) 680.33 (37.96) 885.33 (234.57) 0.085 761.67 (122.74) 864.83 (250.08) 0.381
Flexibility (cm) 15.11 (7.16) 2133 (9.74) 0.176 18.38 (6.88) 2275 (7.31) 0.262
Abdominal (rep) 17 (8) 23(7) 0.219 20 (8) 31(8) 0.024
Motor performance
MS Strength (m) 294 (042) 3.11(0.59) 0.535 3.15(047) 327 (061) 0.674
MI Strength (m) 1.06 (0.10) 1.19(0.17) 0.084 1.11(0.15) 1.36 (0.19) 0.015
Agility (s) 7.68 (0.76) 8.01 (045) 0.363 7.35(0.76) 6.88 (0.59) 0.221
Speed (s) 5.06 (0.66) 497 (0.37) 0.770 5.03 (0.50) 5.24(0.36) 0.394
AT/AA* N=8 N=13 p N=8 N=13 p
Health indicators
CRF (m) 799.50 (175.78) 799.77 (123.26) 0.997 903.00 (273.46) 835.31 (253.29) 0570
Flexibility (cm) 23.06 (5.10) 22.69 (8.97) 0.905 21.31(5.85) 27.07 (7.36) 0.077
Abdominal (rep) 23(7) 18 (8) 0.151 23 (8) 23 (10) 0.983
Motor performance
MS Strength (m) 3.55(1.10) 2.95(0.72) 0.150 3.68 (1.10) 3.38 (0.80) 0484
MI Strength (m) 1.28 (0.27) 1.12.(0.17) 0.138 1.31(0.24) 1.31(0.20) 0.960
Agility (s) 7.22(0.76) 8.25 (0.64) 0.005° 6.94 (0.78) 6.72 (0.69) 0.507
Speed (s) 4.77 (0.30) 5.11(0.51) 0.074 4.73 (0.38) 5.26 (0.59) 0.039
CRF: cardiorespiratory fitness; MS: upper limbs; Ml: lower limbs; rep: repeat; t test for independent samples; §Mann-Whitney U test; *A allele: obesity risk.
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DISCUSSION

The current study aimed to determine whether individuals who
possess 159939609 FTO gene polymorphism genotypes associated with
obesity risk (AA and AT) would respond differently to a physical exercise
intervention than individuals who possess a genotype (TT) that is not
associated with obesity risk. To make this determination, the results of
physical fitness tests related to health and motor performance were
compared. We hypothesized that carriers of the obesity-risk allele (A)
would exhibit inferior performance on tests of physical fitness, health
and motor performance. Unexpectedly, we found that individuals with
different genotypes had similar test performance. After the intervention
period, we observed increases in abdominal strength, lower limb strength
and agility in all individuals (genotypes TT, AT and AA).

Similar results were found by Milanezi,?® who conducted a study on
96 students in Sdo Paulo. In the referenced study, students who attended
physical education classes for 34 weeks showed significantimprovements
in abdominal strength, aerobic endurance and flexibility. The Milanezi
study data are concordant with our results regarding physical fitness
and health. Another study conducted on 40 high school students in Sdo
Paulo found significant changes in abdominal strength and flexibility
in both sexes and improved aerobic endurance in girls following the
attendance of physical education classes.”’

In a study published by Ortega et al.”” the physical fitness levels of
3,528 teenagers from southern and north central Europe were evaluated.
[t was found that adolescents from southern Europe performed worse
on physical fitness tests (strength, agility, speed and cardiorespiratory
fitness) compared to adolescents from north central Europe (p<0.001). The
adolescents from southern Europe were less active, which may explain
the observed differences in speed, agility and cardiorespiratory fitness;
these results were not related to the rs9939609 FTO gene polymorphism.

While many intervention programs conducted on overweight and
obese children and adolescents have analyzed indicators of engine
performance and health, few have assessed physical activity in relation
to specific genotypes 32324

Because our study sample cannot be considered as representative
of the population, the strength of our identified association between the
rs9939609 FTO gene polymorphism and indicators of physical fitness, health
and motor performance is limited. Furthermore, a previous study reported
by Liu et al that was conducted in Georgia (USA) found no statistically
significant associations between the rs9939609 FTO gene polymorphism
and physical activity in a cross-sectional analysis of 1,978 young people.

Similar results were found in a study reported by Eynon et al.” In this
study, a total of 551 Caucasian subjects of European descent (Poland, Russia
and Spain) were evaluated. At the end of the study, no association between
FTO gene polymorphism and the physical performance of athletes was found.

Thus, the results of the above-referenced studies corroborate the fin-
dings of our study. We could not find any previously published intervention
studies that evaluated physical fitness, health and motor performance in
relation to the rs9939609 FTO gene polymorphism. We also could not find
any studies that compared the TT genotype with the AT/AA genotypes.

CONCLUSIONS

In conclusion, following an interdisciplinary exercise intervention,
individuals with different genotypes (AA, AT and TT) for the rs9939609 FTO
gene polymorphism exhibit similar levels of physical fitness, health and
motor performance. Additionally, there were significant post-intervention
improvements in abdominal strength, lower limb strength and agility
in individuals of all genotypes (TT/AT/AA) in the experimental group.
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