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Abstract

Obesity has become a serious public health problem, and its impact is more salient
in more industrialized countries. It is widely accepted that obesity is a complex
multifactorial condition, with an important genetic component. In 2007, it was identified
the first single nucleotide polymorphism (SNP) in the FTO gene (rs9939609) associated
with obesity in humans through a genome-wide association study (GWAS). Since then,
many other obesity-associated loci have been found.

The main aim of this work was to investigate the association of the FTO SNP
rs9939609 and the two SLC6A4 polymorphisms (5-HTTLPR and STin2) with obesity and
other anthropometric variables, such as weight, height, BMI, BMI z-score, waist
circumference, hip circumference, waist-to-height ratio, and skinfold measurements in a
sample of Portuguese children. Moreover, we also tested for interaction effects between
the study polymorphisms and physical activity in relation to obesity.

Anthropometric parameters and physical activity were measured in a random
sample of 645 children (321 girls and 324 boys) between 3-11 years-old, of several public
schools from the central region of the country. Physical activity was measured objectively
during 7 days with Actigraph accelerometers. The International Obesity Task Force
(IOTF) cut-offs were used to define obesity. Genotyping of the two SLC6A4 (5-HTT)
gene polymorphisms, 5-HTTLPR and STin2, was performed by Polymerase Chain
Reaction (PCR) followed by agarose gel electrophoresis. The FTO SNP rs9939609
genotyping was performed by real time PCR using TagMan probes. For statistical
association analyses the population sample was stratified in two groups aged 3-6 years-
old and 7-11 years-old. Subjects defined as overweight or obese were merged in one case
group.

In children aged 7-11 years-old, the FTO rs9939609 showed a statistically
significant association with BMI Z-score (P = 0.04), and marginal associations were
found with BMI (P = 0.07) and WHtR (P = 0.07). Also, a marginal association was found
between rs9939609 and risk of overweight/obesity (P = 0.087). A strong significant
association was observed with risk of abdominal obesity (P = 4.5x10™) in the same age
group. When stratified by physical activity, several statistically significant associations
were observed with obesity-related anthropometric parameters in non-active individuals
aged 7-11 vyears, including for BMI (P = 0.02), BMI Z-score (P = 0.027), waist
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circumference (P = 0.035), WHtR (P = 0.045), subscapular skinfold (P = 0.015) and sum
of skinfolds (P = 0.046), but not in active individuals. In concordance, a statistically
significant association between the FTO polymorphism and risk of obesity and abdominal
obesity was observed in non-active individuals (P = 0.037 and P = 0.003 respectively),
but not in active individuals. No associations with obesity or related anthropometric
parameters were found in children aged 3-6 years-old.

For the two SLC6A4 polymorphisms (5-HTTLPR and STin2), no significant
associations were found in both age groups (except in children aged 7-11 years-old
between 5-HTTLPR and subscapular or suprailiac skinfold measures; P = 0.02 and P =
0.04, respectively), even when the population was divided in active and non-active
individuals.

In conclusion, the FTO SNP rs9939609 showed association with several
anthropometric measures and the risk of obesity or abdominal obesity in Portuguese
children, in line with previous studies performed in European populations. Moreover, we
observed an interaction effect between the FTO gene and physical activity in obesity. Our
results also suggest that the association between the FTO SNP rs9939609 and obesity
becomes evident only after the age of seven.

This work contributed to a better knowledge of the genetics of obesity in
Portuguese children, but further studies are needed to improve the understanding of the

genetic factors underlying the obesity risk in children.

Key-words: Abdominal obesity; FTO; STin2; 5-HTTLPR genes; Physical activity
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Resumo

A obesidade tornou-se um grave problema de satde publica, e o seu impacto é
mais saliente em paises industrializados. E amplamente aceite que a obesidade é uma
condigdo complexa e multifatorial, com um importante componente genético. Em 2007,
foi identificado o primeiro polimorfismo de nucle6tido simples (SNP) no gene FTO
(rs9939609) através de um estudo de associacao genomica (GWAS). Desde entdo, muitos
outros loci tém sido encontrados associados a obesidade.

O principal objetivo deste trabalho foi investigar a associagdo com obesidade e
outras variaveis antropométricas como o peso, altura, IMC, IMC z-score, circunferéncia
da cintura, relacdo cintura / estatura e mediadas de dobras cutaneas do SNP FTO
rs9939609 e de dois polimorfismos no gene SLC6A4 (5-HTTLPR e STin2), numa amostra
de criancas portuguesas. Além disso, foram também testados efeitos da interacdo entre os
polimorfismos genéticos e atividade fisica para a obesidade.

Os parametros antropomeétricos e a atividade fisica foram medidos numa amostra
aleatdria de 645 criancas (321 sexo feminino e 324 sexo masculino) entre os 3-11 anos
de idade, provenientes de varias escolas publicas da regido centro do pais. A atividade
fisica foi medida durante 7 dias com o acelerémetro Actigraph. Os pontos-de-corte do
International Obesity Task Force (IOTF) foram usados para definir obesidade. A
genotipagem dos dois polimorfismos do gene SLC6A4 (5-HTT), 5-HTTLPR e STin2, foi
realizada pela Reacdo em Cadeia da Polimerase (PCR) seguida de eletroforese em gel de
agarose. O SNP FTO rs9939609, foi genotipado por PCR em tempo real com sondas
TagMan. Para os estudos de associagdo, a populagdo foi dividida em dois grupos de
acordo com a idade: um grupo com idade entre os 3-6 anos € um segundo grupo com
idades entre os 7-11 anos. Os individuos com obesidade e excesso de peso foram incluidos
num Unico grupo.

O polimorfismo FTO rs9939609 mostrou uma associacdo estatisticamente
significativa com o IMC Z-Score (P = 0,04) e associacOes marginais foram encontradas
com o IMC (P =0,07) e WHtR (P = 0,07) em criangas com idade entre 7-11 anos. Alem
disso, foi encontrada uma associa¢édo marginal com o risco de excesso de peso/obesidade
(P = 0,087), e uma forte associa¢io com o risco de obesidade abdominal (P = 4,5 x10%)
em criancas com idade 7-11 anos. Quando a populagéo foi estratificada por atividade

fisica, vérias associacOes estatisticamente significativas foram observadas com



pardmetros antropométricos como o IMC (P = 0,02), IMC Z-score (P = 0,027),
circunferéncia da cintura (P = 0,035), WHtR (P = 0,045), pele subescapular (P = 0,015)
e soma de dobras cutaneas (P = 0,046), em individuos ndo ativos com idade entre 7-11
anos. Além disso, o polimorfismo FTO mostrou uma associacdo estatisticamente
significativa com o risco de obesidade (P = 0,037) e obesidade abdominal (P = 0,003) em
individuos inativos, mas ndo em individuos ativos. Em criangas com 3-6 anos de idade
néo foi encontrada qualquer associacdo com obesidade ou parametros antropomeétricos.

Para os dois polimorfismos SLC6A4 (5-HTTLPR e STin2), nenhuma associacao
significativa foi encontrada em ambos os grupos etérios (exceto no grupo 7-11 anos entre
5-HTTLPR e pele subescapular ou pregas suprailiacas; P = 0,02 e P = 0,04,
respetivamente), mesmo quando a populacdo foi dividida em individuos fisicamente
ativos e n&o ativos.

Em conclusdo, o SNP FTO rs9939609 mostrou associacdo com 0 risco de
obesidade e obesidade abdominal em criangas portuguesas, em consonancia com 0s
estudos realizados anteriormente noutras populacdes europeias. Além disso foi observado
um efeito de interacdo entre o gene FTO e a atividade fisica na obesidade. Os nossos
resultados também sugerem que a associacdo entre o gene FTO e a obesidade se torna
evidente apenas apds os 7 anos de idade.

Este trabalho contribuiu para um melhor conhecimento da genética da obesidade
em criangas portuguesas, mas S0 necessarios outros estudos para uma melhor

compreensdo dos fatores genéticos subjacente ao risco de obesidade em criancas.

Palavras-chave: Obesidade Abdominal; Genes FTO; 5-HTTLPR; STin2; Atividade
Fisica
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1- Introduction






1.1. What is obesity?

Obesity is a major public health problem that has experienced an increase in the
world population, and its impact is more salient in more industrialized countries (Xia &
Grant, 2013). According to the definition from the World Health Organization (WHO),
obesity is defined as abnormal or excessive fat accumulation that may impair health. The
most commonly used measure of obesity and overweight is Body Mass Index (BMI),
which is defined as a person’s weight in kilograms divided by the square of the person’s
height in meters (kg/m?). Obesity results from the interaction of several family,
environmental and genetic factors (Srivastava et al., 2016; Xia & Grant, 2013). Numerous
environmental factors are associated with obesity, including sedentary behaviors,
breastfeeding, and sleep duration, just to mention some of them. Nevertheless, it is
generally accepted that this increase in obesity prevalence results mainly from an increase
in the consumption of energy-dense food and, on the other hand, a reduction in physical
activity (PA) levels (Xia & Grant, 2013).

However, it is also clear that some individuals are more susceptible to these
“obesogenic” environmental changes (Sandholt et al., 2012; Tung & Yeo, 2011). Indeed,
studies using monozygotic twins (MZ) and dizygotic twins (DZ) (genetically equal
individuals and individuals sharing 50% similarity respectively) have estimated that the
concordance for fat mass in MZ twins ranges between 70-90% while in DZ twins ranges
between 35-45%, demonstrating that obesity has a great genetic component and that
characteristics such as body weight are strongly hereditary (Tung & Yeo, 2011; Xia &
Grant, 2013). In fact, it is now accepted that obesity constitutes a complex nonmendelian
trait that results from numerous susceptibility loci (Srivastava et al., 2016). Therefore the
identification of obesity-associated loci could enable the ability to distinguish individuals
who have a strong genetic predisposition to obesity, allowing the development of

prevention or treatment strategies (Sandholt et al., 2012)

1.2. Genetics of obesity: the FTO and SLC6A4 genes

Since polygenic obesity is the most common form of obesity (Tung & Yeo,
2011), human genome-wide association studies (GWAS) through the study of thousands
of single nucleotide polymorphisms (SNPs) across all the genome, allowed the

identification of a large number of loci associated with obesity (Speliotes et al., 2010;
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Wen et al., 2012; Loos & Yeo, 2014). The fat mass and obesity-associated (FTO) gene,
located on chromosome 16q12.2, was the first obesity-associated locus identified by
GWAS (Dina et al., 2007; Frayling et al., 2007).

The FTO gene is expressed mainly in the brain and hypothalamus playing a role
in the regulation of energy homeostasis (Tung & Yeo, 2011; Dina et al., 2007). The FTO
gene product is a nuclear protein 2-oxoglutarate Fe (11) dependent demethylase, although
little is known about the physiological function of this protein. Recent studies suggest
that the enzyme can remove methyl groups from DNA and RNA nucleotides in vitro, with
highest affinity for single stranded RNA molecules ( Leonska - Duniec et al., 2016; Loos
& Yeo, 2014; Tung & Yeo, 2011). The FTO gene has been the focus of many studies,
covering a large number of distinct populations of European (Gonzalez-Sanchez et al.,
2009; Hubacek et al., 2008; Loos & Yeo, 2014), African (Adeyemo et al., 2010;
Hassanein et al., 2010; Loos & Yeo, 2014), and Asian (Cha et al., 2008; Chang et al.,
2008; Loos & Yeo, 2014; Tan et al., 2008) ancestries, that have confirmed the association
of FTO with obesity. The SNP rs9939609 located in intron 1 of the FTO gene is the most
widely studied among populations showing the highest levels of association with obesity
and BMI (Xia & Grant, 2013). Each additional minor rs9939609 A risk allele was found
to be associated with a 20%-30% increase in the risk of obesity and 1-1.5 kg increase in
body weight (Frayling et al., 2007). Studies in the Portuguese population also have shown
a strong association between this SNP and obesity in both children and adults
(Albuquerque et al., 2013; Ferreira Carlos et al., 2013; Muc et al., 2015).

It is worth noting that many of the variants discovered showing an association
with obesity are predominantly expressed in the central nervous system (Sandholt et al.,
2012). An example is the serotonin transporter (5-HTT) which is translated by the solute
carrier family 6 member 4 (SLC6A4) gene on chromosome 17g11.2 (Miranda et al., 2017;
Sookoian et al., 2007). The 5-HTT is an integral membrane protein localized in
presynaptic neuronal membranes (Calati et al., 2011), implicated in the transport of
serotonin (5-hydroxytryptamine or 5-HT) from the synaptic cleft into the pre-synaptic
neurons, with the purpose of terminating serotonin action and recycling it (Bah et al.,
2010; Calati et al., 2011). The SLC6A4 gene has two well studied polymorphic regions,
the serotonin transporter linked polymorphic region in the promoter region (5-HTTLPR)
and a variable number of tandem repeats (VNTR) in the second intron (known as STin2)
(Dias et al., 2016).



The 5-HTTLPR polymorphism has two common alleles: a short (S) and a long
(L) with 14 and 16 copies, respectively, of a 20 to 23 base pair (bp) repeat sequence
(Bonnet et al., 2017; Peralta-leal et al., 2012). Individuals homozygous (SS) and
heterozygous (LS) compared to homozygous individuals (LL), have a reduced expression
of SLC6A4, resulting in a reduced reuptake of serotonin from the synaptic cleft into
presynaptic neurons (Peralta-leal et al., 2012). The second SLC6A4 polymorphic region
STin2 is a multiallelic 17-bp VNTR with two common 10 and 12 repeat alleles, and two
rare alleles with 9 and 7 repeats (Lesch et al., 1994; MacKenzie & Quinn, 1999). The
intronic polymorphism STin2 may act as a positive transcriptional regulatory element,
the 12-allele having a higher transcriptional activity (Fiskerstrand et al., 1999; MacKenzie
& Quinn, 1999).

Until now, there is no consensus in the literature about the association with
obesity for 5-HTTLPR polymorphic region. Several studies in different populations have
reported associations of both S and L alleles with obesity or obesity related traits (Bah et
al., 2010; Borkowska et al., 2015; Fuemmeler et al., 2008; lordanidou et al., 2010; Lan et
al., 2009; Miranda et al., 2017; Peralta-leal et al., 2012; Sookoian et al., 2007; Sookoian
et al., 2008), while other reports showed no such associations (Hameed et al., 2015;
Mergen et al., 2007). In the Portuguese population a recent study demonstrated an
association between the 5-HTTLPR L allele and overweight/obesity in a sample of
Portuguese young adults (Dias et al., 2016). Almost all the studies conducted thus far,
have focus mainly on adults. The few studies that have been performed to investigate
association of this variant with obesity in children have shown an association between
the S allele and increased BMI and other obesity-related parameters (Miranda et al., 2017,
Sookoian et al., 2007). Regarding STin2, to our knowledge, only two studies have been
performed to investigate the association between this polymorphism and obesity. The first
study found no significant association between this polymorphism and obesity in Turkish
adults (Uzun et al., 2015) and a second study in Portuguese young adults, showed the

STin2 10 allele and L/10 haplotype associated with overweight/obesity (Dias et al., 2016).

1.3. Gene environment interactions

A gene-environment interaction (GxE) exists where the risk conveyed by a
specific genotype depends on one or more environmental exposure levels. Modulation of

FTO-obesity associations by self-reported physical activity and by diet, the two major
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factors contributing to body weight regulation, are the most replicated gene-
environmental interactions in obesity. Many individual observations in European ancestry
populations suggests that moderate to vigorous physical activity attenuates the effect of
FTO genetic susceptibility to obesity (Albuquerque et al., 2017). It was shown that low
physical activity accentuates the effect of the FTO on obesity risk, as reported in both
adults (Andreasen et al., 2008; Rampersaud et al., 2008) and children (Ruiz et al., 2010;
Xi et al., 2011). Studies in the Portuguese population also have shown the influence of
higher physical activity (sport practice) on the attenuation of the FTO rs9939609 genetic
susceptibility to obesity in young adults (Muc et al., 2015). For the SLC6A4
polymorphisms, a recent study in the Portuguese population showed that in less active
individuals, overweight/obesity was significantly associated with the 5-HTTLPR L-allele
and nominally associated with STin2 10-allele, demonstrating that physical inactivity
accentuates the influence of the SLC6A4 polymorphisms on obesity risk (Dias et al.,
2016). However, to our knowledge no other study conducted thus far assessed for

interactions between SLC6A4 polymorphisms and physical activity on obesity risk.

1.4. Objectives

The main aim of this work was to investigate possible associations between
polymorphisms located at the two loci FTO and SLC6A4 with obesity and obesity-related
variables (weight, BMI, BMI z-score, waist circumference, hip circumference, waist-to-
height ratio, and skinfold measurements) in a sample of Portuguese children aged 3-11
years-old.

In particular, our study aimed:

to investigate the association between the FTO SNP rs9939609 and
overweight/obesity and other anthropometric variables;

to investigate the possible association of the two SLC6A4 polymorphisms, 5-
HTTLPR and STin2, with obesity and other anthropometric variables;

to test for interaction effects between the study polymorphisms and physical

activity in relation to obesity.



2 - Material and methods: fundamentals
and protocols






2.1. Selection of polymorphisms

For this study three polymorphisms of two loci, that have been previously
identified from the literature as being related with obesity or obesity-related traits, were
selected:

- the FTO SNP rs9939609 (position: chr16:53820527), the most widely studied
locus in terms of obesity, that has previously also been associated with obesity and obesity
related traits in both children (Albuquerque et al., 2013) and adults (Muc et al., 2015) of
the Portuguese population;

- the two SLC6A4 (chr17g11.2) polymorphisms STin2 and 5-HTTLPR, that have
been previously associated with obesity in a sample of Portuguese young adults (Dias et
al., 2016).

2.2. Study subjects and anthropometric measures

The study population included 645 Portuguese children (321 females, 324 males;
age 3-11 years old), randomly selected from several public schools in the central region
of Portugal (Coimbra).

This study was conducted under a project approved by the Ministry of Education
- Direccdo Geral de Inovacdo e de Desenvolvimento Curricular. The study was
performed anonymously and according to the guidelines laid down in the Declaration of
Helsinki. Written informed consent was obtained from all children’s parents.

All anthropometric measurements were taken barefoot and in minimal clothing
for weight, height, waist circumference (WC), hip circumference (HC), triceps,
subscapular and suprailiac skinfolds. The following anthropometric variables were
considered for this study:

i) BMI was calculated as the weight in kilograms divided by the square of height
in meters (kg/m?), and was used to classify children as normal weight, overweight or
obese according the age and sex specific BMI cut-off points provided by the International
Obesity Task Force (I0TF).

i) Body mass index z-scores, also called BMI standard deviation (s.d.) scores, are
measures of relative weight adjusted for child age and sex. Given a child’s age, sex, BMI,
and an appropriate standard reference, a BMI z-score (or its equivalent BMI-for-age
percentile) can be determined. It should be noted that BMI z-scores are calculated relative

to an external reference (whether national or international) and not to an internal
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reference. Body mass index Z-scores correspond to growth chart percentiles, and can be
converted into their equivalent BMI-for-age percentiles by comparison to a normal
distribution table (Must & Anderson, 2006).

iii) Waist-to-height ratio (WHtR) constitutes an anthropometric tool used for measuring
central adiposity (body fat), calculated by dividing WC (cm) by height (cm). WHtR has
been gaining more attention and has been described has a more sensitive universal
screening tool than BMI to detect health risks (Yoo, 2016).

iv) Skinfold measurements is a common method to estimate body fat composition of the
body. The sum (mm) of the triceps, subscapular and suprailiac values is then converted
to a percentage of body weight according to age and sex.

2.3. Physical activity measurement

Physical activity (PA) was measured for consecutive 7 days using a wGT3X-BT
Actigraph accelerometer (ActiGraph LLC, Pensacola, FL, USA). This accelerometer is a
triaxial motion sensor and, it is one of the most commonly used devices for assessing PA.
The dimensions of the sensor are 4.6x3.3x1.5 cm with a weight of 19 grams. The
accelerometer was placed on an elastic belt above the right anterior superior iliac spine
and it was selected a sample rate of 100 Hz (range 30—100 Hz). The filtered acceleration
signal is digitized, and the magnitude is summed over a user-specified period of time (an
epoch interval) which was set at 5 seconds as in other studies of children which has been
shown to be more accurate for the assessment of the spontaneous and intermittent
activities of young children. The accelerometer was placed over the hip for seven
consecutive school days. Accelerometer data were electronically downloaded using the
ActiLife 6 software. Subsequently, data were reduced to an Excel file containing
movement counts. The output also included the total time that the accelerometer was worn
(minutes) on each day.

The total amount of daily moderate-to-vigorous physical activity (MVVPA) was
expressed in minutes/day. Participants who did not complete a minimum of 600 minutes
of accelerometer data per day after removing sequences of 20 or more consecutive zero
counts (Andersen et al., 2006; Bringolf-Isler et al., 2009) were excluded from subsequent
analyses.

Data processing and inclusion criteria were the same as in the European Youth
Heart Study (Riddoch et al., 2004), the Avon Longitudinal Study of Parents and Children
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(Riddoch et al., 2007), the National Health and Nutrition Examination (Troiano et al.,
2008), and the Midlands Adolescent Lifestyle Study (Machado-Rodrigues et al., 2014;
Machado-Rodrigues et al., 2011a; Machado-Rodrigues et al., 2011b).

For 6-10 years-old children accelerometer output was interpreted using intensity-
based cut-points, which categorizes activity counts as sedentary, light, moderate, or
vigorous physical activity. Time spent in moderate-to-vigorous physical activity (MVPA)
was calculated using a specific pediatric cut-point for preschool-aged children (Evenson
et al., 2008). Children were classified as active if they accumulated at least 60 minutes of
MVPA, and non-Active if they do not reach these recommended values.

For pre-school children (aged 3-5 years-old) accelerometer output was interpreted
using intensity-based cut-points, which categorizes activity counts as sedentary, light,
moderate, or vigorous physical activity. Time spent in MVPA was calculated using a
specific pediatric cut-point for preschool-aged children (Pate et al., 2006). Children were
classified as active if they accumulated at least 60 minutes of MVPA, and non-Active if

they do not reach these recommended values.

2.4. Genotyping

Buccal swabs of volunteer individuals were submitted to DNA extraction, using
the FavorPrep™ Genomic DNA Mini Kit (Favorgen® Biotech Corp, Taiwan), according
to the instructions of the manufacturer. Briefly, buccal cells were subjected to a lysis
buffer and proteinase K. The lysed sample was transferred to a column containing a silica
resin that selectively binds DNA. The silica membrane with DNA was then washed to
remove impurities (as proteins and salts). The final step in the DNA extraction protocol
is the release of pure DNA from the silica membrane with 50 pl of Elution Buffer. Final
product was transferred and stored at 4°C or -20°C.

Genotyping of the two SLC6A4 (5-HTT) gene polymorphisms, 5-HTTLPR and
STin2, was performed by Polymerase Chain Reaction (PCR) followed by electrophoresis
in 2% agarose gels, visualized under ultraviolet light after ethidium bromide staining.
Primers for the 5-HTTLPR polymorphism are described in Gelernter et al. (1997):
forward JP 5’-ATGCCAGCACCTAACCCCTAATGT-3’and reverse GR 5’-
GGACCGCAAGGTGGGCGGGA-3’. Primers for the STin2 polymorphism are
described in Uzun et al. (2015): forward 5’-GGTCAGTATCACAGGCTGCGAGTAG-
3’ and reverse 5’-TGTTCCTAGTCTTACGCCAGTGAAG-3’. PCR amplification was
performed in 25 pl reaction volume containing ~50 ng of genomic DNA, 1X PCR buffer,
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3.0 mmol MgCly, 0.5 mmol of each dNTP, 10.0 pmol of each primer and 1 unit of Tag
DNA polymerase (Thermo Scientific ™). PCR was carried out in a Biometra
TProfessional Thermocycler (Biometra, Goettingen Germany) as follows: 5 min at 94°C
followed by 35 cycles of denaturation at 94°C for 30sec, annealing at 60°C for 30sec,
extension at 72°C for 30sec, and a final extension of 5 min at 72°C.

For the FTO SNP rs9939609, samples were genotyped by allelic discrimination
assays using the TagMan® SNP Genotyping Assay C_ 30090620 10 (Applied
Biosystems, Foster City, USA). The detection of polymorphisms in the genome through
the real-time polymerase chain reaction, also called quantitative polymerase chain
reaction (QPCR), combines amplification, detection and quantification of a specific
nucleic acid into a single step. Each predesigned TagMan SNP Genotyping Assay
includes two allele-specific TagMan MGB probes containing distinct fluorescent dyes
(dye FAM™ and dye VIC®) to detect specific SNP targets and a PCR primer pair. During
a PCR cycle, the probe hybridizes specifically to the corresponding template, cleaves via
the 5" to 3’ exonuclease activity of Taqg DNA polymerase and subsequently increases the
FAM™ and VIC® fluorescent emissions. Real-time PCR instruments measure the
accumulation of fluorescent signal during the exponential phase of the reaction for precise
quantification of PCR products and objective data analysis.

The qPCR amplification was carried out in 20 pl of a total reaction volume
containing 1.5 pl (~40 ng) of DNA, 0.2 uM of TagMan probes in 1x of SsoFast™ Probes
Supermix (Bio-Rad, Hercules, CA, USA). PCR conditions were an initial denature step
at 95°C for 10 minutes, followed by 40 cycles of 1 minute at 62°C and 15 seconds at
95°C. Fluorescence was visualized through a CFX96 Touch™ Real-Time PCR Detection
System (Bio-Rad, Hercules, CA, USA). To assess genotyping reproducibility, a random
10% selection of samples were re-genotyped or submitted to automatic sequencing by
Sanger’s dideoxy chain termination reaction using the Big-Dye Terminator v1.1 Cycle
Sequencing kit (Applied Biosystems, Foster City, USA) and the ABI 3130 automatic

sequencer (Applied Biosystems).

2.5. Statistical analysis

Genotype and allele frequencies, Hardy-Weinberg equilibrium probability values
were calculated for FTO rs9939609, 5-HTTLPR and STin2 polymorphisms in the whole

population.
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For statistical association analyses the population sample was stratified in two
groups aged 3-6 and 7-11 years-old. Subjects defined as overweight or obese were merged
in one case group. Linear regression models were used to test the association of the
studied polymorphisms with obesity-related quantitative traits height (m), weight (kg),
BMI (kg/m2), BMI z-score, WC (cm), WHtR, triceps (mm), subscapular (mm), suprailiac
(mm) and sum of skinfolds (mm). The association between genotype distributions and
both risk of overweight/obesity and risk of abdominal obesity was tested by logistic
regression, unadjusted and adjusted for sex and age, and presented as odds ratios (OR)
with 95% confidence intervals (CI) and p values. Genotypes with rare variants of the 5-
HTTLPR and STin2 polymorphism were not included in the association analysis due to
their low frequency in the population. All these statistical analyses were done by using
the set-based tests implemented on PLINK software v.1.07 (Purcell et al., 2007;
http://pngu.mgh.harvard.edu/purcell/plink/).

Normality of the quantitative data was assessed using the Kolmogorov-Smirnov
test. The nonparametric Kruskal-Wallis or Mann-Whitney tests were used to compare
quantitative variables between groups. These statistical analyses were performed using
the IBM SPSS Statistics software, version 24.0 (SPSS, Inc., Chicago, IL)
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3 - Results
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3.1. Population characteristics

General characteristics of the study population are summarized in Table 3.1. From
a total of 645 participants, 321 (49.8%) were girls and 324 (50.2%) were boys. Significant
gender-related differences in several anthropometric measurements were observed (P <
0.05). Females showed a significant higher value of triceps, subscapular, suprailiac and
sum of skinfolds. Nevertheless, males showed significant higher values of waist
circumference and waist to height ratio (WHtR) as well as higher values of physical
activity.

According the IOTF cut-offs, the prevalence of excess weight, including
overweight and obesity, reach 18.9% in the study sample. Ninety-nine individuals
(15.3%) were classified as overweight and 23 (3.6%) as obese (81.1 % of subjects were
classified as normal-weight). Boys and girls showed identical prevalence of obesity (3.7%
and 3.4%, respectively) and prevalence of overweight is higher in females (17.1% in girls
and 13.7% in boys) (Table 3.1).

For the genetic association analyses, the study population was divided into two
groups based on age: one group aged 3-6 years-old and a second group aged 7-11 years-
old. Children with 3 to 6 years-old include 241 individuals, 112 girls (46.5%) and 129
boys (53.5%), while children between 7 to 11 years-old include 404 individuals, 209 girls
(51.7%) and 195 boys (48.3%). General characteristics of the population according the
two age groups are detailed in Table 3.2.

Significant age-related differences were observed in the whole population as well
as in males and females, except for BMI z-score (Table 3.2). In almost all characteristics,
children aged 7-11 years-old showed higher values in comparison with individuals aged
3-6 years-old, except for WHtR (Table 3.2). Curiously, children aged 3-6 years-old had
higher values of physical activity, 69.61 vs. 53.35 minutes of moderate-to-vigorous
physical activity (MVPA) per week.
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Table 3.2. General characteristic of the sampled children.

Characteristics

Height (cm)
Weight (kg)
BMI (kg/m?)
BMI z-score
Waist C (cm)
WHtR
Triceps (mm)
Subscapular (mm)
Suprailiac (mm)
Sum of skinfolds (mm)
PA 7d (min)
Normal*
Overweight*

Obese*

Abbreviations: BMI, body mass index; BMI Z-score, body mass index standard deviation;

N
645
645
645
638
643
643
641
641
641
641
436

645

Overall
Mean (+SD)
125.82 (+0.12)
26,54 (£7,12)
16.77 (+2.23)
0.44 (+0.93)
57.36 (+6.09)
0.461 (+0.04)
13.27 (£5.93)
8.82 (£4.93)
9.78 (£6.97)
31.87 (+16.85)
59.5 (+£21.9)
523 (81.1)
99 (15.3)
23 (3.6)

N
321
321
321
318
320
320
319
319
319
319
214

321

Female
Mean (+SD)
124.48 (+0.12)
26.48 (£7.44)
16.81 (+2.38)
0.46 (+0.94)
56.85 (+6.25)
0.458 (+0.04)
14.64 (16.25)
9.59 (£5.44)
10.82 (+7.13)
35.05 (£17.72)
54.31 (+20.46)
255 (79.4)
55(17.1)
11(3.4)

N
324
324
324
320
323
323
322
322
322
322
222

324

Male
Mean (+SD)
125.16 (+0.12)
26.06 (+6.79)
16.72 (+2.07)
0.42 (+0.92)
57.86 (+5.88)
0.464 (+0.04)
11.92 (5.26)
8.05 (+4.23)
8.75 (£6.66)
28.72 (+15.33)
64.51 (£22.12)
268 (82.7)
44 (13.6)
12 (3.7)

WHItR, Waist-to-Height Ratio; Waist C, Waist circumference; PA, physical activity.

Data are presented as mean + standard deviation (SD) for continuous variables and N (%) for
categorical variables (*). Quantitative variables were compared between females and males
through the Mann-Whitney test. Significant results (P <0.05) are in bold.
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Table 3.2. Characteristics of the study population sample stratified according two age groups (3-6 and 7-11 years old) and comparison between the sexes.

Overall Female Male
Characteristics 3-6 years 7-11 years 3-6 years 7-11 years 3-6 years 7-11 years P
N Mean N Mean P N Mean N Mean P N Mean N Mean
(xSD) (xSD) (xSD) (xSD) (xSD) (xSD)
Height (cm) 241 113.38 404 131.49 <0.001 112 112.04 209 130.97 <0.001 129 114.55 195 132.05 <0.001
(+0.08) (+0.08) (+0.08) (+0.08) (+0.08) (+0.08)
Weight (kg) 241 20.95 404 29.87 <0.001 112 20.44 209 29.71 <0.001 129 21.4(+3.83) 195 30.04 <0.001
(+3.83) (+6.51) (43.78) (+6.88) (+6.11)
BMI (kg/m?) 241 16.15 404 17.13 <0.001 112 16.15 209 17.17 0.002 129 16.16(+1.5) 195 17.09 <0.001
(+1.48) (+2.51) (+1.46) (+2.69) (+2.31)
BMI z-score 235 0.40 403 0.46 0.581 109 0.46 (+0.81) 209 0.47 (+0.81) 0.907 126 0.36(+0.88) 194 0.46 (+0.95) 0.408
(+0.85) (£0.98)
Waist C (cm) 240 53.42 403 59.4 <0.001 111 53.13 209 58.82 <0.001 111 54.59 194 60.03 <0.001
(x3.92) (£6.22) (+4.01) (+6.34) (x3.73) (+6.05)
WHtR 240 0.48 403 0.45 <0.001 129 0.47 (¥0.04) 209 0.45 (+0.04) <0.001 129 0.47 (#+0.03) 194 0.45 (+0.04) <0.001
(+0.04) (+0.04)
Triceps (mm) 238 11.22 403 14.49 <0.001 110 12.11 209 15.97 <0.001 128 10.46 194 12.89 <0.001
(+3.64) (+6.65) (+3.82) (+6.86) (£3.29) (+6.05)
Subscapular (mm) 238 7.26 403 9.73 <0.001 110 7.82(+2.79) 209 10.52 0.002 128 6.79(+2.14) 194 8.88(¢5.01)  <0.001
(+2.51) (£5.72) (+6.22)
Suprailiac (mm) 238 7.81 403 10.94 <0.001 110 8.59(+4.43) 209 11.99 <0.001 128 7.14(+3.86) 194 9.81 (+7.81) 0.001
(+4.19) (£7.96) (£7.97)
Sum of skinfolds 238 26.29 403 35.16 <0.001 110 28.52 209 38.48 <0.001 128 24.39 194 31.58 <0.001
(mm) (+9.44) (x19.24) (+9.89) (+19.86) (+8.63) (x17.93)
PA 7d (min) 165 69.61 271 53.35 <0.001 71 63.3 143 49.85 <0.001 94 74.38 128 57.26 <0.001
(+24.84) (+17.25) (+24.31) (+16.62) (+24.29) (+17.16)
Normal * 201 (83.4) 322(79.7)  y2=1.41 91 (81.3) 164 (78.5)  42=0.46 110 (85.3) 158 (81.0)  42=0.98
Overweight * 241  33(13.7) 404 66(19.3) p-ggo3 112 18(16.1) 209 37(177) p=g79p 129 15(11.6) 195 29(149)  pg 612
Obese * 7(2.9) 16 (4.0) 3(2.7) 8(3.8) 4(3.1) 8(4.1)

Abbreviations: BMI, body mass index; BMI Z-score, body mass index standard deviation; WHtR, Waist-to-Height Ratio; Waist C, Waist circumference;
PA, physical activity. Data are presented as mean + standard deviation (SD) for continuous variables and N (%) for categorical variables (*). Quantitative
variables were compared between the two age groups through the Mann-Whitney test. Significant results (P <0.05) are in bold.
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3.2. Population genetics

Genotypes and allele frequencies for the three studied polymorphisms are detailed
in Table 3.3. The genotyping success rate in the total sample of 645 subjects was 96.6%
for 5-HTTLPR and 87.9% for STin2. The FTO SNP was genotyped in 436 subjects with
information for physical activity, with a genotyping success rate of 96.6%. The genotype
distributions in the whole population were in Hardy-Weinberg equilibrium for
polymorphisms FTO SNP rs9939609 (P = 1) and 5-HTTLPR (P = 0.1). Polymorphism
STin2 showed a significant HWE p-value (P = 0.03) that could be explained by the two
rare genotypes (10/9 and 9/9) identified in the sample.

Table 3.3. Genotype and allele frequencies for the three polymorphism 5-HTTLPR, STin2
and FTO in the sample of Portuguese children.

Polymorphisms N (Freq) P HWE
Genotypes Alleles
TT: 163 (0.387) T:0.622
FTO (421) TA: 198 (0.470) A: 0.378 1
AA: 60 (0.143)
LL: 188 (0.302) L: 0.535
General 5-HTTLPR (623) LS: 289 (0.464) S:0.463 0.1
SS: 144 (0.231) Sv: 0.002

population (645)
LSv: 2 (0.003)
12 12: 219 (0.386) 12:0.627
12 10: 267 (0.471) 10: 0.363 0.03
STin2 (567) 10 10: 72 (0.127) 9:0.01
12 9:7(0.012)
109:1(0.002)
99:1(0.002)
Abbreviations: N, number of genotyped samples; Freq, frequency; HWE, Hardy-
Weinberg Equilibrium.
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3.3. Associations with obesity-related quantitative traits

In Tables 3.4, 3.5 and 3.6 we detail the results of the association analysis between
the three polymorphism and obesity-related quantitative traits in the two age groups, 3-6
years-old and 7-11 years-old.

Regarding the 5-HTTLPR polymorphism, a statistically significant association
was found in children aged 7-11 years-old for subscapular and suprailiac skinfold
measures (P = 0.02 and P = 0.04, respectively) (Table 3.4). No other associations were
found in the remaining anthropometric parameters in the overall sample. Moreover, when
the population was split by physical activity, the previous association was lost both in
physical active and non-active individuals (P >0.05). No significant associations were
found in children aged 3-6 years-old.

For the STin2 polymorphisms no statistically significant associations were found
among the analyzed parameters (P >0.05) in both age groups 3-6 years old and 7-11 years-
old, although a near significant association was found in children aged between 7-11
years-old for suprailiac skinfold thickness (P = 0.06) (Table 3.5). Also, when the
population was split by physical activity no significant associations were found both in
active and non-active individuals (P >0.05).

The FTO polymorphism showed a statistically significant association with BMI
Z-score (P = 0.04) in children aged between 7-11 years (Table 3.6). Although no other
significant associations were found, a marginal association was found for WHtR and BMI
(P = 0.07) in the same age group. When we tested association split by physical activity,
statistically significant associations were found for several obesity-related anthropometric
parameters in non-active individuals aged 7-11 years, including for BMI (P = 0.02), BMI
Z-score (P = 0.027), waist circumference (P = 0.035), WHtR (P = 0.045), subscapular
skinfold (P = 0.015) and sum of skinfolds (P = 0.046). No significant associations were
found in children aged 3-6 years in whole sample or in both active and non-active groups
(P >0.05) (Table 3.6).
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Table 3.4. Association of 5-HTTLPR polymorphism with obesity-related quantitative traits.

Trait

3-6 years
N
Height (cm)
Weight (kg)
BMI (kg/m?)
BMI z-score
Waist C (cm)
WHIR
Triceps (mm)

Subscapular (mm)
Suprailiac (mm)
Sum of skinfolds (mm)

7-11 years
N
Height (cm)
Weight (kg)
BMI (kg/m?)
BMI z-score
Waist C (cm)
WHItR
Triceps (mm)

Subscapular (mm)
Suprailiac (mm)
Sum of skinfolds (mm)

LL

61
114.05 (+0.07)
21.15 (+3.19)
16.16 (+1.39)

0.45 (+0.82)
54.33 (+3.57)
0.48 (+0.03)
11.37 (+3.3)
6.98 (+1.92)
7.45 (+3.17)
25.8 (+7.59)

127
131.97 (+0.08)
30.22 (+6.36)
17.23 (+2.46)
0.50 (+0.96)
59.79 (+6.27)
0.45 (+0.04)
14.78 (+6.55)
10.44 (+6.29)
11.47 (+8.32)
36.69 (+20.15)

5-HTTLPR

LS

121
113.22 (+0.09)
20.93 (+3.94)
16.17 (+1.54)
0.25 (+0.88)
53.72 (+4.04)
0.48 (+0.04)
11.41 (+3.82)
7.48 (£2.82)
7.95 (+4.45)
26.84 (+10.09)

168
131.34 (+0.08)
30.07 (+6.84)
17.26 (+2.58)
0.53 (+0.96)
59.41 (+6.07)
0.45 (+0.04)
14.61 (+6.46)
9.59 (+5.38)
10.74 (+7.26)
34.94 (+18.04)

SS

48
112.43 (+0.09)
20.73 (+4.12)
16.19 (+1.32)
0.42 (+0.76)
53.93 (+3.6)
0.48 (+0.03)
10.69 (+3.52)
7.09 (+2.15)
7.81 (+4)
25.59 (+9.09)

96
130.95 (+0.07)
28.97 (+6.36)

16.8 (+2.51)
0.32 (+1)
58.67 (+6.59)
0.45 (+0.04)
13.99 (+7.36)
9 (£5.6)
10.38 (+8.69)
33.38 (+20.51)

230
0.89
0.82
0.94
0.97
0.35
0.58
0.31
0.96
0.92
0.69

391
0.58
0.21
0.14
0.14
0.14
0.27
0.15
0.02
0.04
0.06

P*

66
0.46
0.94
0.76
0.72
0.57
0.09
0.55
0.41
0.56
0.59

171
0.74
0.92
0.31
0.17
0.83
0.44
0.85
0.16
0.64
0.60

Abbreviations: BMI, body mass index; BMI Z-score, body mass index standard
deviation; WHtR, Waist-to-Height Ratio; Waist C, Waist circumference. Data are
presented as mean + standard deviation.
P-values were obtained using the Kruskal-Wallis test. P-values nominally significant (P
< 0.05) are in bold. P* is for non-active individuals and P** is for active individuals.
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P**

94
0.74
0.55
0.73
0.70
0.73
0.81
0.22
0.21
0.43

0.379

91
0.25
0.33
0.95
0.99
0.47
0.58
0.52
0.33
0.36
0.49



Table 3.5. Association of STin2 polymorphism with obesity-related quantitative traits.

Trait

3-6 years
N
Height (cm)
Weight (kg)
BMI (kg/m?)
BMI z-score
Waist C (cm)
WHtR
Triceps (mm)

Subscapular (mm)

Suprailiac (mm)

Sum of skinfolds (mm)

7-11 years
N
Height (cm)
Weight (kg)
BMI (kg/m?)
BMI z-score
Waist C (cm)
WHtR
Triceps (mm)

Subscapular (mm)

Suprailiac (mm)

Sum of skinfolds (mm)

1212

91
113.67 (+0.08)
21.14 (+3.65)
16.22 (+1.48)
0.43 (+0.85)
54.2 (+3.57)
0.48 (+0.03)
10.89 (+3.5)
6.96 (+2.01)
7.81 (+3.97)
25.67 (+8.75)

128
130.87 (+0.08)
29.6 (+6.95)
17.1 (+2.56)
0.45 (+0.98)
59.33 (£6.96)
0.45 (+0.04)
14.26 (+7.36)
9.94 (+6.36)
10.9 (£8.64)
35.11 (+21.46)

STin2
12 10

96
112.25 (+0.08)
20.64 (+3.84)

16.2 (+1.49)
0.47 (+0.86)
53.7 (+3.91)
0.48 (+0.04)
11.57 (+4.06)
7.57 (+2.94)
8.16 (+4.66)
27.29 (+10.68)

171
131.45 (+0.07)
29.58 (£5.79)
17.02 (+2.37)
0.44 (+1.)
59.05 (+5.7)
0.45 (+0.04)
14.39 (+6.48)
9.24 (+5.04)
10.55 (+7.02)
34.18 (+17.27)

1010

32
114.71 (+0.08)
21.63 (+4.39)
16.19 (+1.61)

0.39 (+0.86)
54.36 (+4.84)
0.47 (+0.03)
11.63 (+3.43)
7.48 (+2.68)
8.06 (+4.34)
27.17 (9.86)

40
131.78 (+0.08)
31.93 (£9.11)
18.09 (+3.66)
0.68 (+1.13)
61.09 (+7.32)
0.46 (+0.05)
16.53 (+7.11)
12.14 (+7.93)
13.49 (+10.85)
42.16 (+24.88)

P

219
0.29
0.44
0.83
0.61
0.46
0.81
0.32
0.36
0.78
0.55

339
0.19
0.72
0.89
0.92
0.76
0.17
0.25
0.36
0.06
0.25

P*

61
0.98
0.59
0.18
0.14
0.62
0.77
0.51
0.05
0.25
0.32

145
0.31
0.55
0.60
0.57
0.72
0.23
0.29
0.36
0.44
0.26

Abbreviations: BMI, body mass index; BMI Z-score, body mass index standard
deviation; WHtR, Waist-to-Height Ratio; Waist C, Waist circumference. Data are
presented as mean * standard deviation.
P-values were obtained using the Kruskal-Wallis test. P-values nominally significant (P
< 0.05) are in bold. P* is for non-active individuals and P** is for active individuals.
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P**

94
0.34
0.29
0.57
0.28
0.88
0.30
0.17
0.55
0.48
0.34

78
0.87
0.90
0.73
0.99
0.68
0.46
0.44
0.51
0.78
0.57



Table 3.6. Association of FTO polymorphism with obesity-related quantitative traits.

Trait
3-6 years
N
Height (cm)
Weight (kg)
BMI (kg/m?)
BMI z-score
Waist C (cm)
WHtR
Triceps (mm)

Subscapular (mm)

Suprailiac (mm)

Sum of skinfolds (mm)

7-11 years
N
Height (cm)
Weight (kg)
BMI (kg/m?)
BMI z-score
Waist C (cm)
WHtR
Triceps (mm)

Subscapular (mm)

Suprailiac (mm)

Sum of skinfolds (mm)

TT

61
113.89 (+0.09)
21.28 (+4.22)
16.29 (+1.46)
0.43 (+0.83)
54.14 (+4.27)
0.48 (+0.03)
11.48 (+3.55)
7.39 (+2.55)
8.37 (+4.99)
27.23 (+10.37)

102
131.92 (+0.07)
30.71 (+6.24)
17.51 (+2.43)
0.66 (+0.95)
59.88 (+5.99)
0.45 (+0.03)
15.59 (+6.96)
10.19 (£5.16)
11.59 (+7.65)
37.37 (+18.74)

FTO
TA

75
114.10 (+0.09)
21.77 (+4.11)

16.5 (+1.61)
0.59 (+0.86)
54.94 (+4.1)
0.48 (+0.04)
11.49 (+4.17)
7.51 (+2.62)
8.19 (+4.35)
27.19 (+10.23)

123
132.60 (+0.08)
30.47 (£7)
17.16 (+2.63)
0.44 (+0.95)
59.9 (+6.13)
0.45 (+0.04)
14.47 (+6.29)
9.67 (5.54)
11.19 (+7.54)
35.34 (+18.35)

AA

20
115.72 (+0.06)
22.32 (+2.93)
16.51 (+1.82)

0.69 (+1.04)
55.14 (+4.06)
0.48 (+0.04)
11.67 (+3.79)
8.02 (+4.06)
7.84 (+3.14)
27.54 (+10.06)

40
132.12 (+0.09)
32.3 (+7.98)
18.33 (+3.25)
0.92 (+1.18)
62.38 (+7.95)
0.47 (+0.05)
16.49 (+8.45)
12.39 (+8.78)
14.63 (+11.42)
43.52 (+27.49)

P

151
0.63
0.44
0.78
0.42
0.27
0.74
0.99
0.93
0.99
0.98

265
0.49
0.36
0.07
0.04
0.11
0.07
0.44
0.18
0.32
0.33

P*

81
0.27
0.31
0.41
0.70
0.35
0.52
0.50
0.56
0.29
0.34

164
0.511
0.092
0.020
0.027
0.035
0.045
0.056
0.015
0.087
0.046

Abbreviations: BMI, body mass index; BMI Z-score, body mass index standard
deviation; WHtR, Waist-to-Height Ratio; Waist C, Waist circumference. Data are
presented as mean + standard deviation.
P-values were obtained using the Kruskal-Wallis test. P-values nominally significant (P
< 0.05) are in bold. P* is for non-active individuals and P** is for active individuals.
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P**

76
0.61
0.81
0.50
0.47
0.11
0.09
0.61
0.83
0.50
0.60

82
0.270
0.305
0.405
0.704
0.347
0.521
0.495
0.560
0.292
0.339



3.4. Associations with overweight/obesity

We merged overweight and obese subjects in one group and the association with
overweight/obesity was tested in a case-control model in both groups of children aged 3-
6 years-old (Table 3.7) and 7-11 years-old (Table 3.8), in the whole samples and split by
physical activity.

In the age group 3-6 years-old, the binary logistic regression model, revealed no
statistically significant associations with overweight/obesity (P > 0.05) for both the
SLC6A4 polymorphisms (5-HTTLPR and STin2) or the FTO polymorphism, in the whole
sample as well as in both non-active and active subsamples (Table 3.7).

In children aged 7-11 years-old, logistic regression, in the recessive model,
revealed a marginal association of the FTO rs9939609 A allele with overweight/obesity
(P =0.09) for the whole population (Table 3.8). When the population was split by physical
activity, a statistically significant association with risk of obesity was observed for the
FTO rs9939609 A allele in non-active individuals (OR 2.619; 95% CI, 1.058-6.483; P =
0.037) but not in active individuals (P = 0.99) (Table 3.8). In concordance, in the low
physical activity group, children carrying the homozygous minor allele genotype
rs9939609 AA (N = 24) had a statistically significant higher BMI (18.67+3.21 kg/m?)
compared with non-AA homozygous TT+TA (N = 140) (17.22+2.45 kg/m?) (P = 0.026).
There was no statistically significant difference in the BMI between the rs9939609
genotypes AA vs. TT+TA (P = 0.48) in the group with a high level of physical activity
(N = 11; BMI 16.45+1.98 kg/m? vs. N = 71; BMI 17.05+2.6 kg/m?, respectively). No
significant association was found with overweight/obesity for the 5-HTTLPR and STin2
polymorphisms (P > 0.05) in children aged 7-11 years-old, for the whole sample as well

as in both non-active and active subsamples (Table 3.8).

3.5. Associations with abdominal obesity

We also tested for the association between polymorphisms and risk of abdominal
obesity as defined by a conventional cut-off for WHtR > 0.50. Sixty-nine subjects 3-6
years old and 51 subjects 7-11 years old were classified with abdominal obesity (WHtR
> 0.50).
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Logistic regression showed no statistically significant associations (P > 0.05)
with abdominal obesity in children aged 3-6 years-old for any polymorphic site (Table
3.9).

In children aged 7-11 years-old, a strong significant association with risk of
abdominal obesity was observed for the FTO rs9939609 A allele for the whole sample
(OR 3.93; 95% Cl, 1.83-8.44; P = 4.5x10*) (Table 3.10). When the sample was stratified
according physical activity, the statistically significant association was maintained in
non-active individuals (OR 4.341; 95% CI, 1.65-11.45; P = 0.003) but, in contrast, was
lost in physical active children (P = 0.165). No statistically significant association with
abdominal obesity was found for the SLC6A4 polymorphisms (5-HTTLPR and STin2) in
children aged 7-11 years old, for the whole sample as well as in both non-active and active
subsamples (Table 3.10).
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Table 3.7. Association of polymorphisms in genes SLC6A4 (SHTTLPR and STin2) and FTO (rs9939609) with risk of overweight/obesity in the sample of
Portuguese children aged between 3 and 6 years old.

Groups Locus (N) Alleles Normal OB/OW OR (95% CI) P
N (freq) N (freq)
FTO (156) A 85 (0.357) 30 (0.405) 1.452 (0.5147-4.094) 0.481
T 153 (0.643) 44 (0.595)
5-HTTLPR (230) S 183 (0.477) 34 (0.447) 0.8316 (0.3416-2.025) 0.685
Overall L 201 (0.523) 42 (0.553)
(241) STin2 (219) 10 132 (0.367) 28 (0.359) 1.077 (0.4107-2.824) 0.880
12 228 (0.633) 50 (0.641)
FTO (88) A 45 (0.336) 19 (0.475) 2.857 (0.7948-10.27) 0.108
T 91 (0.664) 21 (0.525)
_ 5-HTTLPR (94) S 71 (0.473) 16 (0.421) 0.3945 (0.08272-1.881) 0.243
Active L 79 (0.527) 22 (0.579)
(97) STin2 (94) 10 51 (0.342) 13 (0.325) 0.6263 (0.127-3.088) 0.565
12 97 (0.658) 27 (0.675)
FTO (60) A 40 (0.408) 8 (0.364) 0.0000002364 (0-inf) 0.998
T 58 (0.592) 14 (0.636)
5-HTTLPR (66) S 54 (0.491) 11 (0.5) 1.344 (0.308-5.863) 0.694
Non-active L 56 (0.509) 11 (0.5)
(67) STin2 (61) 10 38 (0.373) 9 (0.45) 1.344 (0.2398-7.53) 0.737
12 64 (0.657) 11 (0.55)

Data are presented as mean + standard deviation
Abbreviations: OB/OW, obese/overweight; freq, frequency; OR, odds ratio; Cl, confidence interval; N, number of samples/alleles The OR and p
values were obtained by logistic regression under a recessive model. The nominal significant results (p<0.05) are in bold and underlined.
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Table 3.8. Association of polymorphisms in genes SLC6A4 (SHTTLPR and STin2) and FTO (rs9939609) with risk of overweight/obesity in the
sample of Portuguese children aged between 7 and 11 years old.

Groups Locus (N) Alleles Normal oB/oOwW OR (95% Cl) P
N (freq) N (freq)
FTO (265) A 146 (0.374) 57 (0.407) 1.855 (0.913-3.767) 0.087
T 244 (0.626) 83 (0.593)
Overall 5-HTTLPR (391) S 288 (0.463) 72 (0.45) 0.946 (0.532-1.683) 0.851
(404) L 334 (0.537) 88 (0.55)
STin2 (339) 10 194 (0.363) 57 (0.396) 1.707 (0.820-3.553) 0.152
12 340 (0.637) 87 (0.604)
FTO (82) A 47 (0.351) 11 (0.367) 0.991 (0.191-5.142) 0.991
T 87 (0.649) 19 (0.633)
5-HTTLPR (91) S 77 (0.5) 11 (0.393) 0.391 (0.081-1.889) 0.242
Active L 77 (0.5) 17 (0.607)
(94) STin2 (78) 10 48 (0.364) 10 (0.417) 1.867 (0.4293-8.116) 0.405
12 84 (0.636) 14 (0.583)
FTO (164) A 93 (0.375) 37 (0.463) 2.619 (1.058-6.483) 0.037
T 155 (0.625) 43 (0.537)
5-HTTLPR (171) 120 (0.458) 36 (0.45) 1.122 (0.492-2.557) 0.783
Non-active L 142 (0.542) 44 (0.55)
(177) STin2 (145) 10 88 (0.4) 29 (0.414) 1.862 (0.634-5.469) 0.258
12 132 (0.6) 41 (0.586)

Data are presented as mean + standard deviation
Abbreviations: OB/OW, obese/overweight; freq, frequency; OR, odds ratio; Cl, confidence interval; N, number of samples/alleles The OR and p
values were obtained by logistic regression under a recessive model. The nominal significant results (p<0.05) are in bold and underlined.
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Table 3.9. Association of polymorphisms in genes SLC6A4 (5SHTTLPR and STin2) and FTO (rs9939609) with risk of abdominal obesity in the
sample of Portuguese children aged between 3 and 6 years old.

Groups Locus (N) Alleles Normal Abdominal OR (95% Cl) P
N (freq) N (freq)
FTO (155) A 76 (0.362) 38 (0.38) 0.886 (0.319-2.463) 0.817
T 134 (0.638) 62 (0.62)
Overall 5-HTTLPR (229) S 150 (0.4601) 65 (0.492) 1.538 (0.7799-3.034) 0.214
(240) L 176 (0.5399) 67 (0.508)
STin2 (218) 10 112 (0.366) 47 (0.361) 0.908 (0.3954-2.087) 0.821
12 194 (0.634) 83 (0.639)
FTO (87) A 35 (0.324) 28 (0.424) 1.199 (0.3472-4.141) 0.774
T 73 (0.676) 38 (0.576)
Active 5-HTTLPR (93) S 53 (0.457) 32 (0.457) 1.068 (0.3712-3.073) 0.903
(97) L 63 (0.543) 38 (0.543)
STin2 (93) 10 40 (0.351) 23 (0.319) 0.427 (0.1091-1.673) 0.222
12 74 (0.649) 49 (0.681)
FTO (60) A 41 (0.418) 7 (0.318) 0.0000236 (0-inf) 0.998
T 57 (0.582) 15 (0.682)
Non-active 5-HTTLPR (66) S 54 (0.4909) 11 (0.5) 1.344 (0.308-5.863) 0.694
(67) L 56 (0.5091) 11 (0.5)
STin2 (61) 10 38 (0.373) 9 (0.45) 1.344 (0.239-7.530) 0.737
12 64 (0.627) 11 (0.55)

Data are presented as mean + standard deviation
Abbreviations: freq, frequency; OR, odds ratio; Cl, confidence interval; N, number of samples/alleles The OR and p values were obtained by
logistic regression under a recessive model. The nominal significant results (p<0.05) are in bold and underlined.
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Table 3.20. Association of polymorphisms in genes SLC6A4 (SHTTLPR and STin2) and FTO (rs9939609) with risk of abdominal obesity in the

sample of Portuguese children aged between 7 and 11 years old.

Groups Locus (N) Alleles Normal Abdominal OR (95% Cl) P
N (freq) N (freq)
FTO (264) A 158 (0.353) 45 (0.549) 3.929 (1.830-8.436) 4.5 x 10*
T 288 (0.646) 37 (0.451)
Overall 5-HTTLPR (390) S 316 (0.465) 44 (0.44) 0.962 (0.481-1.927) 0.914
(403) L 364 (0.535) 56 (0.56)
STin2 (339) 10 215 (0.368) 36 (0.383) 1.667 (0.716-3.879) 0.236
12 369 (1.632) 58 (0.617)
FTO (81) A 51 (0.34) 7 (0.583) 3.667 (0.585-22.97) 0.165
T 99 (0.66) 5 (0.417)
Active 5-HTTLPR (90) S 76 (0.458) 10 (0.714) 4.2 (0.8658-20.37) 0.075
(93) L 90 (0.542) 4 (0.286)
STin2 (78) 10 52 (0.361) 6 (0.5) 2.773 (0.4516-17.02) 0.271
12 92 (0.639) 6 (0.5)
FTO (164) A 100 (0.362) 30 (0.577) 4.341 (1.646-11.45) 0.003
T 176 (0.638) 22 (0.423)
Non-active (177) 5-HTTLPR (171) S 133 (0.456) 23 (0.46) 1.332 (0.5123-3.462) 0.557
L 159 (0.544) 27 (0.54)
STin2 (145) 10 100 (0.413) 17 (0.354) 1.092 (0.2882-4.136) 0.897
12 142 (0.587) 31 (0.646)

Data are presented as mean + standard deviation
Abbreviations: freq, frequency; OR, odds ratio; CI, confidence interval; N, number of samples/alleles The OR and p values were obtained by
logistic regression under a recessive model. The nominal significant results (p<0.05) are in bold and underline.
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4- Discussion
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In this study we investigated in a sample of Portuguese children the possible
associations with several obesity-related parameters, the risk of overweight/obesity and
abdominal obesity for the FTO polymorphism rs9939609 and the two SLC6A4 variants 5-
HTTLPR and STin2. Moreover, we also tested for interaction effects between the study

polymorphisms and physical activity in relation to obesity.

4.1. SLC6A4 polymorphisms

For the 5-HTTLPR polymorphism, we found a statistically significant association
with two skinfold measurements (subscapular P = 0.02 and suprailiac P = 0.04) in children
aged 7-11 years-old. No other associations were found between 5-HTTLPR and the
remaining anthropometric variables in both age groups 3-6 years-old and 7-11 years-old.
Moreover, when tested for the association with overweight/obesity and risk of abdominal
obesity no significant results were found for 5-HTTLPR.

To our knowledge, this is the first study in Portuguese children testing for the possible
association of the 5-HTTLPR polymorphism with obesity. Previous works in children from
other populations, found that S allele carriers were associated with a higher risk of obesity.
A study by Sookoian et al. (2007) reported that Argentinean children/adolescents with the S
allele presented a greater risk of being obese/overweight, and a recent study by Miranda et
al. (2017) demonstrated that Brazilian children homozygotes (SS) had higher anthropometric
parameters and higher food intake than homozygous (LL).

Most association studies between 5-HTTLPR and obesity were conducted in adults
and found significant association between the S allele and obesity. A study by lordanidou et
al. (2010) found that the 5-HTTLPR S allele was strongly associated with the presence of
T2D in Greeks independent of obesity status, but failed to demonstrate an association with
obesity. Other study of Sookoian et al. (2008) found an association between the S allele and
obesity in young adult men, similar to their previous work in children (Sookoian et al., 2007).
Another study in young adults, reported a strong association between the 5-HTTLPR S allele
and BMI (Fuemmeler et al., 2008). Furthermore, Lan et al (2009) demonstrated that the SS
genotype was associated with a significant increase in BMI and risk obesity in non-elderly,
but not in elderly patients with stroke. However, some studies found no such association
results between 5-HTTLPR and categories of BMI. Mergen et al. (2007) found no significant
association between the 5-HTTLPR and obesity in Turkish adults, and Hameed et al. (2015)

failed to find any association with T2D and obesity in the Pakistani population. On the other
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hand, Bah et al. (2010) showed opposite results in significant associations, as they reported
homozygotes SS to be more frequent in underweight subjects. Also Peralta-leal et al. (2012)
showed a direct association between BMI and the L allele, similar to Borkowska et al. (2015)
that found the L allele associated with obesity in Polish adults. Interesting enough, in the
same work, they detect that the S allele was associated with the development of depressive
temperament. Finally, in a recent work conducted in Portuguese young adults, an association
between L-allele and risk of obesity was also found, but only in less active individuals (Dias
etal., 2016)

The association of 5-HTTLPR polymorphism with obesity has been largely
investigated because of its role in controlling serotonin transmission in regions of the brain
associated with mood regulation, ingestion of food, energy expenditure and weight
adjustment (Borkowska et al., 2015). Authors of the studies that found the L allele associated
with obesity, argue that the S allele is associated with higher availability of 5-HT in central
serotonergic synapses, which should intensify satiety, reducing food intake and inducing
lower BMI and fat mass (Peralta-leal et al., 2012).

For the STin2 polymorphism, located in the second intron of the SLC6A4 gene, the
present study reports no significant association with obesity-related quantitative traits, risk
of overweight/obesity or abdominal obesity in both age groups of children, even when
stratified by physically activity. Our study is the first to test for the possible association
between SLC6A4 STin2 polymorphism and obesity in Portuguese children. Only two studies
until now have tested this polymorphism for association with obesity, and none have used
children. Uzun et al. (2015) found no significant effects on Turkish adults. Dias et al. (2016)
found no significant association in a population sample of Portuguese young adults, but
when stratified by physical activity a significant association was observed between the STin2
10 allele and overweight/obesity in less active subjects.

When the study population was stratified by physical activity no significant
association results were found between the SLC6A4 polymorphisms (5-HTTLPR and
STin2) and obesity risk in non-active or active subjects in both children aged 3-6 years or 7-
11 years. Thus, our study revealed no interaction effects between physical activity and the
SLC6A4 polymorphisms (5-HTTLPR and STin2) on obesity risk, which is in contrast with
results obtained in Portuguese young adults where physical activity seems to accentuate the
influence of SLC6A4 polymorphisms on risk of obesity (Dias et al., 2016). However, no

other study conducted thus far assessed for interactions between SLC6A4 polymorphisms
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and physical activity on obesity risk to allow for comparisons with data from other
populations.

4.2. FTO rs9939609 polymorphism

The FTO gene has been the focus of several studies, and its strong association with
obesity has been confirmed in European and other different populations (Albuguerque et al.,
2013; Gonzéalez-Sanchez et al., 2009; Hubacek et al., 2008; Loos & Yeo, 2014). In children
aged 7-11 years old, we have found significant association of the FTO SNP rs9939609 with
only one anthropometric measure (BMI Z-sore P = 0.04) for the whole group, in contrast
with a report of Albuquerque et al. (2013) that found associations with several obesity related
parameters in a previous study in Portuguese children. In contrast, a recent report in
Portuguese children showed that the FTO rs9939609 polymorphism has no effect, or
eventually a recessive very weak increasing on BMI z-score (Almeida et al., 2018).
Nevertheless, some studies in other populations have reported no association results between
FTO SNPs and obesity related quantitative traits (H. Li et al., 2008; Ohashi et al., 2007).

When testing for the risk of overweight/obesity in the whole sample, we found a
marginal association between the FTO polymorphism and overweight/obesity in children
aged 7-11 years-old (P = 0.087). Albuquerque et al. (2013) reported in Portuguese children
a significant association between the FTO rs9939609 AA genotype with obesity (P = 0.026)
but not with overweight. Similarly, previous studies performed in other European
populations reported the association of FTO rs9939609 A-allele with obesity (Dina et al.,
2007; Frayling et al., 2007; Gonzalez-Sanchez et al., 2009; Scuteri et al., 2007).

The rs9939609 polymorphism is the most replicated polymorphism associated with
obesity across the world. We failed to find strong significant associations in our study
general population of children which could be due to the low statistical power (because of a

low sample size, low carrier cases frequency or small genetic effects).

4.3. Gene Vs. Physical Activity interaction

When the study population was stratified by physical activity, we found statistically
significant associations for several obesity-related traits in non-active individuals aged 7-11
years-old. Moreover, in the same age stratus, a statistically significant association was found
between rs9939609 and the risk of overweight/obesity (P = 0.037) as well as for BMI
between AA vs. TT+TA genotypes (P = 0.026). This provides evidence that physical
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inactivity accentuates the influence of FTO gene on the risk of obesity, as described in
previous studies for adults and adolescents (Ahmad et al., 2013; Kilpeldinen et al., 2011,
Kim et al., 2016; S. Li et al., 2010; Muc et al., 2015). The meta-analysis by Kilpeldinen et
al. (2011) showed that the effect of FTO rs9939609 on BMI, waist circumference, body fat
percentage and obesity risk is approximately 30% lower in physically active than in
sedentary adults, but no such interaction was observed for children and adolescents. In a
previous study, Lee et al. (2010) showed that in a low physical activity subgroup of 7 to 10
years-old children of Korean ethnicity, rs9939609 A allele carriers had a higher BMI than
TT carriers (P=0.0147). Thus, to our knowledge, our study is the first clearly suggesting in
children of European ancestry an interaction effect between the FTO genotype and physical

activity on obesity.

4.4. Association with abdominal obesity

In our study we also tested association for the risk of abdominal obesity, which is
more strongly correlated with metabolic risk factors in children than BMI, as indicated by
higher value of WHtR (Khoury et al., 2013). We report a strong association between the
FTO SNP rs9939609 and risk of abdominal obesity (OR 3.93) in children aged 7-11 years-
old, and that the FTO influence on risk of abdominal obesity seems to increase in non-
physical active individuals (OR 4.341) as previous observed for obesity. However, to our
knowledge no other study conducted thus far assessed for associations between FTO
rs9939609 polymorphisms and risk of abdominal obesity.

4.5. Age-related associations

Interestingly, we noted that the associations between the FTO polymorphism and risk
of obesity changed across the two age groups. Several significant associations were found
in children aged 7-11 years-old in the non-active group (as well as a marginal association in
the whole population), while in children aged 3-6 years-old no such associations were found.
This age-dependent association was previously reported in a longitudinal study showing that
the association of FTO rs9939609 with BMI and weight increases during childhood up to
age 20 years and then weakened during later adulthood (Hardy et al., 2010). Also a study
revealed that the FTO genotype only influence BMI after the age of 7 years (Hakanen et

al., 2009). A recent study in Chinese individuals revealed that association between FTO
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rs9939609 and obesity-related traits may change from childhood to adolescence, and the
association may start as early as age 12 years (Zhang et al., 2014).

Also, our results revealed that, at least in Portuguese children, the two SLC6A4
polymorphisms do not have the same effect on risk of obesity than in adults as reported in
Dias et al. (2016). This result could be related with age of individuals under study since the
5-HTTLPR effects in obesity have been previous described to be age dependent (Lan et al.,
2009).
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5- Conclusion
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Our results replicate, at least in non-active individuals, the well-known association,
both in children and adults, between the FTO rs9939609 polymorphism and obesity or
obesity-related parameters. We observed an interaction effect between the FTO gene and
physical activity in obesity, since genetic associations were observed in non-active but not
in active subjects. This result is in accordance with previous studies, both in children and
adults, suggesting that that moderate to vigorous physical activity attenuates the effect of
FTO genetic susceptibility to obesity.

We also observed that the FTO rs9939609 association with risk of obesity is age-
dependent. Children aged 7-11 years-old showed associations with risk of obesity,
abdominal obesity and several obesity related parameters, but such significant results were
not observed in children aged 3-6 years-old. Thus, our results suggest that the association
between FTO gene and obesity becomes evident only after 7 years-old, as observed in
previous studies.

It was not possible to replicate previous results in children regarding the association
of 5-HTTLPR polymorphism with risk of obesity. Possible explanations could be the low
statistical power, age differences on the analysed samples or ethnicity.

Although being a small population-based genetic association study, focusing only in
three candidate polymorphisms from two genes, we fell that our findings contribute to the
knowledge of the genetic obesity in Portuguese children, replicating previous data observed
in other European populations. Further research on the role of the SLC6A4 gene on obesity
risk, with longitudinal studies in children and considering the impact of environmental
factors such as physical activity should be improved.
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