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Life

Life is an opportunity, benefit from it.
Life is beauty, admire it.

Life is a dream, realize it.

Life is a challenge, meet it.

Life is a duty, complete it.

Life is a game, play it.

Life is a promise, fulfill it.

Life is sorrow, overcome it.

Life is a song, sing it.

Life is a struggle, accept it.

Life is a tragedy, confront it.

Life is an adventure, dare it.

Life is luck, make it.

Life is too precious, do not destroy it.
Life is life, fight for it.

(Mother Teresa)
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Utam sordn kalandjaim magam vagyok
tulajdonsdgaim ésszessége,

tovabb kell mennem. Messze a cél.

A cél: a kaland, én vagyok.

(Varga Daniel)
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ABSTRACT

Introduction. Obesity is defined as an abnormal or excessive accumulation of fat that
may impair health according to World Health Organization (WHO). Around the world it
is every time more and more extended implying public health, economical and
aesthetic problems. Researchers are trying to find the solution for the treatment or the
prevention from different approaches such as diet, exercise, surgery, psychology,
sociology what also shows its multifactorial causation. The genetic background of
obesity has been proved by family and twin studies and up to date hundreds of genes
have been identified to be related. However, today’s knowledge explains only a small
part of the development of obesity far from the 40-70% estimated for genetic
influence on BMI. Obviously environmental factors are essential for weight loss and
the prevention of obesity, but genetic information might help designing interventions

in the future.

Objectives. The objective of the present thesis was to study the influence of previously
suggested candidate genes related to obesity on body weight and body composition
variables, during and after a weight loss intervention. The main objective of the studies
I and Il was to examine if there were differences among genotype groups of the ADRB2
(GIn27Glu), ADRB3 (Trp64Arg), LEPR (GIn223Arg and Lys656Asn), and PPARG
(Prol12Ala) genes during a controlled intervention in body weight, body mass index
(BMI), fat mass, percentage fat, android fat or visceral adipose tissue. The secondary
objective of the studies | and Il was to evaluate the influence of these polymorphisms
on baseline variables, body mass index and percentage fat. The objective of study llI

was to examine differences between MCT1 (Glu490Asp/T1470T) genotype groups in
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body weight, BMI, percentage fat and percentage fat free mass. The objective of the
study IV was to observe differences among genotype groups of the ADRB2 (GIn27Glu),
ADRB3 (Trp64Arg), LEPR (GIn223Arg and Lys656Asn), MCT1 (Glu490Asp/T1470T) and
PPARG (Prol12Ala) genes 3 years after a free living follow up in body weight, BMI, fat

mass and percentage fat.

Research design. This thesis is part of de Programas de Nutricion y Actividad Fisica
para el Tratamiento de la Obesidad (PRONAF) project carried out in Spain. The PRONAF
project was a clinical trial including 22-week long controlled exercise and diet program.
The weight loss intervention for overweight and obese participants applied a
hypocaloric diet and aimed to compare different exercise protocols (supervised:
strength, endurance, combined strength and endurance and non-supervised: physical
activity recommendations) in order to see which is the most effective. Strengthening
the project, genetic polymorphisms related to obesity phenotypes were incorporated

too.

Results. Glu27 carriers of the ADRB2 gene in the supervised men group reduced
weight and BMI more than the non-carriers (p=0.019, 2.52 kg and p=0.019, 0.88 kg/m?).
Non-supervised women carrying of the Arg64 allele of the ADRB3 gene ended up with
higher fat mass values than non-carriers after the intervention (p=0.004, 7.22 kg). No
differences were seen for body weight and body composition changes for the LEPR
polymorphisms. Women non-supervised carriers of the Alal2 allele of the PPARG gene
reduced visceral adipose tissue (VAT) less than non-carriers (p=0.024, 0.32 kg). No
differences were found at baseline comparisons. Female non-carriers of the Glu490

allele of the MCT1 gene reduced weight and BMI more than Glu490 allele carriers
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(p=0.004, 3.88 kg, effect size (ES) moderate and most likely positive and p=0.00037,
1.48 kg/m®, ES large and most likely positive). In the female non-supervised group
Glu490 allele carriers of the MCT1 gene ended up with higher values of percentage fat
(p=0.025, 1.94%), while the contrary in men, Glu490 allele carriers reduced fat more
(p=0.037, 1.87%). In women non-carriers of the Glu490 allele of the MCT1 gene
finished the program with higher percentage fat free mass values than the carriers of
the Glu490 allele (p=0.005, 2.76%, ES small and possibly negative). In the follow up
study, carriers of the Arg64 allele of the ADRB3 gene in men regained more weight and
increased BMI more than non-carriers, however effect size was unclear. Male carriers
of the Arg223 allele of the LEPR gene had higher percentage fat values than non-
carriers, however effect size also was unclear. No other differences were seen

between polymorphisms and follow up phenotypes.

Conclusions. Conclusions of study I: The GIn27Glu polymorphism of the ADRB2 gene
does not seem to influence weight or body composition changes. Arg64 allele of the
ADRB3 gene in women might be disadvantageous in reducing fat mass and fat
percentage during a weight loss program. Conclusions of study Il: The GIn223Arg
polymorphism and the Lys656Asn polymorphism of the LEPR gene does not seem have
effect on influence weight or body composition changes. Alal2 allele might imply
difficulty in losing visceral adipose tissue. The ADRB2 GIn27Glu, the ADRB3 Trp64Arg,
LEPR GIn223Arg and Lys656Asn polymorphisms are not likely to influence baseline
obesity phenotypes. Conclusions of study lll: Carrying the Glu490 allele of the MCT1
gene might be related to smaller reductions in weight and BMI after a weight loss
program. The Glu490 allele might be disadvantageous for women to lower percentage

fat, but advantageous for men. Finally, the conclusions of the study IV: The Arg64 allele
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of the ADRB3 gene might be disadvantageous in weight maintenance in men. The
Arg223 allele of the LEPR gene might facilitate body fat recovery in free-living
conditions in men. The ADRB2 GIn27Glu, the LEPR Lys656Asn, MCT1 GIlu490Asp,
PPARG Prol12Ala polymorphisms do not seem to influence body weight or fat regain

after a 3 year follow up.

Our results suggest that some of these polymorphism might affect body weight and
body composition during a weight loss intervention and during subsequent 3-year long

follow up, however these effects are not determinant and results should be replicated.

XXXII



RESUMEN

Introduccidn. La obesidad se define como una acumulacién anormal o excesiva de
grasa que puede perjudicar la salud segun la Organizacion Mundial de la Salud. En todo
el mundo se extiende cada vez mas, lo que implica problemas de salud publica,
econdmicos y estéticos. Los investigadores estdn tratando de encontrar la solucién
para el tratamiento y la prevencién de diferentes enfoques como la dieta, el ejercicio,
la cirugia, la psicologia, la sociologia, lo que también muestra su causalidad
multifactorial. Las bases genéticas de la obesidad han sido demostradas por estudios
de familias y gemelos y hasta la fecha se han identificado cientos de genes
relacionados. Sin embargo, el conocimiento de hoy sdélo explica una pequefia parte del
desarrollo de la obesidad, lejos del 40-70% estimado para la influencia genética en el
indice de masa corporal. Obviamente, los factores ambientales son esenciales para la
pérdida de peso y la prevencion de la obesidad, pero la informacién genética podria
ayudar a disefiar intervenciones en el futuro.

Objetivos. El objetivo de la presente tesis fue estudiar la influencia de genes
candidatos previamente sugeridos relacionados con la obesidad en el peso corporal y
las variables de composicidon corporal, durante y después de una intervencién de
pérdida de peso. El objetivo principal de los estudios | y Il fue examinar si habia
diferencias entre los grupos de genotipo de los genes ADRB2 (GIn27Glu), ADRB3
(Trp64Arg), LEPR (GIn223Arg y Lys656Asn) y PPARG (Prol2Ala) durante una
intervencion controlada en peso corporal, indice de masa corporal, masa grasa,
porcentaje de grasa, grasa androide o tejido adiposo visceral. El objetivo secundario de

estos estudios fue evaluar la influencia de estos polimorfismos sobre las variables
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basales, el indice de masa corporal (IMC) y el porcentaje de grasa. El objetivo del
estudio Il fue examinar diferencias entre grupos genéticos del polimorfismo MCT1
(Glu490Asp/T1470T) en peso corporal, IMC, porcentaje de grasa y porcentaje de masa
magra. El objetivo principal del estudio IV fue observar las diferencias entre los grupos
genéticos de los genes ADRB2 (GIn27Glu), ADRB3 (Trp64Arg), LEPR (GIn223Arg vy
Lys656Asn), MCT1 (Glu490Asp) y PPARG (Pro12Ala) durante un seguimiento de 3 afios

en peso corporal, IMC, masa grasa y porcentaje de grasa.

Diseno de la investigacion. Esta tesis es parte del proyecto de Programas de Nutricion
y Actividad Fisica para el Tratamiento de la Obesidad (PRONAF) realizado en Espafia. El
proyecto PRONAF fue un ensayo clinico que incluyéd un programa controlado de
ejercicio y dieta de 22 semanas de duracidén. La intervencion de pérdida de peso para
participantes con sobrepeso y obesidad aplicd una dieta hipocaldrica y tuvo como
objetivo comparar diferentes protocolos de ejercicio (supervisado: fuerza, resistencia,
fuerza combinada y resistencia y no supervisado: recomendaciones de actividad fisica)
para ver cual es el mas eficaz. Fortaleciendo el proyecto, se incorporaron
polimorfismos genéticos relacionados con la obesidad.

Resultados. Portadores del Glu27 del gen ADRB2 en el grupo supervisado de hombres
reducieron el peso corporal y el IMC mas que los no-portadores (p=0.019, 2.52 kg y
p=0.019, 0.88 kg/mz). Mujeres no-supervisadas con el alelo Argb64 del gen ADRB3
terminaron el programa con valores mayores en masa grasa que los no portadores
(p=0.004, 7.22 kg). No habia diferencias en cambio de peso o composicion corporal en
los polimorpfismos de LEPR. Mujeres no-supervisadas con el alelo Alal2 del gen PPARG
bajaron el tejido adiposo visceral menos que los no-portadores (p=0.024, 0.32 kg). No

se encontraron diferencias en las comparaciones de los valores basales. Mujeres no-
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portadores del alelo A del gen MCT1 bajaron el peso y el IMC mas que los portadores
(p=0.004, 3.88 kg, tamafio del efecto moderado y lo mds probable positivo y
p=0.00037, 1.48 kg/m?, tamafio del efecto grande y lo mas probable positivo). Dentro
de las mujeres no-supervisadas portadoras del alelo A del gen MCT1 terminaron el
programa con valores mayores de porcentaje de grasa (p=0.025, 1.94%), pero el
contrario en hombres, los portadores del alelo A bajaron mas el porcentaje de grasa
(p=0.037, 1.87%). Mujeres no portadoras del alelo A del gen MCT1 acabaron la
intervenciéon con mas porcentaje de masa magra que los portadores (p=0.005, 2.76%,
tamafio del efecto pequefio y possible negativo). En el estudio de seguimiento,
portadores del alelo Arg64 del gen ADRB3 en hombres recuperaron mas peso e
incrementaron el IMC mas que los no-portadores, aunque el tamafio del efecto fue
dudoso. Hombres con el alelo Arg223 del gen LEPR tuvieron valores de porcentaje de
grasa mayores que los no-portadores aunque el tamano del efecto fue dudoso
también. No se encontraron otras diferencias entre polimorfismos y fenotipos del

seguimiento.

Conclusiones. Conclusiones del estudio I: El polimorfismo GIn27Glu del gen ADRB2 no
parece influir los cambios de peso corporal o composicién corporal. El alelo Arg64 del
gen ADRB3 en mujeres puede ser desventajoso para reducir masa grasa y porcentaje
de grasa durante un programa de pérdida de peso. Conclusiones del estudio IlI: Los
polimorfismos GIn223Arg y Lys656Asn del gen LEPR no parecen influir en los cambios
de peso corporal o composicion corporal. El alelo Alal2 del gen PPARG podria implicar
dificultad en perder tejido adiposo visceral. No es probable que los polimorfismos
ADRB2 GIn27Glu, ADRB3 Trp64Arg, LEPR GIn223Arg y Lys656Asn influyen fenotipos

basales relacionados a la obesidad. Conclusiones del estudio Ill: Tener el alelo Glu490
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del gen MCT1 puede ser relacionada a reducciones menores en peso corporal y IMC
después de un programa de pérdida de peso. El alelo Glu490 puede ser desventajoso
para mujeres para bajar porcentaje de grasa, pero ventajoso para hombres.
Finalmente, las conclusiones del estudio IV: El alelo Arg64 del gen ADRB3 puede ser
desventajoso en mantener el peso corporal. El alelo Arg223 del gen LEPR puede
facilitar la recuperacidon de grasa corporal durante el seguimiento en hombres. Los
polimorfismos ADRB2 GIn27Glu, LEPR Lys656Asn, MCT1 Glu490Asp y PPARG Prol12Ala
no parecen influir la recuperacion de peso corporal o masa grasa después de un

seguimiento de 3 anos.

Nuestros resultados sugieren que algunos de estos polimorfismos pueden afectar el
peso corporal y la composicion corporal durante una intervencién de pérdida de peso
y durante el seguimiento posterior de 3 afos, sin embargo estos efectos no son

determinantes y deben ser replicados.
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1. INTRODUCTION
1.1. Obesity

1.1.1. What is obesity?

The definition of the World Health Organization (WHO) of obesity is: “Overweight and
obesity are defined as abnormal or excessive fat accumulation that may impair health”
(WHO 2016). The epidemic of our era is getting frightening around the world. Figure 1
shows obesity prevalence in different countries and it is still increasing. It is not any
more the problem of the developed, high-income countries, but developing, medium-
and low-income countries are suffering too. It is well known that it is not only an
aesthetic problem, but goes together with serious comorbidities ,such as
cardiovascular diseases, diabetes, musculoskeletal disorders, some cancers and
psychological problems (Costa-Font and Gil 2005; Varela-Moreiras et al. 2013), poorer
quality of life and reduced life expectancy (WHO 2016). Overweight and obesity are

linked to more deaths worldwide than underweight (WHO 2016).
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Figure 1. Overweight and obesity prevalence in 2013 (both sexes, age +20 years)

Source: Institute for Health Metrics and Evaluation (http.//vizhub.healthdata.org/obesity/#)
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1.1.2. Obesity prevalence in Spain

Spain is in a leading position in Europe considering overweight and obesity prevalence
in adults (Gallus et al. 2015), and statistics are even worse for children (Smith and
Smith 2016). In fact, approximately 2 out of 3 people are overweight and 1 out of 6
people are obese (Aranceta et al. 2007; Gutiérrez - Fisac et al. 2012). Spanish children
have been proved to be first in childhood obesity according to the Spanish Society of
Outpatient Pediatrics and Primary Care (SEPEAP) and the Spanish Association of

Primary Care Pediatrics (AEPap) (Schroder et al. 2014).

1.2. Genetics and obesity

1.2.1. Toward personalized medicine

Every time it seems to be clearer that personalized treatment is the best option in
medicine to cure diseases and every day we get closer to this. It is well established that
there are many influencing factors: social, cultural, genetic, physiological, metabolic,
psychological and behavioral (McPherson, Marsh, and Brown 2007). The fact that
prevalence of obesity has been rapidly increasing around the world in the past few
decades and our genome has not changed much during this time, could make us think
that only the “obesogenic environment” (ie. consumption of large portion size meals,
high-fat diets, high sugar intake, many hours spent watching TV, playing video games
or sitting at the computer) is responsible for this disease (Bouchard 2007). However
our genes do allow for obesity to occur. The “thrifty gene” theory was already

suggested in 1962 by James Neel, which includes these genes which helped the
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families where these were inherited to survive. We are prone to weight gain, because
the past it was an advantage to be able to store energy for harder times, i. e. famine.
Nevertheless it was proposed that this theory is insufficient to explain all (Bouchard
2007; Speakman 2006). According to Bouchard, for sustained positive energy balance
our present gene variants should be included in these categories: (1) a thrifty
genotype: low metabolic rate and insufficient thermogenesis; (2) a hyperphagic
genotype: poor regulation of appetite and satiety and propensity to overfeed; (3) a
sedens genotype: propensity to be physically inactive; (4) a low lipid oxidation
genotype: propensity to be a low lipid oxidizer; and (5) an adipogenesis genotype:
ability to expand complement of adipocytes and high lipid storage capacity (Bouchard
2007). Based on his review on the genes suggested in the 2005 version of the human

obesity gene map, do not confirm the “thrifty gene” theory (Bouchard 2007).

For certain diseases, when only one (or a few) gene is affected, based on the genetic
background doctors can prescribe one or another medicine which works better
achieving greater effect with less side effects (pharmacogenetics/ pharmacogenomics).
Specific treatments can be ineffective for some people, effective for others and
harmful for others. Hopefully science reaches this point soon for complex diseases
(such as obesity) too; however, there is still a long way to go to understand the
information of the potential genes, interaction between genes and interaction with the
environment etc. Even though the genetic testing of multifactorial diseases has been
guestioned (Holtzman and Marteau 2000; Vineis, Schulte, and McMichael 2001), with
advances might refute these doubts and distrust. Which in turn seems clear is that

current gene tests on complex phenotypes are not trustworthy.
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1.2.2. Evidence for the role of genetics in obesity

There is always an interaction between both genes and environment (de Castro 2004).
Environment is significant, although the importance of the genetic background on
obesity phenotypes (body mass index (BMI) and fatness) has been proved beyond
doubt (as it can be read below). Borjeson according to the results of his twin study
suggested that genetic factors play a decisive role in the origin of obesity and this was

supported with images; in figure 2. some of these can be seen (Borjeson 1976).

Figure 2. Monozygotic (up) and dizygotic twins (down)

Source: (Bérjeson 1976)

Ten years later, in a twin and an adoptee study Stunkard et al. found clear relation
between adoptee weight class (ie. thin, normal, overweight, obese) and the body mass
index of the biologic parents but not with the adoptive parents (Figure 3) (Stunkard et

al. 1986).
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Figure 3. Mean body-mass index of parents of for weight classes of adoptees

(BF denotes biologic father, BM biologic mother, AF adoptive father, AM adoptive mother)
Source: (Stunkard et al. 1986)

Stunkard et al. confirmed that genetic influences on BMI are substantial with a twin
study reporting that the estimate of heritability is about 66% for women and 70% for
men. (Stunkard et al. 1990; Stunkard et al. 1986) Several calculations have been made

since this one, most of these heritability estimates are between 40% and 70% (Herrera

and Lindgren 2010).
1.2.3. Types of obesity from the genetics point of view

Obesity first was thought to be the result of a monogenic mutation, but based on the
research of the past decades it has been established that its common form rather has

polygenic origins. Hereinafter the different genetic causes of obesity are explained.
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Monogenic obesity

Only a few hundred cases have been described to be associated with a single gene
mutation (however the number is much bigger) (Bouchard 2008). These lie in one of 11
genes which most of the cases encode proteins participating in appetite regulation and
energy homeostasis, such as leptin (LEP), leptin receptor (LEPR), melanocortin 4
receptor (MC4R) or prohormone convertase 1 (POMC) (Bell, Walley, and Froguel 2005;
Bouchard 2008). Figure 4 shows the location of these genes on the chromosomes.

Almost always these patients have extreme obesity. Overall, about 5% of the obesity

cases belong here (Bouchard 2008).
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Figure 4. Chromosomal location of obesity genes

Ideogram of human karyotype with loci for Prader—Willi Syndrome (PWS), Albright hereditary
osteodystrophy (AHO), Bardet—Biedl Syndrome (BBS) (green line), monogenic mutations (green triangle),
selected obesity candidate genes (red triangle) and QTLs identified by genome-wide linkage scans (red
line)

Source: (Loos and Bouchard 2003)
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Syndromic obesity

Some of the rare syndromes are also characterized by obesity. The most frequent of
these syndromes (1 in 25,000 births) is Prader—Willi syndrome (PWS), accompanied by
obesity, hyperphagia, diminished foetal activity, muscular hypotonia, mental
retardation, short stature and hypogonadotropic hypogonadism. Other examples are
the pseudohypoparathyroidism type 1A syndrome, Albright hereditary osteodystrophy
(AHO) or the Bardet—Biedl syndrome (BBS), these are less common (Bell, Walley, and
Froguel 2005). The location of these syndromes are shown in the chromosome map in
Figure 4. The aetiology of syndromic obesity is more complex than the monogenic
cases thus understanding them is more complicated too and the treatment of these

cases is even more complicated.

Polygenic obesity

In most cases obesity is a complex phenotype as a sum of countless factors. Among
them there are numerous gene variants (even hundreds or thousands we still do not
know) with small but still significant effects and they are very common in the

population (the opposite of the monogenic obesity) (Mutch and Clément 2006).

There are three strategies to identify these genes:

e Candidate gene studies: This approach relies on the current understanding of
the pathophysiology of obesity, candidate genes are selected based on their
biological / physiologic function in the regulation of energy balance or adipose
tissue and so on (Loos and Bouchard 2003). The last update of the Human

Obesity Gene Map reported 127 candidate genes associated with obesity
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phenotypes summarizing the findings of these studies (Rankinen et al. 2006).
Some of these genes are shown in Figure 4. However, it was suggested that
results of these association studies are quite heterogeneous and at times
inconsistent (Bouchard 2008).

e Genome linkage scans: The aim is to identify chromosomal regions of interest
and then genes within this region.

e Genome wide association studies (GWAS): This approach, however, is studying
the whole genome / most of the genes comparing cases and controls (for
example obese and normal weight people) to identify gene variants which
differ. GWAS made it possible to find the most influential gene associated with
obesity, the Fat Mass and Obesity Associated gene (FTO) and other new
potential genes. Adults homozygous for the risk allele of the FTO polymorphism
weighted 3 kg more and had 1.67-fold increased odds of obesity when
compared with the non-carriers in the first study identifying this gene (Frayling
2007), which was confirmed with the subsequent ones (Speliotes, Willer,
Berndt, Monda, Thorleifsson, Jackson, Lango Allen, et al. 2010; Thorleifsson et

al. 2009).

These two second approaches did not confirm the results of the candidate gene
studies. Nevertheless, the most studied candidate genes (including the ones we
examined in our study) are registered as genes related to obesity phenotypes in the
most recognized databases like OMIM (Online Mendelian Inheritance in Man, An

Online Catalog of Human Genes and Genetic Disorders).

10



Introduction

1.2.4. Genetics of body weight response to diet or exercise

On the other hand, it is not enough to know the influencing factors of the
development of obesity but also the influencing factors of the response to a treatment
(to exercise in our case), which can be completely different. Some experimental
studies were seeking for answers about heritability through overfeeding or negative
energy balance with diet or exercise. Bouchard et al. overfed twelve identical twin
pairs (during 100 days by 1000 kcal) and showed that the change in body weight
differed considerably between the twin pairs but was similar within twin pairs (Figure

5), which confirms the influence of the genetic background (Bouchard et al. 1990).
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Figure 5. Similarity within pairs with respect to changes in body weight in 12 pairs of male twins in
response to 100 days of overfeeding

Each point represents one pair of twins (A and B). The closer the points are to the diagonal line, the more
similar the twins are to each other.
Source: (Bouchard et al. 1990)

In a subsequent study of Bouchard et al. seven male identical twin pairs completed a
93 day negative energy balance program with exercise. In weight loss (mean 5.0 kg;

equal fat loss as fat free mass was unchanged) there were large individual differences

11
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in response to the program, but with the same genotype responses were more alike
(Bouchard and Tremblay 1997). The F ratio of the between-pairs to the within-pairs
variances reached about 6 for the body weight changes (Bouchard and Tremblay 1997).
In line with these findings, Hainer et al. studied 14 obese premenopausal female
identical twin pairs, who followed a 28 day weight loss intervention including a very
low calorie diet and exercise. Mean body weight loss was 8.8 kg (SD=1.9). Variability
was about 13 times more between identical twin pairs than within identical twin pairs
for the changes of body weight (Hainer et al. 2000; Hainer et al. 2001). Body weight

and fat loss for the monozygotic twins are illustrated in Figure 6.
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Figure 1 Similarity within pairs with respect to decrease in Figure 2 Similarity within pairs with respect to decrease in

body weight in 14 pairs of obese female twins in response to
28 days of very low calorie diet (1.6MJ). Each point represents
one pair of twins (A and B).

body fat in 14 pairs of obese female twins in response to 28
days of very low calorie diet (1.6MJ). Each point represents one
pair of twins (A and B).

Figure 6. Similarity within pairs with respect to decrease in body weight (left) and body fat (right) in 14
pairs of obese twins

Source: (Hainer et al. 2000)

Bouchard also suggested that the heterogeneity of responsiveness to regular exercise
(not everybody responds the same way/ same equally to exercise or any
environmental impact) is trait specific. In other words, someone who is low responder

12
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for one phenotype can be a better responder for other traits (Bouchard, Blair, and
Haskell 2012). This means that an obese patient may not lose much weight (preferably
fat mass), but it is still likely that he will achieve health benefits from a physically active

lifestyle (for example improving quality of life), which we have to keep in mind always.

Therefore, looking through these studies, the role of genes is unquestionable in

obesity and weight loss, though at present we do not possess many details about it.

1.3. Polymorphisms, genes and their corresponding proteins

included in the thesis

This present thesis is part of the PRONAF study, which aimed to discover which is the
most effective training protocol in combination with caloric restriction for overweight
and obese subjects. In order to see the genetic influence on the response to the
treatment, based on the literature available at the time of designing the project
genetic single nucleotide polymorphisms (SNPs) were selected. A SNP is an alteration
in deoxyribonucleic acid (DNA) sequence that is present in the population with a
frequency of at least 1% (Bouchard, Blair, and Haskell 2012). The SNPs give the genetic
basis for the uniqueness of each individual, at least one in 1000 base pairs of human
DNA differs among individuals (Passarge 1995). These SNPs are located in genes
involved in metabolic pathways related to adiposity and in genes involved in energy

metabolism and the production of energy during physical activity.
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1.3.1. Beta adrenergic receptors

Beta-2 adrenergic receptor (ADRB2) and beta-3 adrenergic receptor (ADRB3) proteins

ADRB2 and ADRB3 belong to the G-protein coupled receptor 1 family, adrenergic
receptor subfamily, ADRB2/ ADRB3 sub-subfamily. The structure of the proteins are

shown in Figure 7 and 8.
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Figure 7. Structure and reported polymorphisms of ADRB2 protein

Source: (Taylor and Bristow 2004)
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Figure 8. The beta-3 adrenoceptor structure

Source: (Coman et al. 2009)

Function of the adrenergic receptors (together ADRB2 and ADRB3)

Adrenoceptors play a major role in several processes of our body, including fat cell
metabolism as they are functionally expressed in fat cells These receptors bind

catecholamines (Arner 1992).

The principal role of adrenoceptors in brown fat cells is to regulate thermogenesis
(Arner 1992). About 80% of heat is produced via beta receptors. The beta effect is by
stimulating adenylate cyclase and cyclic adenosine monophosphate (AMP) production
through the G; protein, while the opposite effect is on the same pathway through the
G; protein (Figure 9). On the other hand, the role of the adrenergic receptors in white
fat cells is to regulate the breakdown of the triglycerides to free fatty acids and
glycerol through lipolysis, besides they influence lipid synthesis and the transport and

metabolism of glucose (Figure 13). Beta receptors increase lipolysis too (Arner 1992).
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Figure 9. Catecholamine receptor signal transduction in human fat cells

Source: (Arner 2001)

As contributors in physiological processes, the adrenergic receptors interact with
hormones and other endogenous substances. Estrogens reduce the lipolytic function
of the catecholamines in fat cells (Arner 1992) through adenylate cyclase (Pecquery,
Leneveu, and Giudicelli 1987), while androgens increase the lipolytic sensitivity of
catecholamines (Arner 1992) through an increase in the number of beta receptors in
fat cells (Xu, Pergola, and Bjorntorp 1990). Glucocorticoids have multiple effects on the
beta receptor-adenylate cyclase complex, though the exact explication is not known
(Arner 1992). The increase in the number of the beta receptors and the modified
function of the adenylate cyclase was described before (Lacasa, Agli, and Giudicelli
1988). Catecholamines, through beta receptors, can inhibit insulin action in fat cells
and therefore cause insulin resistance (Arner and Lonnqvist 1987). Moreover insulin
can directly reduce beta receptor number in fat cells through translocation mechanism
which reduces catecholamine sensitivity (Engfeldt et al. 1988). Lactate is another
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factor which can alter the function of beta receptors, which occurs with the decrease

in the lipolytic sensitivity of catecholamines (De Pergola et al. 1989).

Beta adrenergic receptors might operate altered in different physiological conditions.
Fasting increases the in vivo lipolytic sensitivity of norepinephrine and epinephrine
(Arner 1992), which leads to increased lipolytic activity (Jensen et al. 1987; Arner,
Engelfeldt, and Nowak 1981). Caloric deficit might increase beta receptor number in
fat cells (Ostman et al. 1984). In turn, other studies suggest that overfeeding (high
carbohydrate or high fat diets) does not seem to alter adrenergic receptor function in
fat cells (Poehlman et al. 1986; Kather et al. 1987). Physical exercise causes similar
adaptions to fasting, increases lipolytic action of catecholamines which adaptation is
very rapid (Arner 1992). The explanation probably is in the effectiveness of hormone-
sensitive lipase (Wahrenberg et al. 1987). In addition, a difference in adrenergic
receptor function in fat cells has been observed between sexes. Indirect evidence
suggests that there is an increased catecholamine-induced lipolysis in women (Arner et
al. 1990). The background of it is not clear, might be the difference in the balance of
alpha and beta adrenergic receptors in males compared with females (Leibel and

Hirsch 1987).

The relation between obesity and adrenergic receptors is not solved yet. Circulating
fatty acid levels are increased in obese people, which indicates alterations in the
lipolysis (Arner 2005), which could be due to the adrenergic receptor / catecholamines,
but studies are not concordant. Decreased lipolytic effect of catecholamines was
reported in obese rats, however these studies had the confusing effect of age (as lean

young rats were compared with old obese ones), therefore the real cause of these
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changes is doubtful (Arner 1989). Stimulation of lipolysis (beta agonist) was observed
in genetically obese mice too (Shepherd et al. 1977), though it is hard to compare
monogenic obese mouse models with multifactorial human cases (Arner 1992). Studies
on obese dogs showed that obese dogs might have higher number of alpha and lower
number of beta receptors but it is counterbalanced with the increased activity of beta
receptors (Arner 1992). On the other hand, in humans normal lipolytic sensitivity of
catecholamines was found in vitro (Jacobsson et al. 1976) in agreement with an in vivo
study reporting normal catecholamine activity through beta adrenergic receptors
(Zahorska-Markiewicz, Kucio, and Piskorska 1986). The size of fat cells of the obese
subjects larger than the non-obese subjects, and it was reported that larger fat cells
have increased beta receptor activity (Arner 1992) and decreased alpha receptor
activity (Arner et al. 1987), which suggest catecholamines might have an increased
lipolytic activity in human obesity (Arner 1992), which contradicts the previous

hypothesis on this topic.

ADRB2 GIn27Glu polymorphism
The ADRB2 gene is located on the long arm of the chromosome 5 as it can be seen on

Figure 10 (red line).
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Figure 10. ADRB2 Gene in genomic location: bands according to Ensembl, locations according to Geneloc

Source: http://www.genecards.org/cqi-in/carddisp.pl?gene=ADRB2&keywords=ADRB2
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GIn27Glu (rs1042714) polymorphism is a missense mutation, a Cytosine-Guanine base
change, which results in a Glutamine-Glutamic acid amino acid change. Missense is a
change in one DNA base pair that results in the substitution of one amino acid for

another in the protein made by a gene (NIH 2017).

Generally there is little information about the functional alteration of the proteins with
these polymorphisms, some studies aimed to investigate at the molecular level and

find possible differences, which will be summarized at each polymorphism of the study.

An alteration at the amino acid sequence in the extracellular N-terminus of the ADRB2,
the GIn27Glu polymorphism was suggested to alter ADRB2 function (Reihsaus et al.
1993). Namely, altered degrees of agonist-promoted down-regulation of receptor

expression were described (Green et al. 1994; Hesse and Eisenach 2008).

ADRB3 Trp64Arg polymorphism

The ADRB3 gene is located on the short arm of the chromosome 8, illustrated in Figure

4243

11 (red line).
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Figure 11. ADRB3 Gene in genomic location: bands according to Ensembl, locations according to Geneloc

Source: http://www.genecards.org/cqi-in/carddisp.pl?gene=ADRB3&keywords=ADRB3
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Trp64Arg (rs4994) polymorphism of the ADRB3 gene is a missense mutation, a
Thymine-Cytosine base change, which results in a Tryptophan-Arginine amino acid

change.

Research groups of Snitker and Li found no functional differences between variants
(Snitker et al. 1997; Li et al. 1996), however Piétri-Rouxel suggested that this mutant
could be important in pathophysiological situations related to obesity (Pietri-Rouxel et
al. 1997), in agreement with Umekawa, who reported that is associated with lower
lipolytic activities, Arg64Arg homozygotes had lower median effective concentration,

lower responsiveness compared with Trp64Trp (Umekawa et al. 1999).

1.3.2. Leptin receptor, LEPR

LEPR protein

The structure of the leptin receptor is shown in Figure 12.

Leptin receptor

la-like

Figure 12. Model for leptin and leptin receptor interaction

Source:(Peelman et al. 2014)
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LEPR is the receptor of leptin. It is member of the cytokine receptor family. LEPR is
involved in appetite control and the regulation of fat metabolism (beside other

functions) (Schulz and Widmaier 2006).

Leptin

Leptin is mainly expressed in adipose tissue (Koerner, Kratzsch, and Kiess 2005) and it
has an important role in the maintenance of homeostasis (Friedman and Halaas 1998;
Zhang et al. 2005). As a proof of this 9-year old girl with extreme obesity was found to
lack leptin, who reduced her weight to the normal range with a leptin treatment just

like her cousin with similar symptoms (Montague et al. 1997; Farooqi et al. 2002).

Leptin reports to the central nervous system the abundance of available energy stores
in order to prevent food intake and induce energy expenditure, therefore in lack of
leptin hunger arises which leads to excess food intake and can result in morbid obesity,
though only a handful of cases have been associated with leptin deficiency (Montague
et al. 1997; Strobel et al. 1998). Leptin-induced inhibition of food intake is through
both suppression of orexigenic neuropeptides (neuropeptide Y and agouti-related
peptide) and the induction of anorexigenic neuropeptides (alpha melanocyte-

stimulating hormone) (Strobel et al. 1998).

Leptin expression is increased by overfeeding, insulin, glucocorticoids, endotoxin and
cytokines and is decreased by fasting, testosterone, thyroid hormone and exposure to
cold temperature (Yang and Barouch 2007; Fried et al. 2000). However, acute changes
in food intake do not induce short-term increases in plasma leptin levels (Jequier 2002;
Considine et al. 1996), in contrast to rodents, where leptin gene expression is

stimulated by eating and leptin administration acutely reduces food intake (Campfield
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et al. 1995). Leptin secretion has a circadian rhythm, plasma leptin concentrations are
low around noon and begin to rise around 3 in the afternoon and reach maximal
values during the night (Jequier 2002). Women have markedly higher leptin
concentrations than man independently of the amount of fat mass (Jequier 2002; Saad

et al. 1997).

The complex function and interactions of leptin are illustrated in Figure 13.

Hypartension
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== Tumor Mecrosis Factor-a
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Figure 13. Systemic leptin function

Chronic hyperleptinemia impairs the centrally mediated metabolic actions of the hormone, although its
activation of sympathetic outflow is preserved. Selective central leptin resistance results in obesity and
adverse effects on the cardiovascular system including hypertension, atherosclerosis, and left ventricular
hypertrophy (LVH). Although leptin can protect against ectopic lipid deposition in non-adipose tissue,
whether this effect is abolished because of (selective) peripheral leptin resistance requires further
examination.

Source: (Yang and Barouch 2007)

Leptin and obesity

During continuous administration of leptin to ob/ob mice (obese mice without leptin)

these animals lose weight or maintain their weight loss (Jequier 2002; Campfield et al.

22



Introduction

1995; Halaas et al. 1995). Administration of leptin also reduces food intake and body
weight in diet induced obese mice (Jequier 2002). In humans, leptin gene expression is
increased in the adipose tissue of obese individuals (Lonngvist et al. 1995) and in most
cases their blood leptin levels are higher too, moreover a strong correlation between

blood leptin levels and body fat mass has been showed (Considine et al. 1996).

Leptin receptor

The leptin receptor is expressed primarily in the brain, mainly in the choroid plexus
and hypothalamic regions, but is also widely distributed in peripheral tissues including
lung, kidneys, spleen, testes, uterus, lymph nodes, liver, pancreas and adipocytes
(Tartaglia et al. 1995; Lee et al. 1996; Wauters et al. 2001) thereby referring to its
multiple functions. Six different isoforms of the leptin receptor have been identified
(Schulz and Widmaier 2006), but the two major isoforms are the long form (ObRb) and

the short form (ObRa) (Lee et al. 1996).

Leptin receptors form heterodimers, which are capable of activating Janus kinases.
Then the Janus kinase is able to start activators of the transcription family (Paracchini,
Pedotti, and Taioli 2005; Watowich et al. 1996). Leptin receptors have been found to
play a role in several aspects of human health. Not surprisingly, they are most
associated with energy homeostasis, but there are other conditions in which leptin
receptor function appears to be important (Schulz and Widmaier 2006). A mutation in
the LEPR gene was reported to be associated with morbid obesity and infertility
(Clement et al. 1998). Polymorphisms in the leptin receptor gene which typically affect
the extracellular portion of the receptor and these do not result in such severe loss of

function (Schulz and Widmaier 2006). Its involvement in obesity has been widely
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studies, however results are controversial, besides it has been associated with sleep
apnea (Manzella et al. 2002), bone mineral density (Koh et al. 2002) and lymphoma

(Skibola et al. 2004).

LEPR GIn223Arg and Lys656Asn polymorphisms

The LEPR gene is located on the short arm of the chromosome 1 as it is shown in Figure

14 (red line).
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Figure 14. LEPR Gene in genomic location: bands according to Ensembl, locations according to Geneloc

Source: http://www.genecards.org/cqi-bin/carddisp.pl?gene=LEPR&keywords=LEPR

GIn223Arg (rs1137101) polymorphism of the LEPR gene is a missense mutation, a
Adenine-Guanine base change, which results in a Glutamine-Arginine amino acid

change.

Lys656Asn (rs1805094) is a missense mutation, a Guanine-Cytosine base change, which

results in a Lysine-Asparagine amino acid change.

Amino acid substitutions result in changes of the electric charge from neutral to
positive for Lys223Arg and from positive to neutral for Lys656Asn polymorphism,
therefore, they are likely to have functional consequences resulting in altered receptor
structure, function, signaling capacity and, in the broader perspective, an affected
response to energy restriction (Gajewska et al. 2016; Chung et al. 1997; Yang et al.

2016).
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1.3.3. Peroxisome Proliferator Activated Receptor Gamma, PPARG

PPARG protein

Figure 15. The structure of the PPARG protein

Source: http://www.rcsb.org/pdb/explore.do?structureld=2PRG

The structure of the PPARG protein is illustrated in Figure 15. PPARG is a transcription
factor, member of the nuclear hormone receptor superfamily. It is mainly expressed in
adipocytes, but also can be found in vascular smooth muscle cells and macrophages
(Chawla et al. 1994). It is the master regulator of fat cell formation and lipid
metabolism, modulates insulin sensitivity, cell proliferation and inflammation thus it
contributes to obesity (Lehrke and Lazar 2005). PPARG may also act as a tumor
suppressor gene, since it inhibits the growth of different cell types and induces

apoptosis (Meirhaeghe and Amouyel 2004).

Due to the alternative slicing of the PPARG gene there are four messenger ribonucleic

acid (mRNA) isoforms of PPARG1, PPARG2 and PPARG4, which encode the same
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protein product and PPARG2 which contains an additional N-terminal 28 amino acid

axon (Meirhaeghe and Amouyel 2004).

Function of the PPARG

PPARG has a key role in fat cell maturation (i.e. turning from a fibroblast-like
preadipocyte to a mature, lipid-enriched adipocyte). It was seen that the expression
and activation of PPARG was sufficient to induce adipogenesis (Tontonoz, Hu, and
Spiegelman 1994; Lehrke and Lazar 2005), and the importance of the this protein was
confirmed in other functional and genetic knockdown experiments (Barak et al. 1999).
PPARG also has a major role in regulating mature adipocytes. Great part of the
knowledge on the underlying pathways came with the discovery that thiazolidinedione
antidiabetic drugs are high-affinity ligands for PPARG (Lehmann et al. 1995; Lehrke and
Lazar 2005). It controls several genes directly in these biological processes, such as
lipoprotein lipase, fatty-acid transport protein, oxidized low-density lipoprotein
receptor 1, which all favor adipocyte uptake of circulating fatty acids;
phosphoenolpyruvate carboxykinase, glycerol kinase, and the glycerol transporter
aquaporin 7, which promote recycling rather than export of intracellular fatty acids

(Lehrke and Lazar 2005).

PPARG takes part in glucose metabolism. It was seen that mice with increased PPARG
activity, due to a mutation, are protected from obesity-associated insulin resistance
(Rangwala and Lazar 2004; Lehrke and Lazar 2005), while mice lacking PPARG in fat,
muscle or liver are predisposed to developing insulin resistance (He et al. 2003; Lehrke
and Lazar 2005; Norris et al. 2003). In humans, few patients with rare mutation in

PPARG are severely insulin resistant (Barroso et al. 1999; Lehrke and Lazar 2005) and
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carriers of the Prol2Ala polymorphism were found to have improved glucose
homeostasis (Deeb, Fajas, Nemoto, Pihlajamaki, et al. 1998; Lehrke and Lazar 2005).

Triglyceride storage causes increased production of the hormone leptin in the adipose
tissue. During long-term overfeeding leptin’s expression is increased in order to limit
further food intake and excessive weight gain. The production of leptin in adipose
tissue is under negative control by PPARG as it promotes lipogenesis and tries to
control wasteful lipolysis and fatty acid oxidation (Wang, Lee, and Unger 1999; Kersten,
Desvergne, and Wahli 2000) . Therefore, expression of both PPARG and leptin is
reduced by fasting and increased by feeding (Kersten, Desvergne, and Wahli 2000).

Figure 16 shows the diverse and far-reaching effects of the PPARG protein.
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Figure 16. Activation of PPARG results in beneficial effects (green arrows) as well as adverse side effects
(red arrows)
Source: (Ahmadian et al. 2013)
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Furthermore, PPARG can play a role in the development other diseases like polycystic
ovary syndrome (Korhonen et al. 2003), cardiovascular diseases atherogenesis (Bishop

- Bailey 2000), different cancers (Meirhaeghe and Amouyel 2004).

PPARG monogenic mutations

Rare mutations of the PPARG were found in patients, who had a complex clinical
phenotype called ‘PPARG ligand resistance syndrome’ with partial lipodystrophy
(subcutaneous fat is lost from the limbs and gluteal region but accumulated in the
abdominal area), early-onset severe insulin resistance, type 2 diabetes, dyslipidemia
(high triglycerides, low high-density lipoprotein HDL cholesterol), early-onset
hypertension and hepatic steatosis (Barroso et al. 1999; Meirhaeghe and Amouyel
2004; Savage et al. 2003) This indicates that PPARG has a key role in insulin action,

glucose homeostasis and fat mass control (Meirhaeghe and Amouyel 2004).

PPARG Prol2Ala polymorphism
The PPARG gene is located on the short arm of the chromosome 3 marked with a red

line in Figure 17.
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Figure 17. PPARG Gene in genomic location: bands according to Ensembl, locations according to Geneloc

Source:http://www.genecards.org/cgi-bin/carddisp.pl?gene=PPARG&keywords=PPARG
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Prol12Ala (rs1801282) polymorphism of the PPARG gene is a missense mutation, a

Cytosine-Guanine base change, which results in a Proline-Alanine amino acid change.

In vitro it was seen that the PPARG Alal2 isoform has two-fold lower affinity for its
PPAR response element and reduced ability to its promoters such as the lipoprotein
lipase promoter (Deeb, Fajas, Nemoto, Pihlajamaki, et al. 1998; Meirhaeghe and
Amouyel 2004). Other studies confirmed that the Alal2 allele causes a poorer function

of the protein (Schneider et al. 2002; Masugi et al. 2000).

In line with the in vitro studies mentioned before, in vivo studies also confirmed
decreased expression level of PPARG (Schneider et al. 2002; Simon et al. 2002). Three
other in vivo studies with Caucasian obese and non-obese subjects independently from
each other showed that insulin sensitivity was improved in Alal2 carriers (Stumvoll et
al. 2001; Jacob et al. 2000; Koch et al. 1999). In addition, insulin-sensitivity of lipolysis

(inhibited) was greater in Alal12 carriers (Stumvoll et al. 2001).

29



Introduction

1.3.4. Monocarboxylate Transporter 1, MCT1

MCT1 protein

Figure 18. Closed and open structural models of the MICT1 protein

Source: (Wilson et al. 2009)

MCT1 belong to the monocarboxylate transporters MCTs family (Halestrap and Wilson
2012). MCT1 is ubiquitous, can be found in muscle, heart, liver, white adipose tissue,
intestine, red blood cells, placenta and brain and other tissues. MCT1 can transport
several monocarboxylates such as lactate, pyruvate, ketone bodies, acetate, butyrate
and propionate (Carneiro and Pellerin 2015; Halestrap 2012). The structure of the

MCT1 protein can be seen in Figure 18.

Function of the MCT1

MCT1 is rather found on glia cells supporting a potential lactate shuttling mechanism
between different cell types (Carneiro and Pellerin 2015). Moreover, indirectly MCTs

might be involved in various key processes for body energy homeostasis (for example
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fuel sensing). MCT isoforms has been shown to be overexpressed during high fat diet-
induced obesity and hyperglycemia (Canis et al. 2009; Carneiro and Pellerin 2015;
Pierre et al. 2007), which confirms a specific sensitivity to the metabolic status and the
role of these proteins. Lactate, one of the substrates of the MCTs, has been showed to
affect glucose-inhibited and glucose-excited neurons in the hypothalamus, which
suggests importance in glucose metabolism (Song and Routh 2005; Carneiro and
Pellerin 2015). Besides, other studies demonstrated that central exposure to lactate
suppresses food intake and stimulates insulin secretion (Kokorovic et al. 2009; Cha and

Lane 2009).

Muscle is involved in glucose homeostasis and insulin resistance and it is a major
source and user of monocarboxylates (Carneiro and Pellerin 2015). A study
demonstrated that food restriction reduces muscle lactate and glycogen content and
authors described an increased lactate transport capacity in the muscle without
altered MCT1 or MCT4 expression (Lambert et al. 2003). Obesity and exercise have
been proved to alter MCT1 expression, both acute and chronic exercise increase MCT1

expression which seems to be correlated with energy demand (Thomas et al. 2012).

Lactate production in adipose tissue depends on nutritional state (Lovejoy, Mellen, and
Digirolamo 1990). This lactate serves as substrate in the liver for gluconeogenesis in
fasting or for glycogen synthesis after eating. In obesity, lactate production in the
adipose tissue is increased (which is correlated with insulin resistance) (DiGirolamo,
Newby, and Lovejoy 1992). Hypoxia can also modify MCT 1,2 and expression and

lactate production (De Heredia, Wood, and Trayhurn 2010).
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MCT1 seems to have a key role in lipid and glucose homeostasis as it was identified as
an antagonist of PPARG (Carneiro and Pellerin 2015). In addition, increased MCT1 and
decreased MCT2 levels in liver were associated with glucagon and insulin sensitivity in
underfed state. This can be explained as an adaptation for food restriction, the use of
alternative substrates (such as ketone bodies) in order to maintain the normal function
of the cells (Lizarraga-Mollinedo et al. 2012). In addition, monocarboxylates
transporters seem to have important function in other organs such as the intestines or

the pancreas, modifying energy homeostasis (Carneiro and Pellerin 2015).

Mouse model

A knockin mouse for mctl gene was created and its phenotype was characterized
(Lengacher, Nehiri-Sitayeb, Steiner, Carneiro, Favrod, Preitner, Thorens, Stehle, Dix,
and Pralong 2013). Homozygote for mutated alleles was not viable, only wildtype
homozygotes and heterozygotes survived and lived normally. Mice of these genotypes
were very similar; differences only came up when mice were fed a high-sugar, high-fat
diet for several weeks. During high fat diet wildtype homozygote mice (both male and
female) gained weight and became obese, these animals seemed to be sensitive to
diet-induced obesity, while heterozygotes were resistant. It was revealed that
heterozygote mice reduced food intake compared with wild type during the high-sugar,
high-fat diet. This can be explained by the role of MCT1 in the hypothalamic neurons
and nutrient sensing suggested before (Ainscow et al. 2002). Intestinal nutrient
absorption was reduced in heterozygotes and their basal metabolism was higher

compared to wildtype too. Of course, heterozygotes had a reduced fat mass compared
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to homozygote wildtype mice (Lengacher, Nehiri-Sitayeb, Steiner, Carneiro, Favrod,

Preitner, Thorens, Stehle, Dix, and Pralong 2013).

Glu490Asp polymorphism

The MCT1 gene is located on the short arm of the chromosome 1 as it can be seen on

Figure 19 marked with red line.
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Figure 19. MCT1 Gene in genomic location: bands according to Ensembl, locations according to Geneloc

Source: http://www.genecards.org/cqi-in/carddisp.pl?gene=SLC16A1&keywords=MCT1

Glu490Asp (rs1049434) polymorphism of the MCT1 gene leads to a Thymine -Adenine

base change, which results in a Aspartic acid-Glutamic acid amino acid change.

A 40% reduction of lactate transport rate was identified in the erythrocytes carriers of
this variant (Merezhinskaya et al. 2000). A recent functional study, reported that the
Glu490Asp polymorphism caused an observable change in lactate transport via MCT1,
since lactate uptake via the MCT1 of the Glu490 allele was increased compared with

the Asp490 allele (Sasaki et al. 2015).
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2. OBJECTIVES

This present thesis is structured in four studies giving the whole of the analyses of the
six polymorphisms throughout the PRONAF study. The general objective of the present
thesis was to observe the influence of the ADRB2 GIn27Glu, ADRB3 Trp64Arg, LEPR
GIn223Arg and Lys656Asn, MCT1 Glu490Asp and PPARG Prol2Ala polymorphisms on
weight and body composition changes during a controlled diet and exercise weight loss

program and a subsequent 3-year follow up.

Objective of Study I.

Objective 1: Analyze the effect of two common polymorphisms, the ADRB2 GIn27Glu
and the ADRB3 Trp64Arg on the changes of body weight, body mass index and fat

distribution during a highly controlled exercise and diet weight loss program.

Objective 2: Examine the influence of ADRB2 GIn27Glu and the ADRB3 Trp64Arg

polymorphisms on baseline values of body mass index and percentage fat.

Objective of Study II.

Objective 1: Analyze the effect of three common polymorphisms, GIn223Arg and
Lys656Asn of the LEPR and Prol2Ala of the PPARG on changes in body mass, body
mass index, fat mass, percentage fat, android fat and visceral adipose tissue during a

highly controlled exercise and diet weight-loss program.

Objective 2: Evaluate the effect of the GIn223Arg and Lys656Asn of the LEPR and
Prol12Ala of the PPARG polymorphisms on baseline body mass index and fat
percentage.
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Objective of Study lll.

Objective 1: Analyze the influence of the MCT1 GIu490Asp polymorphism on changes
in body mass, body mass index, percentage fat and percentage fat free mass during a

highly controlled exercise and diet weight-loss program.

Objective of Study IV.

Objective: Analyze whether the ADRB2 GIn27Glu, ADRB3 Trp64Arg, LEPR GIn223Arg
and Lys656Asn, PPARG Prol2Ala, MCT1 Glu490Asp polymorphisms influence weight
and body fat maintenance after the completion of a controlled diet and exercise

weight loss program.
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3. MATERIALS, METHODS, RESULTS AND DISCUSSION

3.1. Study l. Influence of ADRB2 GIn27Glu and ADRB3 Trp64Arg
polymorphisms on body weight and body composition

changes after a controlled weight-loss intervention

Abstract

The Beta-2 and Beta-3 adrenergic receptors (ADRB2 and ADRB3) are thought to play a
role in energy expenditure and lipolysis. However, the effects of the ADRB2 glutamine
(GIn) 27 glutamic acid (glutamate) (Glu) and ADRB3 tryptophan (Trp) 64 arginine (Arg)
polymorphisms on weight loss remain controversial. The aim of this study was to
investigate the effect of these polymorphisms on changes in weight and body
composition during a controlled weight-loss program. One hundred seventy-three
healthy overweight and obese participants (91 women, 82 men) aged 18-50 years
participated in a 22-week-long intervention based on a hypocaloric diet and exercise.
They were randomly assigned to 1 of 4 groups: strength, endurance, strength and
endurance combined, and physical activity recommendations only. Body weight, body
mass index (BMI), and body composition variables were assessed before and after the
intervention. Genetic analysis was carried out according to standard protocols. No
effect of the ADRB2 gene was shown on final weight, BMI, or body composition,
although in the supervised male group, Glu27 carriers tended to have greater weight
(p = 0.019, 2.5 kg) and BMI (p = 0.019, 0.88 kg/m2) reductions than did noncarriers.
There seems to be an individual effect of the ADRB3 polymorphism on fat mass (p =

0.004) and fat percentage (p = 0.036), in addition to an interaction with exercise for fat
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mass (p = 0.038). After the intervention, carriers of the Arg64 allele had a greater fat
mass and fat percentage than did non-carriers (p = 0.004, 2.8 kg). In conclusion, the
ADRB2 GIn27Glu and ADRB3 Trp64Arg polymorphisms may influence weight loss and
body composition, although the current evidence is weak; however, further studies are
necessary to clarify their roles.

Introduction

The response to weight loss programs is influenced by genetic factors (Loos and
Rankinen 2005; Ordovas and Shen 2008; Bouchard 2008), therefore it is essential to
understand the genetic and biological background of obesity and weight loss processes
in order to prevent and treat this complex disease. Energy balance is regulated by the
adrenergic system (Blaak et al. 1993; Monroe et al. 2001), since both beta-2 and beta-3
adrenergic receptors (ADRB2, ADRB3) promote lipolysis and fat mobilization and
modify glucose metabolism (Arner 1992; Enoksson et al. 2000; Hagstrom-Toft et al.
1998; Lafontan et al. 1997). The lipolysis function is even more important during
exercise and energy restriction (Arner 1992, 1995). Common polymorphisms, the
GIn27Glu (GIn - Glutamine; Glu - Glutamic acid/ Glutamate) of the ADRB2 and the
Trp64Arg (Trp — Tryptophan; Arg — Arginine) of the ADRB3 genes, imply structural and
functional differences among the protein versions thus can influence the control of
body weight (Gagnon et al. 1996; Garenc et al. 2003; Green et al. 1995). Considering
epidemiological studies of the ADRB2 gene, some have not found relationship between
the GIn27Glu polymorphism and obesity related phenotypes (Kortner et al. 1999;
Echwald et al. 1998; Bea et al. 2010; Rosado, Bressan, and Martinez 2015). While some
researchers found that the Glu27 is the risk allele for obesity (Clement et al. 1995;

Large et al. 1997; Gonzalez Sanchez et al. 2003; Lange et al. 2005), on the contrary
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others reported that the Glu27 is the favorable allele, protective against obesity
(Meirhaeghe et al. 2000; Pereira et al. 2003). As for the ADRB3 gene, no association
was shown in some cases between the Trp64Arg polymorphism and obesity (Bea et al.
2010; Gagnon et al. 1996), other studies showed the Trp64 allele is protective against
the obesity (Widen et al. 1995; Clement et al. 1995; Corella et al. 2001; Ukkola et al.

2000).

The interaction of the gene, physical activity and obesity has been suggested for both
polymorphisms. Arner et al. found different effects of the Glu27 allele in sedentary and
active people (Arner 2000); differences in fat oxidation were reported between Glu27
and GIn27 allele carriers in two studies (Macho-Azcarate et al. 2002; Rosado, Bressan,
and Martinez 2015); Meirhaeghe et al. raised that physical activity can counteract the
effect of the GIn27Glu polymorphism in weight control (Meirhaeghe et al. 1999), while
for the ADRB3 gene Marti et al. observed different risk for obesity with the Trp64Arg

polymorphism (Marti et al. 2002).

Regarding interventional studies, as far as we know, none of them included both
controlled exercise and diet program and the polymorphisms analyzed by us. In the
case of the ADRB2 gene, no significant main effect of the GIn27Glu polymorphism on
changes in body weight or body composition after a program based resistance training
in women (Bea et al. 2010), neither Rauhio et al. with a diet intervention, including
weight maintenance (Rauhio et al. 2013). However, in the HERITAGE study Glu27
carriers lost more body fat mass (Garenc et al. 2003). Applying only a diet intervention
Ruiz et al. reported that the Glu27 allele carriers had greater reduction in body weight,

body mass index (BMI) and lean mass in women (Ruiz et al. 2011). For the ADRB3 gene,
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previous studies showed no main individual effect of this polymorphism (Ukkola et al.
2003; Bea et al. 2010), however Bea et al. reported that within non-exercisers the
carriers of the Arg64 allele gained greater percent body fat (Bea et al. 2010). No
differences were found in response to weight loss between Arg64 allele carriers and
non-carriers in body weight and body fat, but the loss of visceral adipose tissue (VAT)
was 43% lower in the Arg64 allele carriers (Tchernof et al. 2000). On the contrary,
Phares et al. concluded that the Arg64 allele carriers have two times greater loss of

percentage body fat (Phares et al. 2004).

In contrast to the candidate gene studies, no genome-wide association studies (GWAS)
showed associations with these polymorphisms on BMI, adiposity or fat distribution
(Fox et al. 2012; Speliotes, Willer, Berndt, Monda, Thorleifsson, Jackson, Allen, et al.
2010; Locke et al. 2015; Shungin et al. 2015), which questions the previous findings. To
the best of our knowledge, there has been no GWA study carried out on body
composition changes during a weight loss program. Despite these controversies both
polymorphisms are of interest in connection with obesity and weight loss.
Consequently, the aim of the present study was to analyze the effect of two common
polymorphisms, the ADRB2 GIn27Glu and the ADRB3 Trp64Arg on the changes of body
weight, BMI and fat distribution during a highly controlled exercise and diet weight
loss program and to examine the influence of these polymorphisms on baseline values

for the mentioned parameters.

Methods

The present study is the part of the RCT (ClinicalTrials.gov ID: NCT01116856), Nutrition

and Physical Activity Programs for Obesity Treatments, PRONAF (the PRONAF study
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according to its Spanish initials). The aim of the RCT was to assess the usefulness of
different types of physical activity and nutrition programs for the treatment of adult
obesity, and it was conducted in 2010 and 2011 following the ethical guidelines of the
Declaration of Helsinki. The Human Research Review Committee of the University
Hospital La Paz reviewed and approved the study design and the research protocol
(code of approval PI-643). Further details of the study are described elsewhere (Zapico

et al. 2012).

Subjects

The study participants were recruited through advertisements covering a wide variety
of media (television, radio, press and Internet). A total of 2319 potential participants
were informed about the nature of the study and those who were 18 to 50 years old,
had a BMI between 25 and 34.9 kg/mz, were non-smokers, sedentary (i.e., two hours
or less of structured exercise per week) (Brochu, Malita, et al. 2009), and had glucose
values <5.6 mmol/L (<100 mg/dL) (Rutter et al. 2012), were invited to participate in
this study. Women with any disturbances in menstrual cycle were not eligible. Flow
diagram of the participants and details on drop outs can be found elsewhere (Zapico et
al. 2012). Finally, 173 subjects were included (91 women, 82 men) in this study.
Participants provided written informed consent prior to joining the study and
completed a baseline assessment at the medical center, after which they were

randomly assigned to groups.
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Study design

The intervention was a 6-month diet and exercise-based program focusing on a
behavior change. Participants entered into the study in two waves (overweight and
obese phase), and were split into four randomly assigned groups, stratified by age and
sex: strength, endurance, combined strength and endurance and the control groups
with physical activity recommendations. The measurements took place for all
participants before starting, in week 1 and after 22 weeks of intervention, in week 24.
Physical activity was assessed by a SenseWear Pro3 Armband™ accelerometer (Body
Media, Pittsburgh, PA). Participants wore the monitor continuously for 5 days including
weekends and weekdays following general recommendations (Murphy 2009). Daily
energy expenditure was calculated using the Body Media propriety algorithm
(Interview Research Software Version 6.0). Additionally, participants were asked to
report physical activity habits and the amount of any food undertaken during the

intervention through a personal diary.

Diet intervention

Before the intervention, negative energy balance was calculated for all participants
taking into account their own daily energy expenditure based on accelerometry data
and the 3-day food record, thus they followed an individualized hypo-caloric diet with
a 25-30% caloric restriction (NIH 1998). Macronutrient distribution was set according

to the Spanish Society of Community Nutrition recommendations (Dapcich et al. 2004).
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Exercise intervention

All exercise training groups followed an individualized training program, which
consisted of three times per week exercise sessions during 22 weeks, carefully
supervised by certified personal trainers. Details of the different protocols developed

by the groups are described elsewhere (Zapico et al. 2012).

Control group

Participants from the control group followed the dietary intervention and the physical
activity recommendations of the American College of Sports Medicine (ACSM)
(Donnelly et al. 2009), thus were advised to undertake at least 200-300 min of

moderate-intensity physical activity per week.

Adherence to diet was calculated as the estimated kilocalories (kcal) of the diet divided
by the real kcal intake in percentage ([estimated kcal of diet/real kcal intake]x100),
being 100% the highest adherence to it, following a methodology used previously
(Acharya et al. 2009). Moreover, adherence to exercise was calculated by the number
of sessions completed in regard to the theoretical sessions ([sessions performed/total
sessions]x100). Assistance over 90% of the training sessions (Hunter et al. 2000), and

an adherence to diet over to 80% were required (Del Corral et al. 2009).

Body composition
Anthropometric measures included height (SECA stadiometer, Valencia, Spain, 0.01 m)
and body weight (TANITA BC-420MA balance, Bio Ldgica Tecnologia Médica S.L,

Barcelona, Spain, 0.1 kg). BMI was calculated as [body weight (kg)/(height (m?)]. Body
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composition (fat mass (kg), abdominal fat (kg), VAT (kg)) was assessed by dual-energy
x-ray absorptiometry DXA (GE Lunar Prodigy; GE Healthcare, Madison, WI, GE Encore
2002, version 6.10.029 software) with an accuracy of 0.001 kg. Percentage body fat (%

body fat) was calculated as [fat (kg)/ body weight (kg)*100%].

Genetic analysis

Whole blood samples (5 ml) were collected in ethylene-diaminetetraacetic acid (EDTA)
from each participant and sent to the laboratory for the analysis. Deoxyribonucleic
acid (DNA) was extracted from each sample using the "QlAamp® DNA Blood Mini Kit"
(QIAGEN Hilden, Germany) and the genotyping was performed for each single
nucleotide polymorphism (SNP). For the overweight phase, the analysis of the ADRB2
GIn27Glu (rs1042714) and the ADRB3 Trp64Arg (rs4994) polymorphisms was done
using polymerase chain reaction (PCR) and restriction fragment length polymorphism
(RFLP) techniques described before (Large et al. 1997; Clement et al. 1995); and for the
obese phase, the genotyping of the two polymorphisms was carried out using the
corresponding TagMan® SNP Genotyping Assays (Applied Biosystem, Foster City, CA,

USA) with StepOne™ Real Time PCR System (Applied Biosystem, Foster City, CA, USA).

Statistical analysis

The statistical analysis was performed using IBM® SPSS” Statistics for Windows, Version
22.0. (IBM Corp., Armonk, NY). Chi-square test was used to assess whether observed
genotype frequencies were in the Hardy—Weinberg equilibrium (HWE). Normal

distribution of each dependent variable was tested using Quantile-Quantile plots,
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when needed Box-Cox transformation was applied using the optimal lambda value.
Three genetic models (additive, dominant, recessive) were tested for the ADRB2 gene,
however for the ADRB3 two groups (carriers and non-carriers Arg64 allele) were
analyzed because of the low number of the homozygotes for the Arg64 allele. Based
on exercise, the sample was divided in two groups: supervised as all protocols had the
same characteristics (intensity, duration and frequency) and non-supervised group (C
group). Three-way (genotype x exercise type x sex) analysis of covariance (ANCOVA)
was conducted using final values of weight and body composition parameters adjusted
by age and initial values to reveal differences between genotype groups, men and
women and exercise groups, as well possible interactions. Two-way (genotype x sex)
analysis of covariance (ANCOVA) was performed adjusted by age for BMI and
percentage body fat at baseline to see initial differences between genotype groups
and sexes. Statistical significance for post intervention comparisons was defined at the
corrected alpha of 0.00179 for the ADRB2 and 0.00625 for the ADRB3 polymorphism,
for baseline comparisons at 0.00357 for the ADRB2 and 0.0125 for the ADRB3
polymorphism with correction for repeated tests across the levels of the ANCOVA

model factors, where appropriate.

Results

The baseline characteristics of the 173 subjects who participated in the present study

(after drop outs) are shown in Table 1.
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Table 1. Baseline characteristics of the subjects in Study |

ADRB2 ADRB3
BASELINE Glu27 . Arg64 .
WOMEN non-carrier Glu(zn7=;3;;ner non-carrier Arg(6:=;2-,;rler
(n=37) (n=76)
Age (years) 38.24+8.45 39.72+48.16 39.61+7.93 36.6749.75
Body weight (kg) | 79.1619.86  81.82+10.96 |81.08£10.58  79.03+10.57
BMI (kg/m?) 29.81£2.67  30.93+3.48 | 30.64%3.08  29.67:3.78
Fat mass (kg) 34174519  35.63t7.1 35.346.37 33.7846.73
r;:; Percentage | 1, 93+3.53 45294437 | 45.3+3.99 44.41+4.35
Android fat (kg) | 2.82%0.57 2.94£0.81 2.92+0.72 2.74+0.72
VAT (kg) 0.71£0.34 0.79£0.38 0.7740.35 0.690.44
ADRB2 ADRB3
BASELINE Glu27 Arg64
MEN . Glu27 carrier . Arg64 carrier
non-carrier (n=54) non-carrier (n=9)
(n=28) (n=73)
Age (years) 39.39+7.15  39.78:8.82 | 39.8848.09  37.789.74
Body weight (kg) | 97.02¢11.47  95.45:10.39 |95.86£10.24  97.03+14.84
BMI (kg/m?) 31.27£2.46  30.78+2.85 | 30.91£2.6 31.25+3.67
Fat mass (kg) 33.2847.59  33.75:6.72 | 33.636.84  33.2348.5
(F;:; Percentage | 35 48+4.78  36.8244.75 | 36.49+4.73  35.2945.32
Android fat (kg) | 3.43%0.96 3.44£0.93 3.46£0.88 3.24+1.31
VAT (kg) 1.76+0.69 1.7440.73 1.7940.68 1.3840.94

Data presented as Mean * Standard Deviation

ADRB2, beta-2 adrenergic receptor; ADRB3, beta-3 adrenergic receptor; BMI, body
mass index; VAT, visceral adipose tissue
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Genotype distributions and allele frequencies of the ADRB2 GIn27Glu polymorphism
and ADRB3 Trp64Arg are shown in Table 2. Both genotype distributions were found in
Hardy-Weinberg equilibrium (p=0.987 for the ADRB2 and p=0.980 for the ADRB3

polymorphisms).

Table 2. Genotype distribution and allele frequency of the ADRB2 and ADRB3 genes in
Study |

ADRB2

GIn27GIn GIn27Glu Glu27Glu Allele GIn27  Allele Glu27

All 65 (37.57%) 82 26 (15.03%) 212(0.61)  134(0.39)

Women | 37 (40.65%) 40 14 (15.4%) 114(0.63)  68(0.37)

Men 28 (34.14%) 42 12 (14.64%) 98 (0.60) 66 (0.40)
ADRB3

Trp64Trp Trp64Arg  Arg64Arg Allele Trp64 Allele Arg64

All 148 24 1(0.58%)  320(0.92) 26 (0.08)
Women | 76 (83.52%) 15 0 (0%) 167 (0.92) 15 (0.08)

Men 72 (87.80%) 9(10.98%) 1(1.22%)  153(0.93) 11 (0.07)

Data presented as n (%) for genotypes and n (frequency) for alleles.
ADRB2, beta-2 adrenergic receptor; ADRB3, beta-3 adrenergic receptors

ADRB2 GIn27Glu post-intervention comparisons

Results for the dominant model are shown as no significant results were found with
the other models. According to this, it seems that this model is the one which fits the
most to the behavior of this polymorphism. No main effect of the GIn27Glu
polymorphism was observed for final body composition values adjusted by initial
measurements, neither interaction with exercise, sex or both. Post hoc analyses

revealed that within supervised men group, carriers of the Glu27 allele reduced weight
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and BMI more than non-carriers (p=0.019, 2.52 kg and p=0.019, 0.881 kg/m?

respectively; Figure 20). No differences were found for the other variables (Figure 20).
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Figure 20. Beta-2 adrenergic receptor (ADRB2) GIn27Glu polymorphism and weight and body
composition variables after the intervention in men and women

GIn27Gin (GIn27), GIn27Glu and Glu27Glu (Glu27). Means of final values of Weight (a), Body mass index
(BMI; b), Fat mass (c) Percentage body fat (%fat; d), Android fat (e), Visceral adipose tissue (VAT; f) are
presented after adjustment for baseline values and age with Standard error (SE). * p < 0.05

ADRB3 Trp64Arg post-intervention comparisons
Regarding the Trp6darg polymorphism, no differences were seen for weight, BMI,
android fat or VAT (Figure 21). The individual effect of the polymorphism was found for

fat mass (p=0.004, F=8.519 (1), np=0.51) and percentage fat (p=0.036, F=4.457 (1),
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np=0.028), for fat mass reaching the corrected significance level. Moreover an
interaction with exercise was observed for fat mass (p=0.038, F=4.383 (1), np=0.027).
Post hoc analyses indicated that Arg64 carriers had higher fat mass and fat percentage
than non-carriers after the intervention (p=0.004, 2.82 kg and p=0.036, 1.83%
respectively). Moreover, the final fat mass of the female Arg64 carriers was 3.9 kg
higher than the non-carriers (p=0.004), observing more specific differences depending
on the genotype and type of exercise. The pair-wise comparison showed that the
women carrying the Arg64 allele in the non-supervised exercise group had a higher
final fat mass (p=0.004, 7.22 kg) (Figure 21). Accordingly, among the Arg64 carriers in
the whole sample and in women, the supervised group reduced fat mass more than

the non-supervised group (p=0.019, 4.31 kg and p=0.010, 6.59 kg respectively).

Baseline
Neither of the analyzed polymorphisms, the GIn27Glu of the ADRB2 or the Trp64Arg of
the ADRB3 gene, showed main effect or interaction with sex or age for BMI or

percentage body fat at baseline.
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Figure 21. Beta-3 adrenergic receptor (ADRB2) GIn27Glu polymorphism and weight and body
composition variables after the intervention in men and women

GIn27GIn (GIn27), GIn27Glu and Glu27Glu (Glu27). Means of final values of Weight (a), Body mass index
(BMI; b), Fat mass (c) Percentage body fat (%fat; d), Android fat (e), Visceral adipose tissue (VAT; f) are
presented after adjustment for baseline values and age with Standard error (SE). * p < 0.05

Discussion

In the present work we studied the role of two polymorphisms of the beta-adrenergic
receptors on body composition changes after a 24 week long diet and exercise
intervention (supervised or non-supervised exercise) in healthy overweight and obese

subjects. Our results suggest no strong influence of the ADRB2 GIn27Glu (rs1042714)
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and the ADRB3 Trp64Arg (rs4994) polymorphisms on these variables, but some
associations were found, which could encourage us for further studies.

Regarding the genotype distribution and allele frequencies of both polymorphisms in
our sample were similar to the Iberian, European population of the 1000 Genomes
Project (Abecasis et al. 2012) and to previous studies on Spanish samples for the
ADRB2 gene (Martinez et al. 2003; Gonzalez Sanchez et al. 2003), and for the ADRB3
gene (Corella et al. 2001).

As it was mentioned before, previous studies with Caucasians only included exercise
protocol or diet but not both, therefore they are not fully comparable with our
intervention. Even though it is proved that in a weight loss program, diet drives to a
higher loss than only exercise (Franz et al. 2007), yet the best protocols include both
for further benefits (Clark 2015; Curioni and Lourenco 2005). Moreover, the
interaction between genes and physical activity was suggested by previous authors in
connection with adrenergic receptor genes (Corbalan et al. 2002; Meirhaeghe et al.

1999; Phares et al. 2004).

ADRB2 GIn27Glu post-intervention comparisons

No main effect or interactions with other between-subject factors of the
polymorphism were shown in our analyses for body composition parameters similarly
to other studies based on weight loss programs (Bea et al. 2010; Phares et al. 2004;
Rauhio et al. 2013). However, posthoc analyses revealed that supervised men carrying
the Glu27 allele lost more weight and lowered BMI more (<0.05) than the GIn27GIn
group, suggesting that supervised exercise and the Glu27 allele together in men can be

beneficial to lose more weight. In previous studies of potential effect of this
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polymorphism on weight or BMI, also performed in Caucasian men subjects, was
negative. Phares et al. applied a previous diet stabilization (but no caloric restriction)
and aerobic training with subjects (age 50-75 years) with mean BMI of 27.8 kg/m?,
while the HERITAGE study only aerobic training with obese subjects, PRONAF consisted
of a hypocaloric diet and exercise program. All three programs were between 20-24
weeks long, our intensity was a bit lower than the other two programs” (PRONAF 50%-
60% of the HRR, Garenc et al. 55%-75% of the maximal oxygen consumption (VO2max),
Phares et al. 50%-70% of the VO2max), however our sessions were longer (PRONAF
51.15-60 min, Garenc et al. 30-50 min, Phares et al. 20-40 min)(Garenc et al. 2003;
Phares et al. 2004). Garenc et al. reported bigger fat mass changes in obese Glu27
homozygote men in the same study (Garenc et al. 2003), which were not confirmed in
our study. As for women most of the studies did not confirm the importance of this
polymorphism with only exercise or with only diet (Bea et al. 2010; Rauhio et al. 2013;
Rosado, Bressan, and Martinez 2015), which are in line with our negative results.
Nevertheless Ruiz et al. reported after a low energy mixed diet with a very similar
sample to ours that Glu27 carriers reduced more weight and BMI (Ruiz et al. 2011).
The added feature in our study compared to this is the exercise, which could balance
the differences reported by them, as no differences were found for weight or BMI. On
the contrary the HERITAGE study found that Glu27Glu women reduced less the
percentage fat than the other two groups in response to endurance training (Garenc et
al. 2003). No differences were found for android fat or VAT in our analyses, but to the
best of our knowledge no antecedents have been reported in the literature to the

contrary (Bea et al. 2010; Ukkola et al. 2003; Rauhio et al. 2013).
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ADRB3 Trp64Arg post-intervention comparisons

The individual effect of the Arg64 allele was observed for fat mass and percentage fat
reached the 0.05 level, for fat mass even the corrected threshold. Moreover there was
an interaction with exercise was found for fat mass. However the main effect of the
Trp64Arg polymorphism was observed for the change of other body composition
variables or any interaction with exercise or sex. Previous negative results disagree
with our results on fat mass and fat percentage, but support the negative results of the
other variables (Garenc et al. 2001; Phares et al. 2004; Rawson et al. 2002; Ukkola et al.
2003). No differences were seen between carriers and non-carriers for weight or BMI
what are in agreement with the other studies reporting the same after different
weight loss interventions (hypocaloric diet, aerobic training, resistance training) with
sedentary obese participants (Tchernof et al. 2000; Bea et al. 2010; Rawson et al. 2002;
Ukkola et al. 2003). Nevertheless, post hoc analyses showed that the carriers of the
Argb64 allele lost less fat mass and reduced percentage fat less than non-carriers during
the intervention contrary to previous studies with a wide variety of protocols (Garenc
et al. 2001; Phares et al. 2004; Ukkola et al. 2003; Rawson et al. 2002; Tchernof et al.
2000). Among the Argb4 carriers the non-supervised group had higher final fat mass
values than the supervised group, which can suggest that supervised exercise is
beneficent for the these genotypes. The interaction of this gene and physical activity
was raised before. Marti et al. reported that this polymorphism means higher obesity
risk in sedentary people than in active people (Marti et al. 2002), which was in line
with the results of other group (Phares et al. 2004). Within women the carriers of the
Argb64 allele lost less fat mass than the non-carriers and non-supervised less fat mass

than supervised subjects. Non-supervised Arg64 carrier women had smaller reduction
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in fat mass than non-carriers, though this should be cautiously judged because this
group was very limited, but it should be pointed out that it is in line with the findings
of Marti et al (Marti et al. 2002). Similarly, Bea et al. reported that after a 12 month-
long resistance training program within the sedentary postmenopausal women (from
normal weight to obese), Arg64 carriers gained significantly more percentage fat than
non-carriers (Bea et al. 2010). As for android fat and VAT, differences were seen
between carriers and non-carriers of the Arg64 allele. Conversely, Tchernof reported
through a 13 month long diet program that Arg64 carriers lost 43% less VAT than the
Trp64Trp group (Tchernof et al. 2000). This intervention was much longer and from the
dietary point of view stricter than ours which could have been determinant.

The physiological changes of the receptor function caused by the gene variations
together with the diet and exercise program could lead to divergent lipolysis rate and
divergent amount of fat loss as a response to our program. However it is hard to state
and confirm the underlying mechanisms of these differences for fat with our data as
the project did not include deep physiological or molecular investigation. As it is well
established adrenergic receptors play a role in fat mobilization and lipolysis (Arner
1992; Enoksson et al. 2000; Hagstrom-Toft et al. 1998; Lafontan et al. 1997) and this
influence can be greater with exercise or diet (Arner 1992, 1995). The interaction of
these polymorphisms and physical activity has been studied too and it seems to exist,
but still not clear (Arner 2000; Meirhaeghe et al. 1999; Rosado, Bressan, and Martinez
2015). Our and previous studies’ results are encouraging to further studies on this

interaction.
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Baseline — GIn27Glu and Trp64Arg polymorphisms

Our analyses showed no effect of the polymorphisms on BMI or percentage body fat or
interaction of the polymorphisms and age or sex at baseline. Several studies, in
agreement with our results, did not find association between the GIn27Glu
polymorphism of the ADRB2 gene and obesity or related parameters (Bea et al. 2010;
Echwald et al. 1998; Kortner et al. 1999). Most positive findings with the GIn27Glu
polymorphism suggest that the favorable allele is the GIn27 allele, and the Glu27 allele
contributes to obesity risk (Gonzalez Sanchez et al. 2003; Lange et al. 2005; Large et al.
1997; Clement et al. 1995). Contrary, other researchers showed that the GIn27 allele
enhances the risk of obesity (Meirhaeghe et al. 2000; Pereira et al. 2003). As for the
Trp64Arg polymorphism of the ADRB3 gene, no association was found in various
studies in different populations (Bea et al. 2010; Gagnon et al. 1996), nevertheless the
favorable feature of the Trp64 allele was demonstrated in the HERITAGE study and

others (Clement et al. 1995; Corella et al. 2001; Ukkola et al. 2000; Widen et al. 1995).

As it is shown studies are not concordant. Part of the explication can be the study
protocol, age and obesity status differences. Moreover previously it was suggested,
that most candidate gene studies are underpowered, mainly because of the sample
size and the lack of adjustment for multiple testing (Bray et al. 2009). Meta-analyses
are in line with our results, reporting no associations with obesity and the ADRB2
GIn27Glu (Jalba, Rhoads, and Demissie 2008; Allison et al. 1998), or ADRB3
Trp64Arg,(Kurokawa et al. 2008) in Europeans, though do confirm the importance in
other races, Asians, Pacific Islanders, and American Indians. Studies using new
techniques (GWAS) also confirm the same (Fox et al. 2012; Speliotes, Willer, Berndt,

Monda, Thorleifsson, Jackson, Allen, et al. 2010; Locke et al. 2015; Shungin et al. 2015).
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A limitation of our work is the sample size, as the main objective of the study was not
the exploration of the genetic background of the weight loss, thus this part of the
study is underpowered. A correction for multiple testing was applied taking into
account the polymorphisms, the genetic models, exercise groups and sexes, yet all
results below 0.05 are reported and discussed. Another limitation of our study that
there was no real control group for ethical reasons; all groups followed the
individualized diet and the exercise programs or received physical activity
recommendations. However the strength of our study is that both exercise and diet
were included in the weight loss program, and were controlled by experts of the field.

The conclusions of our study are that during an exercise plus diet program male
carriers of the Glu27 allele of the ADRB2 GIn27Glu polymorphism might have
advantage in lowering weight and BMI, and carriers of the Arg64 allele of the ADRB3
Trp64Arg polymorphism (especially women) might have difficulty in losing fat mass
and percentage fat than the non-carriers in Spanish overweight and obese population.
However for Arg64 allele carriers supervised exercise can help to lose more fat mass
compensating the effect of the allele, which gives promising practical use.
Nevertheless the evidence is weak, thus more research is needed on this field with
larger sample sizes and controlled protocols, taking into account all possible
interactions among diet, exercise, genetic background and other factors. Finally,
physical activity seems influence the effect of these polymorphisms during weight loss

as it was suggested before.
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3.2. Study Il. LEPR and PPARG gene polymorphisms: associations
with body composition changes in response to a weight loss

intervention

Abstract

The aim of this present study was to analyze the effect of common polymorphisms of
the leptin receptor (LEPR, GIn223Arg, Lys656Asn) and the peroxisome proliferator-
activated receptor gamma (PPARG,Pro12Ala) genes on the changes of body mass and
body composition after a weight loss intervention. 173 healthy overweight and obese
volunteers (91 women, 82 men) aged 18-50 years participated in a 22 week-long
intervention. They were randomized into four groups: strength, endurance, combined
and physical activity recommendations while hypocaloric diet was prescribed for
everybody. Body mass and body composition variables were assessed before and after
the program using a scale and dual-energy X-ray absorptiometry. Genetic analysis was
carried out according to standard protocols. ANCOVA was used to assess differences
between genotype groups. Genotype distributions were in Hardy— Weinberg
equilibrium. No differences were found at the baseline comparison, neither for final
values in the case of the LEPR polymorphisms. However a possible interaction was
seen between the Alal2 allele (PPARG) and sex (p=0.041) for visceral adipose tissue
(VAT), but not for the other phenotypes. Post hoc analysis showed that carriers of the
Alal2 allele finished the intervention with higher VAT levels than the non-carriers
(p=0.036; 0.89 kg vs. 0.71 kg). Our results suggest that these polymorphisms of the

LEPR or PPARG genes have no effect on body composition variables during a controlled
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intervention or at baseline, except the Prol2Ala polymorphism on VAT changes in

women, where carriers of the Alal2 allele might have difficulty to lose VAT.

Introduction

Obesity is one of the major problems of our era. The root of obesity cannot be
described simply with the well-known energy balance, it is much more complicated,
the combination of social, cultural, genetic, physiological, metabolic, psychological and
behavioral and other factors (McPherson, Marsh, and Brown 2007). On the other hand
obesity is associated with common comorbidities such as diabetes, hypertension, heart
disease, hypercholesterolemia, and directly related to increased mortality and reduced
life expectancy according to the World Health Organization (Organization 2000). Great
amount of research has been done on this topic, but it seems that there is still a long

way to find the solution to treat obesity.

Leptin receptor (LEPR) is a component of the leptin-insulin pathway, binds the leptin
which is a protein mainly produced in adipose tissue (Yang, Kelly, and He 2007). Leptin
jointly with other neuropeptides regulates food intake, appetite control, energy
homeostasis and thermogenesis (Jequier 2002; Dulloo et al. 2002). Peroxisome
proliferator-activated receptor gamma (PPARG) is a nuclear receptor (specifically
expressed in adipose tissue) that influences the transcriptional processes regulating
adipocyte differentiation, lipid storage, fat-specific gene expression and insulin
signaling (Auwerx 1999; Lehrke and Lazar 2005; Meirhaeghe and Amouyel 2004).
Common single nucleotide polymorphisms (SNP) of LEPR (GIn223Arg, Lys656Asn) and
PPARG (Prol12Ala) genes have been suggested to be associated with obesity (body

mass and body composition phenotypes) related phenotypes and have been widely
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studied from the epidemiological aspect, however just a handful of studies can be
found including diet and exercise intervention. To the best of our knowledge none of
the previous studies included diet together with comparing supervised and non-
supervised exercise. In any case, results of these candidate gene studies for all three
polymorphisms are very controversial and genome-wide association studies (GWAS)
did not confirm their importance in relation with obesity phenotypes (no GWAS has
been carried out on response to interventions), which encourage us for further

research.

Consequently, the aim of the current study was to analyze the effect of three common
polymorphisms, GIn223Arg and Lys656Asn of the LEPR and Prol2Ala of the PPARG on
changes in body mass, body mass index (BMI), fat mass, percentage fat, android fat
and visceral adipose tissue (VAT) during a highly controlled exercise and diet weight-
loss program and as a secondary objective to see their effect on baseline BMI and fat

percentage.

Methods

Study design

This present study is the part of the Randomized Controlled Trial (ClinicalTrials.gov ID:
NCT01116856), Nutrition and Physical Activity Programs for Obesity Treatments,
PRONAF (the PRONAF study according to its Spanish initials). The aim of the project
was to evaluate the usefulness of different types of physical activity and diet programs
for the treatment of adult obesity through a 22 week long intervention. It was

conducted in 2010 for overweight volunteers and in 2011 for obese volunteers (Zapico
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et al. 2012). The measurements took place for all subjects during the week before

training and during week 24 (after training).

Subjects

Subjects were overweight and obese [body mass index (BMI) 25-34.9 kg/m?] between
18-50 years from the Region of Madrid, Spain, and were recruited through diverse
advertisements in the media. All of them was healthy nonsmoker, sedentary (one or
less exercise bout per week) (Brochu, Malita, et al. 2009) and normoglycemic.
Volunteers with any physical or psychological disease were excluded. Women had
regular menstrual cycles. The voluntary subjects who fulfilled the inclusion criteria and
passed the baseline physical examination were stratified by age and BMI and
randomized into three training groups and a non-supervised group. After drop outs,
173 subjects were included (91 women, 82 men) in this study. In agreement with the
guidelines of the Declaration of Helsinki regarding research on human subjects, before
participating in this investigation, participants read and signed an institutionally
approved informed consent document. All subjects were carefully informed about the
possible risks and benefits of the project, which was approved by the Human Research

Review Committee of the University Hospital La Paz (PI-643).

Diet intervention

The hypo-caloric diet (25-30% caloric restriction) of the participants was individualized
based on a before-intervention negative energy balance calculation taking into
account their own daily energy expenditure using on accelerometry data and the 3-day
food record (NIH 1998). Macronutrient distribution was set according to the Spanish

Society of Community Nutrition recommendations, approximately, 29-34% of the
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energy came from fat, 14-18% from protein, and 50-55% from carbohydrates (Sacks
et al. 2009). In the obesity group, energy provided from protein was increased up to
14-20% (Dapcich et al. 2004). The dietitian interviewed each participant at baseline, 3

months, and 6 months and reviewed a 3-day food diary.

Exercise intervention

Participants were randomized into a strength, endurance, combined strength and
endurance training group (supervised groups) or non-supervised group. Subjects in the
strength, endurance, combined strength and endurance training group performed
training 3 times per week for 22 weeks at a sports center. All training sessions were
carefully supervised by certified personal trainers. The exercise programs were
designed taking into account each subject’s muscle strength using the 15-repetition
maximum and the heart rate reserve. Both volume and intensity of exercise was
increased over the study period according to standard procedures (Hunter et al. 2008;
Del Corral et al. 2009). Details of the different protocols developed by the groups are

described elsewhere (Zapico et al. 2012).

Non-supervised group

Participants in the non-supervised group had the same dietary intervention as the rest
of the groups and were encouraged to follow the physical activity recommendations of
the American College of Sports Medicine (Donnelly et al. 2009), thus were advised to

undertake at least 200-300 min of moderate-intensity physical activity per week.
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Body composition

Anthropometric measures included height (SECA stadiometer, Valencia, Spain, 0.01 m)
and body mass (TANITA BC-420MA balance, Bio Légica Tecnologia Médica S.L,
Barcelona, Spain, 0.1 kg). BMI was calculated as [body mass (kg)/(height (m))?]. Fat
mass (kg), android fat (kg) and visceral adipose tissue (VAT) was assessed by dual-
energy x-ray absorptiometry (DXA; GE Lunar Prodigy; GE Healthcare, Madison, WI, GE
Encore 2002, version 6.10.029 software) with an accuracy of 0.001 kg and percentage

body fat (% body fat) was calculated as [fat (kg)/ body mass (kg)*100%].

Genetic analysis

Whole blood samples (5 ml) were collected in ethylene-diaminetetraacetic acid from
each participant and sent to the laboratory for the analysis. Deoxyribonucleic acid
(DNA) was extracted from each sample using the "QlAamp® DNA Blood Mini Kit"
(QIAGEN Hilden, Germany) and the genotyping was performed for each single
nucleotide polymorphism. For the overweight phase, the analysis of the GIn223Arg
(rs1137101) and Lys656Asn (rs1805094) of the LEPR and the Prol12Ala of the PPARG
(rs1801282) polymorphisms was done using polymerase chain reaction and restriction
fragment length polymorphism techniques described before (Gotoda et al. 1997;
Chung et al. 1997; Hara et al. 2000; Matsuoka et al. 1997); and for the obese phase,
the genotyping of the three polymorphisms was carried out using the corresponding
TagMan® SNP Genotyping Assays (Applied Biosystem, Foster City, CA, USA) with

StepOne™ Real Time PCR System (Applied Biosystem, Foster City, CA, USA).
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Statistical analysis

The statistical analysis was performed using IBM® SPSS® Statistics for Windows,
Version 22.0. (IBM Corp., Armonk, NY). Chi-square test was used to assess whether
observed genotype frequencies were in the Hardy—Weinberg equilibrium. Normal
distribution of each dependent variable was tested using Quantile-Quantile plots,
when needed Box-Cox transformation was applied using the optimal lambda value.
Three genetic models (additive, dominant, recessive) were tested for the LEPR
GIn223Arg polymorphism, however for the LEPR Lys656Asn and the PPARG Prol12Ala
polymorphisms two groups (carriers and non-carriers of the minor allele) were
analyzed because of the low number of the homozygotes for the minor allele. Based
on exercise, the sample was divided in two groups: supervised (strength, endurance
and combined strength and endurance training groups) as all protocols had the same
characteristics (intensity, duration and frequency) and non-supervised group (C group).
Two-way (genotype x sex) analysis of covariance (ANCOVA) was performed adjusted by
age for BMI and percentage body fat at baseline to see initial differences between
genotype groups and sexes. Three-way (genotype x exercise group x sex) analysis of
covariance (ANCOVA) was conducted adjusted by age and initial values to reveal
interactions and differences between genotype groups, genders and exercise groups,
for the final values of body mass, BMI, fat mass, percentage fat, android fat and VAT.
Bonferroni test was used for post hoc comparisons. Statistical significance for post
intervention comparisons was defined at the corrected alpha of 0.00179 for the LEPR
GIn223Arg polymorphism and 0.00625 for the LEPR Lys656Asn and the PPARG
Prol2Ala polymorphisms. For baseline comparisons statistical significance was set at

0.00357 for the LEPR GIn223Arg polymorphism and 0.0125 for the LEPR Lys656Asn and
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the PPARG Prol2Ala polymorphisms with correction for repeated tests across the
levels of the ANCOVA model factors, where appropriate. Correction was carried out

taking into account sex, exercise groups, genetic models and genotype groups.

Results

Baseline characteristics of the subjects who participated in present study (after
dropouts, exclusions because of low adherence, and missing data) are summarized in

table 3.

Table 3. Baseline characteristics of the subjects in Study I/

Women (91) Men (82)
Age (years) 39.12 + 8.27 39.65 + 8.24
Height (m) 1.62 £ 0.07 1.76 £ 0.06
Body weight (kg) | 80.74 + 10.55 95.99 + 10.72
BMI (kg/m?) 30.48 + 3,21 30.95+2.71
Fat mass (kg) 35.04 +6.41 33.59 +6.98
Fat percentage (%) | 45.15 +4.04 36.36 +4.78
Android fat (kg) 2.89+0.72 3.44 £0.93
VAT (kg) 0.76 + 0.37 1.74 £ 0.72
Data presented as Mean + Standard Deviation
BMI, body mass index; VAT, visceral adipose tissue

Genotype distribution and allele frequencies

Genotype distributions and allele frequencies of the GIn223Arg and Lys656Asn

polymorphisms of the LEPR gene and the Pro12Ala polymorphism of the PPARG gene
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are shown in Table 2. All genotype distributions were found to be in Hardy—Weinberg
equilibrium (p=0.582 for the GIn223Arg, p=0.137 for the Lys656Asn, p=0.717 for the

Pro12Ala polymorphism).

Pre-intervention comparisons

No p value reached the corrected significance level, not even the permissive 0.05 level

for any of the three polymorphisms for BMI or percentage fat before the intervention.

LEPR post-intervention comparisons

No p value of main effects or interactions reached the corrected significance levels or
the 0.05 level for two analyzed polymorphisms of the leptin receptor gene for any of
the final values of body mass, BMI, fat mass, percentage fat, android fat or VAT. Final
values of the body composition parameters in different groups are shown in Figure 22

and 23.
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Table 4. Genotype distribution and allele frequency of the GIn223Arg and Lys656Asn
polymorphisms of the LEPR gene and the Pro12Ala polymorphism of the PPARG gene in

Study Il
LEPR GIn223Arg
GIn223GIn GIn223Arg  Arg223Arg GIn223 Arg223
All 62 (35.84)  86(49.71)  25(14.45)  210(0.61) 136 (0.39)
Women 31(34.07)  47(51.65)  13(14.28) 109 (0.60) 73 (0.40)
Men 31(37.80) 39(47.56)  12(14.64)  101(0.62) 63 (0.38)
LEPR Lys656Asn
Lys656Lys Lys656Asn Asn656Asn  Lys656 Asn656
All 118 (68.21) 53 (30.64)  2(1.15) 289 (0.84) 57 (0.16)
Women 65(71.43)  25(27.47)  1(1.10) 155 (0.85) 27 (0.15)
Men 53 (64.63)  28(34.15)  1(1.22) 134 (0.82) 30 (0.18)
PPARG Pro12Ala
Prol2Pro Prol2Ala Alal2Ala Prol2 Ala12
All 143 (82.66) 29 (16.76)  1(0.58) 315(0.91) 31 (0.09)
Women 77 (84.62)  14(15.38) - 168 (0.92) 14 (0.08)
Men 66 (80.49) 15 (18.29) 1(1.22) 147 (0.90) 17 (0.10)
Data presented as n (%) for genotypes and n (frequency) for alleles. LEPR leptin
receptor; PPARG peroxisome proliferator-activated receptor gamma; Gin, glutamine;
Arg, arginine; Lys, lysine; Asn, asparagine; Pro, proline; Ala, alanine.
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Figure 22. LEPR GIn223Arg polymorphism and body composition variables after the intervention in men

and women

GIn223GIn (Arg223-), GIn223Arg and Arg223Arg (Arg223+).Means of final values of Body mass (a), BMI
(b), Fat mass (c), Percentage fat (d), Android fat (e), Visceral adipose tissue (VAT; f) are presented after
adjustment for baseline values and age with Standard error (SE)
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Figure 23. LEPR Lys656Asn polymorphism and body composition variables after the intervention in men

and women

Lys656Lys (Asn656-), Lys656Asn and Asn656Asn (Asn656+). Means of final values of Body mass (a), BMI
(b), Fat mass (c), Percentage fat (d), Android fat (e), Visceral adipose tissue (VAT; f) are presented after
adjustment for baseline values and age with Standard error (SE)

PPARG post-intervention comparisons

A possible interaction was found between the PPARG Alal2 allele and sex for VAT but

did not reach the corrected significance level (p=0.041, F=4.228 (1), np=0.026). Post

hoc analyses showed a trend for difference (p=0.036; 0.89 kg vs. 0.71 kg) in women

between carriers and non-carriers of the PPARG Alal2 allele, namely that carriers
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ended up at higher final VAT values after the weight loss program. This was seen again
in the non-supervised women subgroup with a lower but still not significant p value
(p=0.024; 0.98 kg vs 0.66 kg, Figure 3(f)). However no other differences were observed
for the other body composition parameters. All PPARG post-intervention results can be

seen in Figure 24.
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Figure 24. PPARG Pro12Ala polymorphism and body composition variables after the intervention in men
and women

Pro12Pro (Alal12-), Pro12Ala and Ala12Ala (Ala12+) Means of final values of Body mass (a), BMI (b), Fat
mass (c), Percentage fat (d), Android fat (e), Visceral adipose tissue (VAT; f) are presented after
adjustment for baseline values and age with Standard error (SE) * p < 0.05
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Discussion

We have studied the role that two polymorphisms of the leptin receptor (LEPR) and
one of the peroxisome proliferator-activated receptor gamma (PPARG) genes might
have on body composition changes after a 24-week-long diet and exercise intervention
(supervised or non-supervised group) in healthy overweight and obese subjects. Our
results do not support evidence of the influence of the GIn223Arg, Lys656Asn (LEPR)
and Prol12Ala (PPARG) polymorphisms on body mass, BMI, fat mass, percentage fat,
android fat or VAT changes except a possible interaction between the Prol2Ala

polymorphism and sex on VAT changes.

Genotype distribution and allele frequencies

The genotype distribution and allele frequencies of all three polymorphisms were
comparable with the those of the Iberian European population of the 1000 Genomes
Project (Abecasis et al. 2012) and other previous studies (De Luis et al. 2011; Mammes

et al. 2001; Goyenechea, Dolores Parra, and Alfredo Martinez 2006).

LEPR and PPARG polymorphisms pre-intervention comparisons

We have not found any associations at baseline between BMI or percentage fat and
the any of the three polymorphisms. As we have mentioned before previous literature
is not consistent on it. No association was observed in several studies for the
GIn223Arg polymorphism (Gotoda et al. 1997; Silver et al. 1997; Wauters et al. 2001;
Constantin et al. 2010; Mergen et al. 2007; Pyrzak et al. 2009), for the Lys656Asn
polymorphism (Chagnon et al. 2000; Gotoda et al. 1997; Rosmond et al. 2000; Silver et

al. 1997; De Luis et al. 2011; Mammes et al. 2001; Yiannakouris et al. 2001) and for the
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Pro12Ala polymorphism (Goyenechea, Dolores Parra, and Alfredo Martinez 2006; Lindi
et al. 2002; Nicklas et al. 2001; Zarebska et al. 2014). On the other hand advantageous
or disadvantageous nature of the polymorphism regarding obesity (i.e. carrying the
rare allele implied lower weight or BMI in some studies and higher weight or BMlI in
others) was observed for the GIn223Arg (Chagnon et al. 2000; Masuo et al. 2008;
Portoles et al. 2006; Yiannakouris et al. 2001), Lys656Asn polymorphism (Liu et al.
2004; Masuo et al. 2008), for the Pro12Ala polymorphism (Vogels et al. 2005; Beamer
et al. 1998). As it can be seen in the previous lines, most studies do not affirm the
relevance of these polymorphisms on obesity related phenotypes. Inconsistency can
be due to differences in project characteristics such as ethnicity (we have only
considered studies including Caucasian subjects), age, obese/general population,
health status, allele frequency, exercise and diet protocols (in interventional studies)
etc. Moreover underpowered studies can suggest non-existing, false positive

associations.

LEPR polymorphisms post-intervention comparisons

No significant association was observed between the GIn223Arg or Lys656Asn
polymorphisms of the leptin receptor gene and body composition changes. The LEPR
gene as candidate gene is justified because of its role in the regulation of food intake
and energy expenditure (Dulloo et al. 2002; Jequier 2002), although there is not much
functional data on these polymorphisms available and based on our data we cannot
confirm their role in weight loss or body composition change either. In line with this, a
study reported that the GIn223Arg polymorphism does not affect the affinity and

binding kinetics of the leptin receptor (Verkerke et al. 2014) here the authors suggest
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that previous positive results can be due to differences in study design and power, as it
was concluded also in a systematic review (Bender et al. 2011). To the best of our
knowledge, very few studies have been carried out with intervention and none of
them with supervised exercise. Salopuro et al and Mammés et al did not find evidence
for association between these polymorphisms and body composition changes (such as
body mass, BMI or fat mass) after a diet plus physical activity recommendations and a
low calorie diet respectively (Mammes et al. 2001; Salopuro et al. 2005) which is in line

with our negative findings.

On the other hand, two studies of a Spanish research group observed that the carriers
of the Asn656 allele have different response to a Mediterranean hypocaloric diet, both
groups achieved to reduce body mass and BMI, but Asn656 carrier group did not
reduce fat mass (Luis et al. 2015; de Luis Roman et al. 2006). In the case of these
studies the statistical analyses did not include comparison between the genotype
groups, only paired Student’s t-test and then the outcomes were contrasted, hence it
did not confirm the difference between the genotype groups (de Luis Roman et al.

2006).

The influence of the leptin receptor on the change of body mass, BMI, fat mass,
percentage fat, android fat or VAT after a controlled diet and exercise weight loss
program was not proven in our study, but neither we can reject the possibility of it,

therefore we propose further investigation in the light of the previous results.
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PPARG polymorphisms post-intervention comparisons

We observed a possible interaction between the Alal2 allele and sex on the change of
VAT, though the p value did not reach the corrected significance, therefore the
strength of evidence is weak. It is complicated to compare our results with others, as
earlier interventional studies have not analyzed the interaction of the Prol2Ala
polymorphism and sex, many of them only included women participants and the
others’ statistical methods included the sex factor as covariate. We observed a trend
showing that within non-supervised women participants, carriers of the Alal2 allele
lost less VAT than non-carriers. This could mean that the Alal2 allele might make it
more difficult to lose VAT. This is an important issue not only from the aesthetical
point of view but because of health problems as VAT is associated with metabolic
syndrome and cardiovascular diseases (Britton et al. 2013); however it seems that
controlled exercise could counterbalance this effect of the Alal2 allele as we have not
seen this different in supervised groups. Likewise Alal2 carriers lowered percentage
fat less than non-carriers within non-supervised women group. However, all these
results should be interpreted carefully because of the low number of participants in
these groups. Our results are similar to the ones of the study of Zarebska et al, where
carriers had smaller increase of fat mass and percentage fat than non-carriers;
however their intervention included an endurance training program and participants
were young normal weight women and were asked to keep a balanced diet of
approximately 2000 kilocalories (Zarebska et al. 2014). On the other hand, an
endurance training program with 50-75 year-old sedentary participants found no
association with fat mass or percentage fat (Weiss et al. 2005), similarly to a 6-month-

long hypocaloric diet with postmenopausal women (Nicklas et al. 2001).
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Considering that PPARG has a key role on adipogenesis, it is responsible for fatty acid
storage and the control of energy balance (Auwerx 1999; Lehrke and Lazar 2005;
Meirhaeghe and Amouyel 2004), its influence on the change of VAT and percentage fat
seems to be logical. The physiological and functional differences between the allelic
variants are still not completely clear, however in vitro studies showed that the
presence of the Alal2 allele causes a diminished affinity of the receptor for the
peroxisome proliferator response element in target gene promoters (Zarebska et al.
2014; Deeb, Fajas, Nemoto, Pihlajamaki, et al. 1998) and that leads to decreased
expression level, which was seen by in vivo studies too (Schneider et al. 2002; Simon et
al. 2002). Moreover Alal2 allele has an insulin-sensitizing effect on the liver and
skeletal muscles (Deeb, Fajas, Nemoto, Pihlajamaki, et al. 1998; Ek et al. 1999), which
can result in the suppression of lipolysis in adipocytes and reduced release of free fatty

acids (Stumvoll et al. 2001).

No other p values reached either the permissive significance 0.05 level, for the change
of other body composition parameters (body mass, BMI, fat mass, android fat or VAT).
In line with these findings, an endurance training program based study did not find
training-induced genotype-specific differences in body mass, BMI in older sedentary
participants (Weiss et al. 2005), neither the previously mentioned study of Nicklas et al
(Nicklas et al. 2001). Similarly no influence of the Prol2Ala polymorphism was
detected in two lifestyle changing programs for overweight and obese subjects with
low energy diet and increased physical activity (Aldhoon, Zamrazilova, et al. 2010;
Rittig et al. 2007). Nevertheless, Adamo suggested that the Prol12Ala polymorphism is
a significant predictor of resistance to weight loss (Adamo et al. 2007). Furthermore

studies from two big diabetes prevention projects confirm that the Alal12 allele carriers
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lost more body mass during diet and physical activity (Delahanty et al. 2012; Franks et
al. 2007; Lindi et al. 2002). Therefore again the role of this polymorphism is not
clarified yet in connection with weight loss, there are signs suggesting that it could be

important, but new studies are needed to confirm this.

Interventional studies including diet and supervised exercise (not only
recommendations) and genetics or genomics are still scarce probably because it is
complicated to carry out a controlled and complex interventional study with the
adequate sample size to ensure the sufficient effect size, what is not ensured in most
of the candidate gene studies. As the main objective of our study was not to explore
the genetic background of body composition changes but the effect of different
training protocols on weight loss; this part of the study is underpowered. A correction
for multiple testing was applied (there is no consensus on the statistical correction for
multiple testing in these kind of studies), taking into account the genetic models, the
exercise groups and the sexes, yet results below 0.05 were reported and discussed.
Other limitations of this study is that there was no real control group (for ethical
reasons all groups followed the hypocaloric diet and exercise programs or physical

activity recommendations); and the lack of a geographically independent cohort.

Although the evidence of candidate gene studies is weak, the doubt is present, as the
role of genetic factors in obesity and the capability to lose body weight was
determined before (Bouchard et al. 1994; Hainer et al. 2000; Loos and Bouchard 2003)
and the biological/physiological function of the proteins encoded by these genes are
strategically important, which encourages us for further research on this field. We also

have to keep in mind that the individual effect of these genes are minor, complex
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studies, new methods or approaches will be necessary to progress. Maybe ‘omics’ can
be the solution including genomics, transcriptomics, metabolomics and proteomics.
Studies should be carried out with meticulous methodology (controlled protocols
taking into account diet, different types of exercise, genetic background, other
influencing factors and their possible interactions, trying to control the seemingly
endless number of collusive factors causing obesity, additionally placing extra
emphasis on statistics) and if possible with collaborations between research groups to

ensure sample size.

Conclusions

The conclusions of our study are that the GIn223Arg and Lys656Asn polymorphisms of
the LEPR gene and the Pro12Ala polymorphism of the PPARG gene (except VAT) do not
seem to influence the weight loss or body composition remodeling during a diet and
exercise program. The Alal2 allele carrier (PPARG gene) women might have difficulty
in reducing percentage fat and VAT, nevertheless supervised, well-designed exercise
can compensate this effect. This result supports the concept that the best way to
optimize the results of a weight loss program is to include both diet and supervised

exercise in subjects with refractory weight loss.
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3.3. Study lll. Monocarboxylate transporter 1 in weight loss
interventions: Role of the Glu490Asp polymorphism on body

composition responses

Abstract

Background The Monocarboxylate Transporter 1 (MCT1) is a membrane transporter
expressed in most of the human cells. In addition to its role regarding pH regulation
and lactate transport during exercise, this protein has also been related with body
energy homeostasis and with regulation of energy balance when exposed to an
obesogenic diet. Therefore, the aim of this study was to investigate the influence of
the GIu490Asp (T1470A, rs1049434) polymorphism of the MCT1 gene on the change of

weight and body composition during a controlled weight loss program.

Methods 173 healthy overweight and obese participants (91 women, 82 men) aged
18-50 years participated in a 22 week-long intervention based on hypocaloric diet and
exercise. They were randomized into four groups: strength, endurance, combined
(supervised) and physical activity recommendations (non-supervised). Body weight,
body mass index (BMI), percentage fat and percentage fat free mass (FFM) were
assessed before and after the intervention. Genetic analysis was carried out according

to standard protocols.

Results Main effect of the Glu490Asp polymorphism was observed for final body
weight and BMI values (p=0.038 and p=0.029 respectively), moreover interaction with
sex and exercise was shown. The Asp490Asp genotype group decreased body weight

(p=0.038, 1.79 kg) and BMI (p=0.025, 0.66 kg/m?) more than Glu490 allele carriers.
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Interaction with sex and exercise was found for percentage fat. Asp490Asp women had
less final percentage fat than Glu490 carriers (p=0.025, 1.94%). Finally, interaction with
sex and exercise was seen for percentage FFM, among women the Asp490Asp group

ended up with higher values than Glu490 carriers (p=0.005, 2.76%).

Conclusions Our results uncover a possible influence of the Glu490Asp polymorphism
of the MCT1 gene on body composition responses. It seems that the absence of the
Glu40 allele implies less weight, BMI and percentage fat at the end of the program,
especially in non-supervised women. However, further studies are necessary to

confirm these results and clarify the underlying mechanisms.

Introduction

The Monocarboxylate Transporter 1 (MCT1) is a membrane transporter expressed in
most of the human cells (Fishbein, Merezhinskaya, and Foellmer 2002; Halestrap and
Wilson 2012; Halestrap 2012), including hypothalamic neurons and glia and adipocytes
(Hajduch et al. 2000). This protein symports a proton together with a molecule of short
chain monocarboxylate such L-lactate, pyruvate and the ketone bodies beta-
hydroxybutyrate and acetoacetate (Poole and Halestrap 1993). In addition to its role
regarding pH regulation (Halestrap and Meredith 2004) or lactate transport among
muscle cells during exercise (Brooks 2009), the function of this protein has also been
related with body energy homeostasis and cell-cell signaling (Carneiro and Pellerin
2015). In fact, lactate seems to play an important role on glucose homeostasis
(Kokorovic et al. 2009) and food intake (Cha and Lane 2009) by means of hypothalamic
lactate sensing. Moreover, several studies have reported changes in the expression of

MCT1 induced by diet composition (Hargrave et al. 2015) or maternal obesity (Simar et
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al. 2012), as well as diabetic status (Hajduch et al. 2000). In line with this results, it has
been recently reported how a transgenic mouse for the MCT1 gene (SLC16A1), with
one invalidated allele (MCT1+/'), presented resistance to diet-induced obesity and
related diseases when were fed a high fat diet (Lengacher, Nehiri-Sitayeb, Steiner,
Carneiro, Favrod, Preitner, Thorens, Stehle, Dix, Pralong, et al. 2013). As these authors
stated, the results uncover the critical role of MCT1 in the regulation of energy balance
when exposed to an obesogenic diet, being tempting to hypothesized a key role of

MCT1 in adaptations taking place during weight loss (Carneiro and Pellerin 2015).

Merezhinskaya et al. described a single-nucleotide polymorphism (SNP), Glu490Asp
(rs1049434), for the MCT1 gene (Merezhinskaya et al. 2000). This SNP results in a
glutamic acid aspartic acid change in codon 490, and has been related with lactate
transport immediately after high intensity exercise (Cupeiro et al. 2016; Cupeiro et al.
2012; Cupeiro et al. 2010; Fedotovskaya et al. 2014), suggesting an impaired lactate
transport capability into less active muscle cells for oxidation through the transporter
in Asp490 male carriers. Furthermore, these in vivo results have recently been
confirmed when oocytes expressing the Asp490 allele showed a lower lactate uptake
(Sasaki et al. 2015). Regarding the above mentioned relation of MCT1 with energy
metabolism and body composition, the cited SNP has been also related with body
composition in athletes, observing a higher fat-free mass percentage in Asp490Asp or
Asp490 carriers soccer players compared to Glu490Glu players (Massidda et al. 2015).
Therefore, as well as an influence of MCT1 over weight loss process has been
suggested (Carneiro and Pellerin 2015), the GIu490Asp polymorphism could be

associated with body composition changes during a weight loss program.
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Thus, the objective of the present study is to investigate the influence of the
Glu490Asp (rs1049434) polymorphism of the MCT1 gene on body weight, body mass
index (BMI), percentage fat and percentage fat free mass (FFM) changes after a 6-

month weight loss program in obese and overweight people.

Methods

PRONAF study

The present RCT (ClinicalTrials.gov ID: NCT01116856) was conducted from January,
2010, through June, 2011, and followed the ethical guidelines of the Declaration of
Helsinki.

A 6-months diet and exercise-based intervention was carried out aiming a behavior
change. Participants entered into the study in two waves, in the first year the
overweight, in the second the obese participants. Each wave was split into four
randomly assigned groups, stratified by age and sex: strength group, endurance group,
combined strength and endurance group and the control group, which followed only
physical activity recommendations. The measurements took place in week 1 (pre-
intervention values) for all participants before starting and after 22 weeks of
intervention, in week 24 (post-intervention values). Before the intervention started,
physical activity was assessed by a SenseWear Pro3 Armband™ accelerometer (Body
Media, Pittsburgh, PA). Monitors were worn continuously for 5 days including
weekends and weekdays following general recommendations (Murphy 2009). Daily
energy expenditure was calculated using the Body Media propriety algorithm
(Interview Research Software Version 6.0). Details of the study’s theoretical rationale,

protocol, and intervention are described elsewhere (Zapico et al. 2012).
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Participants

Subjects were overweight and obese [body mass index (BMI) 25-34.9 kg/m?] between
18-50 years from the Region of Madrid, Spain, and were recruited through diverse
advertisements in the media. All of them was healthy nonsmoker, sedentary (one or
less exercise bout per week) (Brochu, Malita, et al. 2009) and normoglycemic.
Volunteers with any physical or psychological disease were excluded. Women had
regular menstrual cycles. After drop outs, in the present study 173 subjects were
included (91 women, 82 men). In agreement with the guidelines of the Declaration of
Helsinki regarding research on human subjects, before participating in this
investigation, participants read and signed an institutionally approved informed
consent document. All subjects were carefully informed about the possible risks and
benefits of the project, which was approved by the Human Research Review

Committee of the University Hospital La Paz (PI-643).

Diet intervention

At the beginning of the intervention, the negative energy balance was calculated for
each participant taking into account the daily energy expenditure, and a 3-day food
record, in order to decrease the energy intake of the diet by a 25-30% during the
intervention. Macronutrient distribution was set according to the Spanish Society of
Community Nutrition recommendations, approximately, 29-34% of the energy came
from fat, 14—-18% from protein, and 50-55% from carbohydrates (Sacks et al. 2009). In
the obesity group, energy provided from protein was increased up to 14—20% (Dapcich
et al. 2004). The dietitian interviewed each participant at baseline, 3 months, and 6

months and reviewed a 3-day food diary.
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Exercise intervention

Participants were randomized into strength, endurance, combined strength and
endurance training group (supervised groups) or the non-supervised group. Subjects in
the supervised groups performed training 3 times per week for 22 weeks at a sports
center. All training sessions were carefully supervised by certified personal trainers.
The exercise programs were designed taking into account each subject’s muscle
strength using the 15-repetition maximum and the heart rate reserve. Both volume
and intensity of exercise was increased over the study period according to standard
procedures (Hunter et al. 2008; Del Corral et al. 2009). Details of the different
protocols developed by the groups are described elsewhere (Zapico et al. 2012). On
the other hand, participants from the control group followed the dietary intervention
as the other groups and were encouraged to follow the recommendations about
physical activity of the American College of Sports Medicine (Donnelly et al. 2009),
namely to undertake at least 150-250 min of moderate-intensity physical activity per
week.

Body composition

Anthropometric measures included height (SECA stadiometer, Valencia, Spain, 0.01 m)
and body weight (TANITA BC-420MA balance, Bio Légica Tecnologia Médica S.L,
Barcelona, Spain, 0.1 kg). BMI was calculated as [body weight (kg)/(height (m))?]. Fat
mass (kg), FFM were assessed by dual-energy x-ray absorptiometry (DXA; GE Lunar
Prodigy; GE Healthcare, Madison, WI, GE Encore 2002, version 6.10.029 software) with
an accuracy of 0.001 kg. Percentage FFM and percentage fat was calculated as [FFM

(kg) or fat (kg)/ body weight (kg)*100%].
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Genotyping

Whole blood samples (5ml) were collected in ethylene-diaminetetraacetic acid (EDTA)
from each patient and sent to the laboratory for the analysis. DNA was extracted from
each sample using the "QlAamp® DNA Blood Mini Kit" from QIAGEN (Hilden, Germany)
and the genotyping was performed for each SNP afterwards. For the overweight phase,
the analysis of the polymorphism was performed by polymerase chain reaction (PCR)
amplification followed by direct sequencing as described previously (Cupeiro et al.
2010); and for the obese phase, the genotyping of the polymorphism was carried out
using the corresponding TagMan® SNP Genotyping Assays (Applied Biosystem, Foster
City, CA, USA) in a StepOnel Real Time PCR System (Applied Biosystem, Foster City, CA,

USA).

Statistical analysis

The statistical analysis was performed using IBM® SPSS® Statistics for Windows,
Version 22.0. (IBM Corp., Armonk, NY). Chi-square test was used to assess whether
observed genotype frequencies were in the Hardy—Weinberg equilibrium. Normal
distribution of each dependent variable was tested using Quantile-Quantile plots,
when needed Box-Cox transformation was applied using the optimal lambda value.
Three genetic models (additive, dominant, recessive) were tested. Based on exercise,
the sample was divided in two groups: supervised (strength, endurance and combined
strength and endurance training groups) as all protocols had the same characteristics
(intensity, duration and frequency) and non-supervised group. Three-way (genotype x
exercise group x sex) ANCOVA was conducted for the final values of weight, BMI,

percentage fat and percentage fat free mass to see interactions and differences
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between genotype groups, genders and exercise groups. Bonferroni test was used for
post hoc comparisons. Statistical significance for post intervention comparisons was
defined at the corrected alpha of 0.00179 with correction for repeated tests across the
levels of the ANCOVA model factors. Correction was carried out taking into account sex,
exercise groups, genetic models and genotype groups. Effects sizes and their
respective 90% confidence intervals were calculated to show the magnitude of the
effects (standardized differences in means: Cohen’s units) of carrying the Glu490 allele
(i.e. comparing Asp490Asp vs GIu490Asp plus Glu490Glu) over body weight, BMI,
percentage fat and percentage FFM. These calculations were adjusted by the baseline
scores of the dependent variables, and they were performed separately by gender and
by exercise groups (supervised and non-supervised). Interpretation of effect sizes was
based on the following criteria: 0-0.2 trivial, >0.2-0.6 small, >0.6-1.2 moderate, >1.2-2
large, and >2 very large (Hopkins 2006). Probabilities that the true effect of carrying
the Glu490 allele was harmful, trivial, and beneficial were also calculated and
interpreted as follows (Hopkins et al. 2009): <0.5%, most unlikely, almost certainly not;
>0.5- 5%, very unlikely; >5-25%, unlikely, probably not; >25-75%, possibly; >75-95%,
likely, probably; >95-99.5%, very likely; >99.5%, most likely, almost certainly. These
calculations were performed using Microsoft Excel spreadsheets (Microsoft, Redmond,

WA).
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Results

The baseline characteristics of the 173 subjects who participated in the present study
(after drop-outs, exclusions because of low adherence and missing data) are shown in

Table 5.

Table 5. Baseline characteristics of the subjects in Study Il

WOMEN MEN

BASELINE Aspagoasp  OM0  acpagonsp  ©U490
(n=17) carriers (n=23) carriers

(n=74) (n=59)

Age (years) 40.18+10.66 38.88+7.68 40.96+9.0  39.14+7.95

Body weight (kg) |79.1+9.20  81.19+10.86 96.57+12.48 95.77+10.07
BMI (kg/mz) 30.62+3.04 30.45+3.26 31.14+3.12 30.87%2.56
Fat mass (kg) 33.85+5.6  35.32+6.6  33.91+7.65 33.46%6.77
Percentage fat (%) |[44.9843.6  45.19+4.16 36.4114.39 36.34+4.95
Fat free mass (kg) [41.09+4.12 42.4845.06 58.15%4.76 58.04+5.68

Percentage FFM (%) [52.16+3.79 52.6%3.9 60.67+4.47 60.84+4.77

Data presented as Mean + Standard Deviation

Genotype distribution and allele frequencies of the Glu490Asp polymorphism of the
MCT1 gene are shown in Table 6. Genotype distributions were found in Hardy-

Weinberg equilibrium (p=0.44).

89



Methodology, Results & Discussion

Table 6. Genotype distribution and allele frequency of the MCT1 gene in Study Il

Glu490Glu Glu490Asp Asp490Asp Glu490 Asp490
161
All 52 (30.05) 81 (46.82) 40(23.12) 185 (0.54) (0.46)
Women |32 (35.16) 42 (46.15) 17 (18.68) 106 (0.58) (706 )
85
Men 20 (24.39) 39 (47.56) 23(28.05) 79 (0.48) (0.52)
Data presented as n (%) for genotypes and n (frequency) for alleles.

Post-intervention comparisons

Main effect of the Glu490Asp polymorphism was observed for final body weight and
BMI values adjusted by initial measurements (p=0.038, F=4.363 (1), np=0.026 for
weight and p=0.029,F=4.864, np=0.029 for BMI), moreover interaction with sex
(p=0.015, F=6.029 (1), np=0.036 for body weight and p=0.006, F=7.824 (1), np=0.046
for BMI) and exercise group (supervised/ no supervised, p=0.028, F=4.888 (1),
np=0.029 for body weight and p=0.016, F=5.917 (1), np=0.035 for BMI) and a triple
interaction among the polymorphism, sex and exercise group (p=0.043, F=4.167 (1),
np=0.025 for body weight and p=0.019, F=5.659 (1), np=0.034 for BMI) were found.
Post hoc analyses revealed same tendency for body weight as well as for BMI. Subjects
with Asp490Asp genotype decreased these variables more than Glu490 allele carriers
(body weight, p=0.038, 1.79 kg; BMI, p=0.025, 0.66 kg/m?). This was also observed in
the subgroups of women (body weight, p=0.001; BMI, p=0.0004), of non-supervised
subjects (body weight, p=0.014; BMI, p=0.08 for BMI), and of non-supervised women

(body weight, p=0.0002; BMI, p=.00003) (Figure 25a and 25b).
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Figure 25. Weight and BMlI values before and after the intervention in women and men in MCT1
genotype and exercise groups

Asp490Asp (Glu490-), Glu490Asp and Glu490Glu (Glu490+).Means of pre and post values of Body mass
in women (a), BMI in women (b), Body mass in men (c), BMI in men (d).

Moreover within Glu490 carrier and Glu490 carrier female participants the supervised
group finished with lower weight (p=0.045, 1.70 kg and p=0.031, 2.65 kg) and BMI
(p=0.03, 0.64 kg/m? and p=0.018, 1,0 kg/m?) than the non-supervised. However the
female Asp490Asp group showed the contrary, supervised female Asp490Asp group
ended up with 4.61 kg more than non-supervised (p=0.023) and 1.84 kg/m? of BMI
(p=0.009) (Figure 25). The effect sizes determined for body weight and BMI indicated
similar effects of the Glu490 allele over both parameters, in accordance with the
results observed with the ANCOVA. Effects were trivial or unclear in all the groups
except for women in the non-supervised groups, where is certainly likely that the
Glu490 allele exhibit a large (for body weight) and moderate (for BMI) positive effect

(Table 7).
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Table 7. Differences during the intervention on the studied variables for gender and
exercise groups in carriers vs non-carriers

Chance of s
Variables Groups ES (Cl 90%) being Qualitative
L Inference
+/trivial/-
Weight Men supervised -0.03 (-0.21, 0.15) 2/92/6 likely trivial
Men non-supervised  0.02 (-0.39, 0,43) 22/61/17 unclear
Women supervised 0.01 (-0.21, 0.24) 8/87/5 unclear
Women non- 1.24 (0.79, 1.68) 100/0/0 _ .
supervised most likely positive
BMI Men supervised -0.04 (-0.28, 0.2) 5/81/14 likely trivial
Men non-supervised  0.03 (-0.45, 0.51) 26/54/20 unclear
Women supervised 0.02 (-0.26, 0.32) 15/74/11 unclear
Womel.’] non- 1.04 (0.67, 1.42) 100/0/0 . .
supervised most likely positive
%Fat Men supervised -0.25 (-0.52, 0.02) 0/37/63 possibly negative
Men non-supervised -0.46 (-0.91, -0.01) 1/15/84 likely negative
Women supervised -0.19 (-0.45, 0.08) 1/52/47 possibly negative
Womel.’] non- 1.15(0.42, 1.15) 98/2/1 . L
supervised very likely positive
%FFM Men supervised 0.15 (0.04,0.26) 24/76/0 likely trivial
Men non-supervised 0.26 (0.08, 0,45) 0/27/73 possibly negative
Women supervised -0.03 (-0.14, 0.08) 1/99/0 very likely trivial
Women non- 0.25 (-0.12, 0.62) 3/37/60

supervised

possibly negative

ES, effect size; Cl, confidence interval

On the other hand, the Glu490Asp polymorphism seems to have a slightly different

influence on body composition variables. Interaction with sex (p=0.002) and a triple

interaction with sex and exercise (p=0.017) came out in the ANCOVA. Based on post

hoc analyses, Asp490Asp women had less final percentage fat in their whole group

(p=0.025, 1.94%) as well as within the non-supervised women group (p=0.002, 4.49%),

than Glu490 carriers (Figure 26a). The effect size associated with the latter difference

indicates that the Glu490 allele has a moderate and very likely positive effect over

percentage fat response only in women within the non-supervised group (Table 7).
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Furthermore, the post-hoc analysis showed opposite results for men, where the
Glu490 carriers ended up with less percentage fat than Asp490Asp subjects (p=0.037,
1.87%) (Figure 26c¢), being the effect sizes small and possibly negative in the supervised

group or likely in non-supervised group (Table 7).
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Figure 26. Percentage fat and percentage fat free mass values before and after the intervention in
women and men in MCT1 genotype and exercise groups

Asp490Asp (Glu490-), Glu490Asp and Glu490Glu (Glu490+).Means of pre and post values of percentage
fat in women (a), percentage fat free mass in women (b), percentage fat in men (c), percentage fat free
in men (d).

As for the comparison of the exercise groups within genetic groups, in female
Asp490Asp group non-supervised participants lowered greater percentage fat than

supervised (p=0.036, 3.07%) while in the Glu490 allele carrier group the contrary

(p=0.002, 1.55%, in women p=0.032, 2.02%).

For percentage FFM interaction with sex (p=0.002), and interaction among

polymorphism, sex and exercise groups (0.017) were found. Differences were seen for
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Asp490Asp and Glu490 carrier women (p=0.005, 2.76%), and more specifically in non-
supervised women (p=0.001, 5.61%) (Figure 26b). For this variable, the effect sizes
were similar in men and women, showing a possibly small protective effect of carrying

the Glu490 allele in the non-supervised groups (Table 7).

Finally comparing the exercise groups in each genetic group, we observed that Glu490
carriers ended up with higher percentage FFM than Asp490Asp homozygotes only in
the supervised group (in the whole group p=0.002, 2.23%; in women p=0.01, 2.62%),

but with a trivial effect (Table 7).

Discussion

Besides its key role in lactate metabolism, recent works have suggested that MCT1
might have an influence over the regulation of energy balance and body composition
parameters (Carneiro & Pellerin, 2015; Hajduch et al., 2000; Hargrave et al., 2015;
Lengacher et al.,, 2013; Massidda et al., 2016; Simar et al., 2012). This makes
interesting to analyze the role of MCT1 in body composition responses after a weight
loss program. Our results uncover an influence of the Glu490Asp genetic variant in the
MCT1 gene on these responses, showing that the absence of the Glu490 allele implies
less weight, BMI and percentage fat at the end of the program, especially in non-
supervised women. The effects of the genotype in these cases are large or moderate,

indicating that differences between genetic groups are considerable.

The impact of the GIu490Asp polymorphism over the MCT1 function has been proved
both in vitro (Sasaki et al., 2015) and in vivo (Cupeiro et al., 2012, 2016, 2010;
Fedotovskaya et al., 2014), evidencing a reduced lactate transport for the Asp allele.

Given these differences in lactate transport and that role of MCT1 in body weight
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regulation was suggested, possible differences in body weight reduction and in body

composition changes were expected in our study.

Therefore our results would support the involvement of MCT1 in body composition
since a different functionality of MCT1 caused by the SNP (i.e. the Asp490Asp group)
somehow benefit the responses to a traditional weight loss program (i.e. hypocaloric
diet plus exercise recommendations) in healthy overweight and obese women. These
results are in line with those by Lengacher (Lengacher et al., 2013), who observed a
resistance to obesity in genetically modified mice for MCT1. These authors reported
that heterozygotes mice with only one valid MCT1 allele, which displayed a reduce
expression for MCT1, were resistant to increase their body fat, insulin resistance,
glucose intolerance and other metabolic dysregulations associated with obesity, when
the mice were feed with a high fat diet. Although their work differs from ours in the
body weight change induced (their intervention increased body weight while our
intervention reduce it), both studies showed a protective or beneficial effect of a lower
MCT1 function. In our case, however, we detected this effect mainly in women within
the non-supervised group. One plausible explanation for this result lies on a different
MCT1 expression due to the different exercise programs and the different male and
female muscle metabolisms. The non-supervised group followed a non-specific and
non-compulsory recommendation of at least 150 min of moderate exercise per week,
without any kind of supervision (as it happens in the actual treatment that most of the
obese and overweight people receive at Spain). This probably resulted in a less intense
exercise intervention compared with the supervised group, which would have
produced higher MCT1 expression in the supervised groups, which has been stated by

several authors (Bickham et al. 2006; Dubouchaud et al. 2000; Juel, Holten, and Dela
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2004). Moreover, the higher anaerobic metabolism reported for men (Isacco, Duché,
and Boisseau 2012) might promote the non-supervised exercise as an anaerobic
stimulus enough for eliminating the differences seen for women. However, this is only
a theoretical hypothesis since we did not measure MCT1 expression, and further
studies analyzing weight loss, GIu490Asp polymorphism and MCT expression are

needed to elucidate the physiological basis of the results observed in our sample.

On the other hand, we also seen that within the women carrying the Glu490 allele,
those who exercised under supervision lost more weight, BMI and percentage fat than
those in the non-supervised group, and the opposite occurs for the Asp490Asp women.
This divergent behavior implies that with a normal MCT1 functionality the most
beneficial intervention seems to be hypocaloric diet plus supervised exercise at
moderate intensity (i.e. 50%-60% of the maximum), which has been reported to be the
most successful program for losing percentage fat in overweight subjects in a paper
being under review from our project. Therefore, the Glu490 carrier women would
behave as the overweight subjects, supporting the idea of a different response of the

Asp490Asp female mediated by MCT1 function.

Based on the mouse study of Lengacher et al. we expected less Asp490 allele presence
in our overweight and obese sample, because the Glu490 allele would imply more
susceptibility to be obese in obesogenic environment (Lengacher, Nehiri-Sitayeb,
Steiner, Carneiro, Favrod, Preitner, Thorens, Stehle, Dix, Pralong, et al. 2013). However
the frequency of the Asp490 allele in our sample was 0.54, while other studies report
in non-athletic populations 0.30-0.35 (Ben-Zaken et al. 2015; Merezhinskaya et al.

2000; Lean and Lee 2009; Sawczuk et al. 2015). The explanation for this might be that
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our participants were all healthy, in contrast to the impaired insulin sensitivity and
fatty liver of the affected mice, thus it is possible that that Glu490 allele inflicts health

problems.

Finally we also observed a small effect of the Glu490Asp polymorphism over the
change in percentage FFM during our intervention, in both men and women following
the non-supervised group. Within these groups, those with the Asp490Asp genotype
lost less percentage FFM than the Glu490 carrier groups. Although with a little effect,
these results are in accordance with those seen by Massidda et al., where the
Asp490Asp genotype had a significantly higher percentage FFM than those with the
Glu490Glu genotype (Massidda et al.,, 2016). The authors explain their results
suggesting an elevated expression of genes associated with muscle hypertrophy due to
the accumulation of lactate in Glu490Glu subjects. However, their sample was
composed of highly trained athletes (young soccer players competing in the National
Level of the Italian soccer Championship) whereas our result only appears in the non-
supervised group, uncover a potential key interaction with exercise. It seems that the
differences in percentage FFM among genetic groups appears when the training load is
high (soccer players) or very low (exercise recommendations), but in medium ranges
the exercise could compensate the effect of the polymorphism in starting practitioners,
where other stimuli apart from lactate accumulation could lead to muscle protein

synthesis (Schoenfeld, 2013).

A limitation of our work is the small sample size, as the main project was designed
taking into account the main objective (weight loss) and not the future genetic

analyses. Moreover we could not measure MCT1 expression, it would have been good
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to see direct relation with the genotypes and get information on the underlying
mechanisms, which results in the differences observed in our study. However, the
strength of our project was the controlled exercise and diet during the intervention,
which should be followed in future studies. Such quality (controlled programs and
extended variable number) with larger sample sizes could be carried out with multi-

center collaborations.

In conclusion, MCT1 Glu490Asp polymorphism seems to influence weight and body
composition changes during a diet and exercise intervention, our novel results should

be replicated though.
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3.4. Do common polymorphisms influence body weight and fat

regain after a weight loss intervention?

Abstract

Purpose: To test whether polymorphisms in previously suggested obesity genes are
associated with weight regain, BMI and body fat changes over 3 years of follow-up
after a controlled weight loss intervention of overweight and obese subjects. Methods:
A total of 98 subjects (49 men, 49 women) were available for analysis who completed
a 22-week long weight loss intervention and a subsequent 3-year long follow up.
Polymorphisms from six genes were included: ADRB2, ADRB3, LEPR, PPARG and MCT1.
General lineal model (GLM) was used to analyze associations between the
polymorphisms and weight, BMI, fat mass and percentage fat at the end of the
intervention and 3 vyears later. Effect size was calculated (standardized mean
differences and 90% confidence intervals). Results: All genotype distributions were
found to be in Hardy—Weinberg equilibrium. ADRB3 Arg64 allele showed and
interaction with sex for weight and BMI (weight: F=4.013, p=0.048; BMI: F=4,814,
p=0.031) 3 years after the program. In men, carriers of the Arg64 allele increased
weight and BMI more than the non-carriers. In addition, main effect of the LEPR
Arg223 allele was observed for percentage fat 3 year follow up point (F=4.830,
p=0.031). Non-carriers of the Arg223 had less percentage fat than the carriers.
Nevertheless, no p-values reached the corrected alpha level. No other differences
were found between genotype groups of the other polymorphisms for changes of

weight, BMI, fat mass or percentage fat. Conclusion: A tendency was seen for the
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influence of the Trp64Arg and GIn223Arg polymorphisms on body composition
changes over 3 years follow up after a diet and exercise weight loss intervention.
However, we did not found strong evidence that these polymorphisms are associated
with weight regain or body fat changes. They cannot be discarded either, further

studies are needed to clarify if they have any role in obesity.

Introduction

Overweight and obesity are today considered to be amongst the major public health
problems of our society. Nicklas et al. found (according to a population survey) that in
the United States 63% of obese participants reported trying to lose weight in the past
12 months, among these 40% achieved to lose >5% and 20% achieved to lose >10%
weight (Nicklas et al. 2012). However, the fact that the prevalence is still rising
suggests that most of them do not succeed and only 20% of them is able to maintain
the achieved weight with struggles and hard work (Wing and Phelan 2005;

Kraschnewski et al. 2010), which turns out to be a bigger challenges than weight loss.

It is undoubted that weight, overweight, weight loss and weight maintenance are
complex phenotypes and phenotype changes, that results of the effect of many
dependent and independent factors (social, cultural, genetic, physiological,
psychological etc.) (McPherson 2007). Many candidate gene studies and a few
genome-wide association studies (GWAS) set the goal to see the association between
certain polymorphisms and obesity related phenotypes such as weight, body mass
index (BMI), fat mass, but the findings are not concordant. Nevertheless, there are less
candidate gene studies on weight loss and even less with weight maintenance; and to

the best of our knowledge, no GWAS has been carried out with these variables.
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The ADRB2 and ADRB3 genes encode proteins that influence energy expenditure by
promoting lipolysis and fat mobilization and modifying glucose metabolism (Arner
1992; Hagstrom-Toft et al. 1998; Lafontan et al. 1997). The protein of the LEPR gene is
a component of the leptin-insulin pathway, binds the leptin which interacts with other
neuropeptides regulating food intake, appetite control, energy homeostasis and
thermogenesis (Dulloo et al. 2002; Jequier 2002). The protein expressed from the
PPARG gene plays a role in the transcriptional processes regulating adipocyte
differentiation, lipid storage, fat-specific gene expression and insulin signaling (Auwerx
1999; Lehrke and Lazar 2005; Meirhaeghe and Amouyel 2004). MCT1 is a membrane
transporter which symports a proton together with a monocarboxylate molecule such
L-lactate, pyruvate or the ketone bodies beta-hydroxybutyrate and acetoacetate
(Poole and Halestrap 1994), and lately it has been mentioned in relation to obesity and

body composition (Carneiro and Pellerin 2015; Massidda et al. 2015).

Polymorphisms in the genes of these proteins have been suggested to affect obesity
related genotypes, among them the beta-2 and beta-3 adrenergic receptors (ADRB2,
ADRB3) (Clement et al. 1995; Lange et al. 2005; Large et al. 1997; Ukkola et al. 2003;
Ukkola et al. 2000), the leptin receptor (LEPR) (Bender et al. 2011; Chagnon et al. 1999;
Mammes et al. 2001), the peroxisome proliferator-activated receptor gamma (PPARG)
(Clement et al. 2000; Deeb, Fajas, Nemoto, Pihlajamaki, et al. 1998; Nicklas et al. 2001)
and recently has appeared a possible new candidate gene in this field, the
monocarboxylic acid transporter (MCT1) (Massidda et al. 2015; Carneiro and Pellerin

2015).

101



Methodology, Results & Discussion

Therefore, the objective of this study was to analyze whether the ADRB2 GIn27Glu,
ADRB3 Trp64Arg, LEPR GIn223Arg and Lys656Asn, PPARG Prol12Ala, MCT1 Glu490Asp
polymorphisms influence weight and body fat maintenance after the completion of a

controlled diet and exercise weight loss program.

Methods

Design

The present Randomized Control Trial (RCT; ClinicalTrials.gov ID: NCT01116856) was
conducted from January, 2010, through June, 2011, and followed the ethical guidelines
of the Declaration of Helsinki. The Institutional Review Board of the La Paz University
Hospital (PI-643) reviewed and approved the study design and research protocol.
Details of the study’s theoretical rationale, protocol, and intervention are described

elsewhere (Zapico et al. 2012).

Participants

The study participants were recruited through several advertisements campaigns
covering a wide variety of media (television, radio, press and Internet). A total of 2319
potential participants were informed about the nature of the study. Those who were
18 to 50 years old, had a BMI between 25 and 34.9 kg/mz, were non-smokers, were
sedentary (i.e., two hours or less of structured exercise per week) (Brochu, Wagner, et
al. 2009; Brochu, Malita, et al. 2009) and had glucose values <5.6 mmol/L (<100 mg/dL)
(Rutter et al. 2012) were invited to participate in this study. Women with any
disturbances in menstrual cycle were not eligible to participate in the study. The 239

eligible participants who were willing to participate provided written informed consent
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prior to joining the study and then completed a baseline assessment at the medical
center. Subjects were randomly assigned (computer-generated) to intervention groups.
After dropouts, finally, 98 subjects were included in the present study (having

completed the 3 year follow up assessment).

Procedures

A 6-months diet and exercise-based intervention, focusing on a behavior change.
Participants entered into the study in two waves, one of overweight participants and
the other of obese participants. Each wave was split into four randomly assigned
groups, stratified by age and sex: strength group, endurance group, combined strength
and endurance group and the control group, who follow the physical activity
recommendations. The measurements took place in the first week (pre-intervention
values) for all participants before starting and after 22 weeks of intervention, in week
24 (post-intervention values). After the intervention period, all participants were under
a free-living condition, and they were required to inform about their body weight and
their nutritional and physical activity behaviors every 6 months, by e-mail or telephone

call. In addition, a third measurement took place 3 years after the intervention period.

Before the intervention physical activity was assessed by a SenseWear Pro3 Armband™
accelerometer (Body Media, Pittsburgh, PA). Daily energy expenditure was calculated

using the Body Media propriety algorithm (Interview Research Software Version 6.0).
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Diet intervention

All participants followed an individualized hypo-caloric diet, with a 25-30% caloric
restriction from their own daily energy expenditure (NIH 1998), which was measured
by using the SenseWear Pro3 Armband™ (Body Media, Pittsburgh, PA), that
underestimates by a mean value of 8.8% (Papazoglou et al. 2006). Then, the
macronutrient distribution was according to the Spanish Society of Community

Nutrition recommendations (Dapcich et al. 2004).

Exercise intervention

All exercise groups (Strength, Endurance and combined Strength and Endurance
groups) followed an individualized training program, which consisted on three times
per week exercise sessions during 22 weeks, carefully supervised by certified personal
trainers. Details of the different protocols developed by the groups are described

elsewhere (Zapico et al. 2012).

Control group

Participants from the control group followed the dietary intervention and received
recommendations about physical activity from the ACSM (Donnelly et al. 2009). Thus,
the C subjects were advised to undertake at least 200-300 min of moderate-intensity

physical activity per week (30—60 min on most, if not all, days of the week).

Body composition

Body weight was measured in kilograms with a Tanita scale (TANITA BC-420MA. Bio
Légica. Tecnologia Médica SL). Height was measured using a SECA stadiometer (range

80-200 cm). The BMI was calculated as [body weight (kg)/(height (m))?]. Body
104



Methodology, Results & Discussion

composition (fat mass and fat-free mass) was assessed by Dual-energy X-ray
Absorptiometry (DXA, GE Encore 2002, version 6.10.029, GE Lunar Prodigy; GE

Healthcare, Madison, WI).

Follow up

Participants were contacted each year via telephone to answer a short questionnaire
including current weight. In addition, 3 years after the end of the intervention

participants took part in an evaluation of weight and body composition (DXA).

Genetic analyses

Whole blood samples (5 ml) were collected in ethylene-diaminetetraacetic acid (EDTA)
from each participant and sent to the laboratory for the analysis. Deoxyribonucleic
acid (DNA) was extracted from each sample using the "QlAamp® DNA Blood Mini Kit"
(QIAGEN Hilden, Germany) and the genotyping was performed for each single
nucleotide polymorphism. For the overweight phase, the analysis was done using
polymerase chain reaction and restriction fragment length polymorphism techniques
described before; ADRB2 GIn27Glu (rs1042714) (Large et al. 1997); ADRB3 Trp64Arg
(rs4994) (Clement et al. 1995); LEPR GIn223Arg (rs1137101) and Lys656Asn
(rs1805094) (Gotoda et al. 1997; Matsuoka et al. 1997); PPARG Pro12Ala (rs1801282)
(Hara et al. 2000) and MCT1 Glu490Asp (rs1049434) (Cupeiro et al. 2010)
polymorphisms. For the obese phase, the genotyping of the six polymorphisms was
carried out using the corresponding TagMan® SNP Genotyping Assays (Applied
Biosystem, Foster City, CA, USA) with StepOne® Real Time PCR System (Applied

Biosystem, Foster City, CA, USA).
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Statistical analyses

Normal distribution of each dependent variable was tested using Qunatile-Quantile
plots. Descriptive analysis was performed using mean and standard deviations. Chi-
square test was used to assess whether observed genotype frequencies were in the
Hardy—Weinberg equilibrium. We divided the sample into carriers and non-carriers of
the certain alleles of the polymorphisms based on literature and previous results from
our study. General lineal model (GLM, multivariate model) was performed for weight,
BMI, fat mass and percentage body fat (final values of the intervention and 3 years) for
the follow up adjusted by change values during the intervention and age to see
differences between genotype groups and sexes. Statistical significance was defined at
the corrected alpha of 0.00417 with correction for repeated tests across the analyses.
Afterwards, the effect sizes for the presence of each polymorphism were assessed via
standardized mean differences computed with pooled variance, and the respective
90% confidence intervals were calculated. Interpretation of effect sizes was based on
the following criteria: 0-0.2 trivial, >0.2-0.6 small, >0.6-1.2 moderate, >1.2-2 large, and
>2 very large (Hopkins 2006). Probabilities that the true effect of carrying the Glu490
allele was harmful, trivial, and beneficial were also calculated and interpreted as
follows (Hopkins et al. 2009): <0.5%, most unlikely, almost certainly not; >0.5- 5%, very
unlikely; >5-25%, unlikely, probably not; >25-75%, possibly; >75-95%, likely, probably;
>95-99.5%, very likely; >99.5%, most likely, almost certainly. The statistical analyses
were performed using IBM SPSS statistics for windows, Version 24.0 (Armonk, NY, USA:

IBM Corp.) and Microsoft Excel spreadsheets (Microsoft, Redmond, WA).
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Results

Baseline characteristics (time point after the weight loss intervention, before the
follow up) of the 98 subjects who participated in present study (after dropouts,

exclusions because of low adherence, and missing data) are summarized in table 8.

Table 8. Baseline (after the weight loss intervention) characteristics of the subjects in

Study IV

BASELINE WOMEN (49) MEN (49)
Age (years) 38.7348.53 39.61+7.71
Height (m) 1.61+0.07 1.76+0.07
Body weight (kg) 71.3749.55 86.00+£10.92
BMI (kg/m?) 27.47+2.81 27.84+2.87
Fat mass (kg) 28.21+5.92 25.49+7.29
Fat percentage (%) 40.30+4.29 30.1846.07
Data presented as Mean * Standard Deviation

Genotype distributions and allele frequencies of the six gene polymorphisms are
shown in Table 9 and 10. All genotype distributions were found to be in Hardy—

Weinberg equilibrium (p>0.05).
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Table 9. Genotype distribution and allele frequency of the polymorphisms of ADRB2,
ADRB3 and LEPR genes in Study IV

ADRB2
GIn27GIn GIn27Glu Glu27Glu GlIn27 Glu27
All (98) 36 (36.7%) 44 (45%) 18 (18.3%) 116 (59.2%) 80 (40.8%)
Women (49) 19 (38.8%) 26 (53.1%) 4 (8.1%) 64 (65.3%) 34 (34.7%)
Men(49) 17 (34.7%) 18 (36.7%) 14 (28.6%) 52 (53.1%) 46 (46.9%)
ADRB3
Trp64Trp Trp64Arg Argb64Arg Trp64 Argbd
All (98) 88 (89.8%) 10 (10.2%) 0 186 (94.9%) 10 (5.1%)
Women (49) 43 (87.8%) 6 (12.2%) 0 92 (93.9%) 6(6.1%)
Men(49) 45 (91.8%) 4 (8.2%) 0 94 (95.9%) 4 (4.1%)
LEPR
GIn223GIn GIn223Arg Arg223Arg GIn223 Arg223
All (98) 34 (34.7%) 51 (52%) 13 (13.3%) 119 (60.71%) 77 (39.3%)
Women (49) 17 (34.7%) 28 (57.1%) 4(8.2%) 62 (63.3%) 36 (36.7%)
Men(49) 17 (34.7%) 23 (46.9%) 9 (18.4%) 57 (58.2%) 41 (41.8%)

Data presented as n (%) for genotypes and n (frequency) for alleles.

ADRB2, beta-2 adrenergic receptor; ADRB3, beta-3 adrenergic receptor; LEPR, leptin
receptor.
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Table 10. Genotype distribution and allele frequency of the polymorphisms of LEPR,
MCT1and PPARG genes in Study IV

LEPR
Lys656Lys Lys656Asn Asn656Asn Lys656 Asn656
All (98) 64 (65.3%) 33 (33.7%) 1(1%) 161 (82.1%) 35(17.9%)
Women (49) 36 (73.5%) 12 (24.5%) 1(2%) 84 (85.7%) 14 (14.3%)
Men(49) 28 (57.1%) 21 (42.9%) 0 77 (78.6%) 21 (21.4%)
MCT1
Glu490Glu Glu490Asp Asp490Asp Glu490 Asp490
All (98) 28 (28.57%)  45(45.92%) 25 (25.52%) 101 (51.5 %) 95 (48.5%)
Women (49) 16 (32.7%) 24 (49%) 9 (18.3%) 98 (57.1%) 42 (42.9%)
Men(49) 12 (24.5%) 21 (42.9%) 16 (32.7%) 45 (45.9%) 53 (54.1%)
PPARG
Prol2Pro Prol2Ala Alal2Ala Prol2 Alal2
All (98) 81 (82.7%) 16 (16.3%) 1(1%) 178 (90.8%) 18 (9.2%)
Women (49) 39 (79.6%) 9 (18.4%) 1(2%) 87 (88.8%) 11 (11.2%)
Men(49) 42 (85.7%) 7 (14.3%) 0 91(92.9%) 7 (7.1%)

monocarboxylic acid transporter.

Data presented as n (%) for genotypes and n (frequency) for alleles.

LEPR, leptin receptor; PPARG, peroxisome proliferator-activated receptor gamma; MCT1,

An interaction between the Arg64 allele and sex was observed for weight and BMI at

the 3 years follow up time point (weight: p=0.048, F=4.013 (1) ; BMI: p=0.031, F=4.814

(1)), and it was revealed that difference was within men, carriers of the Arg64 allele

regained more weight than non-carriers (Figure 27b), although the associated effect

size in both parameters was unclear (Table 11).
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Figure 27. BMI and percentage fat in non-carriers and carriers for each polymorphism at the end of the
intervention and after 36 months in men
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Table 11. Differences during the follow up on the studied variables in the carrier vs non-
carrier groups in men

Allele (gene)  Variables  ES (CI 90%) beiﬁgir/‘fﬁ\?igl . Quaitative
Glu27 (ADRB2) |weight -0.02 (-0.26, 0.22) 6/83/11 unclear
BMI -0.03 (-0.33, 0.27) 10/73/17 unclear
fat -0.09 (-0.48, 0.30) 11/57/32 unclear
fat% -0.12 (-0.56, 0.32) 12/50/38 unclear
Arg64 (ADRB3) |weight 0.37 (-0.49, 1.23) 69/21/10 unclear
BMI 0.37 (-0.49, 1.23) 69/21/10 unclear
fat 0.79 (0.24, 1.33) 96/3/1 very likely positive
fat% 0.78 (-0.21, 1.78) 89/6/5 unclear
Arg223 (LEPR) |weight -0.03 (-0.34, 0.27) 10/73/18 unclear
BMI -0.04 (-0.42, 0.33) 14/62/24 unclear
fat 0.25 (-0.12, 0.63) 59/38/3 possibly positive
fat% 0.42 (-0.03, 0.86) 80/19/1 likely positive
Asn656 (LEPR) |weight 0.07 (-0.19,0.33) 20/76/4 unclear
BMI 0.09 (-0.23, 0.41) 28/65/7 unclear
fat 0.15 (-0.18, 0.48) 40/56/4 possibly positive
fat% 0.17 (-0.24,0.57) 44/49/7 unclear
Glu490 (MCT1) |weight 0.00 (-0.28, 0.29) 12/76/12 unclear
BMI 0.00 (-0.35, 0.36) 18/65/17 unclear
fat 0.27 (-0.12, 0.67) 62/35/3 possibly positive
fat% 0.26 (-0.16,0.67) 59/37/4 possibly positive
Alal2 (PPARG) |weight 0.25 (0.09, 0.41) 71/29/0 possibly positive
BMI 0.31 (0.11, 0.52) 83/17/0 likely positive
fat -0.42 (-1.17,0.34) 8/22/70 unclear
fat% -0.38 (-1.11, 0.34) 8/24/68 unclear

ES, effect size; Cl, confidence interval

Moreover, main effect of the Arg223 was found for percentage fat at the 3 year follow

up time point (F=4.830, p=0.031). Carriers of the Arg223 allele ended up with higher

percentage fat (figure 27c). The effect size of the Arg223 allele for percentage fat (and

fat mass) in both men and women was small and possibly positive (Tables 11 and 12).
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Values for BMI and percentage fat before and after the follow up in women is shown in

Figure 28.
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Figure 28. BMI and percentage fat in non-carriers and carriers for each polymorphism at the end of the
intervention and after 36 months in women
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Table 12. Differences during the follow up on the studied variables in the carrier vs non-
carrier groups in women

Allele (gene)  Variables  ES (CI 90%) beiggir/]ffi\(/)igl N ?ﬁ?e“rtearf(':‘f
Glu27 (ADRB2) |weight 0.12 (-0.24, 0.49) 36/57/7 unclear
BMI 0.16 (-0.31, 0.63) 44/46/10 unclear
fat -0.03 (-0.52, 0.46) 22/50/28 unclear
fat% -0.18 (-0.75, 0.38) 13/39/48 unclear
Arg64 (ADRB3) |weight -0.01 (-2.52, 2.50) 35/30/35 unclear
BMI -0.01 (-3.24, 3.23) 37/24/39 unclear
fat -0.37 (-0.89, 0.16) 4/25/71 possibly negative
fat% -0.29 (-0.88, 0.29 8/31/61 unclear
Arg223 (LEPR) |weight 0.11(-0.29, 0.51) 36/55/9 unclear
BMI 0.03 (-0.09, 0.15) 2/98/0 very likely trivial
fat 0.31 (-0.15, 0.77) 66/31/3 possibly positive
fat% 0.31 (-0.18, 0.79) 65/31/4 possibly positive
Asn656 (LEPR) |weight 0.06 (-0.29, 0.41) 25/64/11 unclear
BMI 0.08 (-0.37, 0.53) 32/53/15 unclear
fat 0.03 (-0.42, 0.47) 26/54/20 unclear
fat% -0.12 (-0.62, 0.39) 15/46/39 unclear
Glu490 (MCT1) |weight -0.06 (-0.38, 0.26) 9/68/23 unclear
BMI -0.08 (-0.49, 0.33) 13/56/31 unclear
fat -0.10 (-0.82, 0.63) 24/36/40 unclear
fat% -0.13 (-0.96, 0.71) 25/31/44 unclear
Alal2 (PPARG) |weight 0.22 (-0.39, 0.83) 53/36/11 unclear
BMI 0.28 (-0.50, 1.06) 58/29/13 unclear
fat 0.27 (-1.02, 1.55) 54/21/25 unclear
fat% 0.04 (-1.55, 1.64) 43/19/38 unclear

ES, effect size; Cl, confidence interval

Weight regain, BMI, fat mass or percentage fat changes were similar during the 3-year
follow up in carriers and non-carriers for the other polymorphisms. Calculated effect
sizes showed the following. In women, a small and possibly negative effect of the
Argb4 allele was seen for fat mass (Table 12), but the contrary was observed in men, a
moderate, very likely positive effect for fat mass (Table 11). Furthermore, a possible

harmful effect of the Asn656 allele was found for fat mass in men (Table 11). Moreover,
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effect size showed a trivial and possibly positive effect on fat and fat mass in men
(Table 11). Weight (small and possibly positive) and BMI (small and likely positive)
seems to be associated with Alal2 allele in men according to standardized mean

differences (Table 11).

Discussion

The aim of the present study was to see the effect of common polymorphisms of the
ADRB2, ADRB3, LEPR, PPARG and MCT1 genes on weight and body fat maintenance
throughout 3 years after a 22-week diet and exercise intervention. Our results suggest

no strong influence of the studied polymorphisms and body composition changes.

Though we can find a wide range of epidemiological studies on obesity phenotypes in
connection with these polymorphisms, just a handful of studies has investigated the
role of these in weight loss or even less in weight regain. The comparison of studies is

also complicated because the methodologies of the interventions are diverse.

Based on our results, men carriers of the Arg64 allele of the ADRB3 gene had higher
weight and BMI values 3 years after the intervention than the non-carriers, however
the difference due to the presence of the allele was unclear. A previous study analyzed
the effect of Trp64Arg polymorphism in an intervention program with weight
maintenance, but found no differences among genetic groups (Masuo et al. 2005).
However, this study included Japanese participants and subjects of this intervention
followed a low calorie diet and aerobic exercise; however, counseling sessions were
continuous all long the 24 months (not a free living maintenance as in our study)
(Masuo et al. 2005). It was previously suggested that there might be big differences

among races and a meta-analysis confirmed the heterogeneity of the effect of the
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Trp64Arg polymorphism according to race, namely, it might be associated in East
Asians, but not in Europeans (Kurokawa et al. 2008). Larsen et al. found no evidence
for the influence of the Trp64Arg polymorphism on European populations (different
European centers), after an 8-week long low calorie diet during 6-month long follow up,
but still applying different diets (comparing different dietary protein and glycemic
index proportions) again not free living condition as in our study and no exercise was
included (Larsen et al. 2012). Another research group found that a combination of the
Trp64Arg polymorphism and A-G mutation in the UCP-1 (uncoupled protein-1) gen
may be associated with faster weight gain after a very low calorie diet (Fogelholm et al.
1998). Arg64 allele’s implication in weight regain and BMI increase can be explained by
its original proposal as a candidate gene, since the ADRB3 protein influences energy
expenditure, lipid and glucose metabolism (Arner 1992; Hagstrom-Toft et al. 1998;
Lafontan et al. 1997). Differences in these roles (lower lipolysis) were reported by
functional studies (Pietri-Rouxel et al. 1997; Umekawa et al. 1999), which could explain,
at least in part, why men carrying this allele regain more weight than no-carriers

during the follow-up.

On the other hand, carriers of the Arg223 allele of the LEPR gene had higher
percentage fat than the non-carriers 3 years after the intervention, with small sizes in
both genders. To the best of our knowledge, only the previously mentioned study of
Larsen et al. included the LEPR gene studying only the GIn223Arg polymorphisms
reporting no differences (Larsen et al. 2012). As mentioned before, it was not a free
living follow up study, therefore the different results obtained by us could be due to

the different protocols. However, the fact that the Arg223 allele caused altered leptin
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receptor function (food intake, appetite control, energy homeostasis) (Dulloo et al.

2002; Jequier 2002) support the differences between genetic groups seen in our study.

The previously mentioned Japanese study included the GIn27Glu polymorphism,
showing that groups which failed to lose weight at 6 months had higher frequencies of
the Glu27 allele compared to the groups succeeded in significant weight loss at 6
months. In addition, subjects carrying the Glu27 allele had greater total body fat mass,
but no difference in BMI (Masuo et al. 2005). No differences in weight and BMI
phenotypes are concordant with our results, however differences in fat mass are
contradictory. Race differences were suggested for the GIn27Glu polymorphism too,
specifically it seems to be a risk factor for obesity in Asians, Pacific Islanders, and

American Indians, but not in Europeans (Jalba, Rhoads, and Demissie 2008).

In line with our results, Larsen et al. found no differences between carriers and non-
carriers of the PPARG Prol12Ala polymorphism. Aldhoon et al. during a low energy diet
and increased physical activity intervention and follow up in Czech obese women
revealed no difference either (Aldhoon, Zamrazilova, et al. 2010), nor Vogels et al.
during a 1 year maintenance following a 6-week very low calorie diet with Dutch
subjects (Vogels et al. 2005). Nevertheless, Delanthy et al. during a long follow up in
overweight and obese adults (pooling placebo, metformin treated and lifestyle
modification groups, however adjusting later for age, sex, ethnicity, treatment and
baseline values) reported that the Alal2 allele was associated with weight regain
(Delahanty et al. 2012). Nicklas et al. found that weight regain during 12-month follow
up of a 6-month hypocaloric diet was greater in Alal2 allele carrier women than in

Pro12Pro homozygotes and PPARG genotype was the best predictor of weight regain.
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On the other hand, Goyenechea et al. 1 year after a low energy diet found that the
protective effect of the 174G-C polymorphism of the IL-6 gene was strengthened by

the Argb4 allele (Goyenechea, Dolores Parra, and Alfredo Martinez 2006).

Due to the interventional nature of the study, relatively limited number of participants
can be involved in individualized and supervised exercise and diet counseling. On the
other hand, number of subjects in different genotype groups is low in some cases, as
genotyping took place after selecting the subjects, although with several genes and
polymorphisms it would be hard to randomize equally for each gene. One of the
strengths of our study is that both diet and exercise parts of the weight loss
intervention were controlled. Moreover, at the 3-year time point again not only weight

was measured, but body composition with DXA was assessed.

In conclusion, our results do not clearly support the role of the studied polymorphisms
in weight and body fat regain after the completion of a weight loss intervention. The
exceptions are the Trp64Arg polymorphism of the ADRB3 and the GIn223Arg
polymorphism of the LEPR, where the Argb4 and Arg223 alleles might imply easier
weight and fat regain respectively. Similar controlled interventions with larger sample
size should be carried out to study and discard or confirm the role of these
polymorphisms taking into account gene-gene, gene-environment interactions and
many other factors. On the other hand, it has been suggested, that weight loss
maintenance in mainly influenced by psychobehavioral factors and even those factors
are frequently genetically determined (Hainer et al. 2008). This raises the idea that
these genes might be important in the development of obesity and weight loss, but

not in weight maintenance, and that we should look for other potential genes and
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polymorphisms that might have importance in the psychobehavioral side of obesity,

which might influence more weight maintenance and regain.
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4. CONCLUSIONS

Conclusions of Study |
. The GIn27Glu polymorphism of the ADRB2 gene does not seem to
have major effect on weight changes.
. Arg64 carriers (especially women) might have difficulty in reducing
fat mass and fat percentage during a diet and exercise intervention.
. Supervised exercise might counterbalance the harmful effect of the

Argb64.

Conclusions of Study Il
J The GIn223Arg polymorphism and the Lys656Asn polymorphism of
the LEPR gene does not seem influence body weight or body
composition variables after the weight loss intervention.
. The Prol2Ala polymorphism of the PPARG gene is not likely to
influence body weight changes; however Alal2 allele might imply

higher visceral adipose tissue values a weight loss intervention.

Conclusion of Study Il
. Carrying the Glu490 allele might lead to difficulty in decreasing body
weight and BMI.
J The Glu490 allele might be disadvantageous for women to reduce
percentage fat, but advantageous for men.
J Carrying the Glu490 might be unfavorable for maintaining fat free
mass during a weight loss program.
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Conclusion of Studies | and Il (Secondary objective)

Conclusion 1: None of the studied polymorphisms (the ADRB2 GIn27Glu, ADRB3
Trp64Arg, LEPR GIn223Arg and Lys656Asn, PPARG Prol2Ala) seem to influence

baseline obesity phenotypes.

Conclusion of Study IV

. Carrying the Arg64 allele of the ADRB3 gene might be
disadvantageous during weight maintenance.

J The Arg223 allele of the LEPR gene might imply easier body fat
recovery in free-living conditions after a diet and exercise
intervention.

J GIn27Glu polymorphism of the ADRB2, Lys656Asn polymorphism of
the LEPR, GIu490Asp polymorphism of the MCT1 and Prol2Ala
polymorphism of the PPARG genes do not seem to influence body

weight or fat regain after a 3 vyear follow up.
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5. LIMITATIONS

After the implementation of the project, data analysis, discussion and comparison of

our results with other studies, we present a critical view of our work, listing the main

limitations below:

Sample size and power was calculated for the main objective of the project i.e.
weight loss, therefore genetic study part could be underpowered.

The balanced genotype distribution was not ensured as genotyping was carried
out after choosing and randomizing participants in intervention groups.

During the follow up we have no information about eating of physical activity

habits of the participants

However the strengths of the PRONAF study should be highlighted too:

Double blinded study.

Those who completed the intervention and are included in present thesis, all
had a adherence of 90% for exercise and 80% for diet .

The intervention was conducted as a collaboration of different centers by a
multidisciplinary group.

In the supervised groups, through the 22 weeks, during all the training sessions
participants were monitored by certified trainers to ensure the correct

execution of the exercises and the completion of each session.
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6. FUTURE RESEARCH LINES

This project has given the possibility to study the influence of genetic polymorphisms
on body composition variables during a controlled weight loss intervention. Learning
from it and having a wider view of similar projects, future studies should take into

consideration the following points:

Include subjects with pathologies.

e Include novel candidate genes from genome wide association studies.

e Organize multi-center collaborations in order to obtain a large sample size to
ensure power.

e Take into account gene-gene interactions.

e Add further variables: direct or almost direct ligands, proteins, hormones etc. in

order to see a closer relationship between polymorphisms and phenotypes and

let us gain an insight to the physiological processes running in the background.
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7. PRACTICAL APPLICATION

Our study implies that these polymorphisms individually do not influence decisively
weight loss or weight regain or body composition changes during an exercise and diet
intervention. Therefore, we believe that currently available gene tests (including these
polymorphisms) promising to support an individualized treatment based on genetic
background should be skeptically examined. However scientific advances might lead us
to accurate gene tests which help us designing weight loss interventions (diet, exercise
even psychology) for each individual and implement the personalized medicine for

patients with obesity in the future.
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Abstract

Background: At present, scientific consensus exists on the multifactorial etiopatogenia of obesity. Both
professionals and researchers agree that treatment must also have a multifactorial approach, including diet, physical
activity, pharmacology and/or surgical treatment. These two last ones should be reserved for those cases of morbid
obesities or in case of failure of the previous ones. The aim of the PRONAF study is to determine what type of
exercise combined with caloric restriction is the most appropriate to be included in overweigth and obesity
intervention programs, and the aim of this paper is to describe the design and the evaluation methods used to
carry out the PRONAF study.

Methods/design: One-hundred nineteen overweight (46 males) and 120 obese (61 males) subjects aged

18-50 years were randomly assigned to a strength training group, an endurance training group, a combined
strength + endurance training group or a diet and physical activity recommendations group. The intervention
period was 22 weeks (in all cases 3 times/wk of training for 22 weeks and 2 weeks for pre and post evaluation). All
subjects followed a hypocaloric diet (25-30% less energy intake than the daily energy expenditure estimated by
accelerometry). 29-34% of the total energy intzke came from fat, 14-20% from protein, and 50-55% from
carbohydrates. The mayor outcome variables assesed were, biochemical and inflamatory markers, body
composition, energy balance, physical fitness, nutritional habits, genetic profile and quality of life. 180 (75.3%)
subjects finished the study, with a dropout rate of 24.7%. Dropout reasons included: personal reasons 17 (28.8%),
low adherence to exercise 3 (5.1%), low adherence to diet 6 (10.2%), job change 6 (10.2%), and lost interest

27 (45.8%).

Discussion: Feasibility of the study has been proven, with a low dropout rate which corresponds to the estimated
sample size. Transfer of knowledge is foreseen as a spin-off, in order that overweight and obese subjects can
benefit from the results. The aim is to transfer it to sports centres. Effectiveness on individual health-related
parameter in order to determine the most effective training programme will be analysed in forthcoming
publications.

Trial registration: ClinicalTrials.gov NCT01116856
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Background

The increase in overweight and obesity rates is a major
public health concern. In most countries it has affected
all population groups regardless of sex, age, race, income
or education level, but to varying extents [1]. Based on
comparative studies with other European countries,
Spain is at the forefront [1], one in four people is over-
weight or obese, ie 12.5 million people [2]. In fact, two
out of three men are overweight and one of every six is
obese, with a clear trend to increase in the forthcoming
years [3].

Today it is accepted that obesity has a multifactorial
origin [4,5] and is a known risk factor for numerous
health problems, including high cholesterol, diabetes,
hypertension, respiratory problems, musculoskeletal dis-
eases, cardiovascular diseases, and some forms of cancer.
Mortality also increases sharply once the overweight
threshold is crossed [6,7].

Research has been very active in the last years trying
to identify the most effective treatment for adult over-
weight and obesity [8-40]. A combination of caloric re-
striction with an increase in energy output by means of
exercise has been proven in the hospital setting [41].
Results have been quite conclusive regarding aerobic ex-
ercise [9] and very restrictive caloric intake (less than
50% of kcal intake) [35]. But data are still scarce regard-
ing the effect of a combination of strength and aerobic
training and a much lesser restrictive hypocaloric diet
on weight loss [35]. The PRONAF study wants to get
deeper into the latter, also considering the Consensus
Paper 2011 from the Spanish Society of Obesity Re-
search (SEEDQ), that has stated that the primary goal of
treatment should not focus on achieving the ideal body
weight, but to have smaller weight losses maintained in
the long term [42].

Therefore, the main aim of the PRONAF study was to
discover which is the most effective training protocol in
combination with caloric restriction for overweight and
obese subjects included in a specific intervention pro-
gram. The aim of this paper is to describe the design and
the evaluation methods used for the PRONATF study.

Methods/design

Study design

PRONAF is a 22 week-intervention study performed
among Spanish overweight and obese adults, who were
randomly assigned to one of the following intervention
groups: strength training group (S), endurance training
group (E), combined strength plus endurance training
group (SE), and physical activity recommendations group
(C), which are described in detail below. The study was
performed twice, one year apart, first in the overweight
group (year 2009/2010) and then in the obese group
(year 2010/2011). In total, we had 8 interventions groups.
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Population and sample size estimation

The estimation of the sample size was calculated to de-
tect a main effect of the treatment on the percentage of
body fat with a 80% statistical power at 5% significance,
assuming a 0.80 correlation between repeated measures
[43]. The initial calculated sample size per intervention
group (n = 22) permits the detection of a large effect size
(Cohen’s d =-0.8), as observed in a previous investiga-
tion [43].

The initial adjustment of sample size for dropouts car-
ried out used a maximum of 25% of dropouts in each
group [37]. Adjusted dropouts sample = n (1/1-R), where
n=number of subjects not lost, and R = expected pro-
portion for dropouts. With our data, the initial necessary
sample size was: 88 (1 / 1-0.25) = 118 subjects or 29/30
in each intervention group, this being applicable for both
the overweight and the obese interventions groups. A
total of two hundred thirty nine people initiated the
study, completing it 180 (75.3%), which supposed 59
dropouts for different reasons. For personal reasons 17
(28.8%), low exercise adherence 3 (5.1%), low diet adher-
ence 6 (10.2%), job change 6 (10.2%), and lost interest 27
(45.8%).

Recruitment of the subjects

Subjects were recruited by means of diverse advertise-
ments published in the media and the applicants filtered
using different criteria. The voluntary subjects who ful-
filled the inclusion criteria and passed the baseline phys-
ical examination were stratified by age ranges and body
mass index (BMI), and randomized into the different
intervention groups (Figure 1).

Inclusion and exclusion criteria

Inclusion criteria included being male or female living in
the Region of Madrid, being overweight (BMI 25-
29.9 kg/mz) or obese (BMI: 30-34.9 kg/mz), middle-
aged (from 18 to 50 years), having a sedentary lifestyles
(< 30 min Physical Activity/day), being normoglycaemic,
and non-smoker [37,41]. In the case of females, having
regular menstrual cycles was required.

The exclusion criteria were suffering from a physical
(orthopaedic limitations, stroke, etc.) and/or psycho-
logical (anorexia, bulimia, etc.) disease that may have
precluded the performance of the requested strength or
endurance training, intake of any medication (beta
blockers, alcohol, etc.) known to influence physical per-
formance or the interpretation of the results, having a
history of systematic strength or endurance training
(moderate to high intensity training more than once a
week) in the year before the beginning of the study
[37,40].

After the intervention period, participants who failed
to comply with 90% assistance to the training sessions
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Figure 1 Participant flow diagram. 5, strength training group; E, endurance training group; SE, combined strength plus endurance training

and less than 80% adherence to the diet were excluded
from further analysis. The characteristics of the final
sample (completers) are shown in Table 1.

Ethical issues

The protocols and procedures of the PRONAF study
were in agreement with the ethical guidelines on bio-
medical research on human subjects of the World Medical
Association’s Declaration of Helsinki (1964) and further

Table 1 Baseline data (n=180)

amendments. Before participating in this research, all
subjects were carefully informed about the possible risks
and benefits of the project, being required to read and
sign an institutionally approved informed consent docu-
ment. PRONAF study was approved by the Human
Research Review Committee of the University Hospital
La Paz (PI-643).

Access to the database was restricted to the researchers

that participated in the PRONAF study. Therefore, the

Overweight n =84

Obesity n=96

Women Men Women Men
n=48 n=36 n=48 n=48
Age (years) 37.29+£825 3742 £ 802 3902 = 7.74 3879 £ 799
Body Weight (kg) 735 £ 587 8821 £ 813 8833 £ 101 102,04 + 894
Height {m) 1.62 + 0.06 175 £ 007 1.64 + 007 177 £ 006
Bl (kg,"m‘J 2801 £ 132 2857 £ 112 32471 £ 1.85 324+ 189
Body fat (%) 4328 £ 3.62 338 +£ 463 47.17 £ 349 3817 £402
Body fat free mass (kg) 4025 + 43 5599 + 547 443 £ 471 5863 £ 896
Bone mineral density (g,’cm”J 11800 126 £ 0.09 121 £ 011 13+£01

Results are shown as Mean =+ SD.

Mote. BMI= Body Mass Index. Body fat, Body fat free mass and Bone mineral density calculated by Dual-energy x-ray absorptiometry (DXA).
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data and information obtained in the project was consid-
ered as confidential following current Spanish legislation
regulating personal data protection (Organic Law 15/
1999 and Royal Decree 1720/2007).

This trial was registered at clinical trials.gov as
NCTO01116856. http://clinicaltrials.gov/.

Intervention

Time line intervention

The assessments took place for all subjects one week be-
fore and after 22 weeks of intervention. Additionally,
body weight was measured every 15 days, training inten-
sity and physical activity were controlled monthly, and
dietary intake was evaluated every three months.

Exercise protocols
Four different intervention groups were involved in the
study as stated above. The S, E and SE groups followed
the corresponding training program plus the dietary
intervention, and the C group followed the dietary inter-
vention and was instructed about the general recommen-
dations regarding physical activity for weight loss from
the American College of Sports Medicine (ACSM) [44].
Subjects in the S, E and SE groups performed training
3 times/wk for 22 weeks at a Sports Centre in Madrid
(Spain). All training sessions were carefully supervised
by certified personal trainers. The exercise programs
were designed taking into account each subject’s muscle
strength (MS) and the heart rate reserve (HRR). MS was
measured using the 15-repetition maximum (15 RM)
testing method [45] in the S and SE groups (both of
which involved strength training). Both volume and in-
tensity of exercise was increased over the study period
(Figure 2) according to standard procedures [3541].
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Prior to each training session each subject started with
a 5-minute aerobic warm-up routine, followed by the
session routine, and concluded with a 5-minute cool
down and stretching exercises routine. Moreover, an
MP3 audio track was played for each participant to set
the execution rhythm of the exercises during all the ses-
sions. In this case, the heart rate (HR) was monitored by
a pulse-meter (Polar RS800CX, Polar Electro, Kempele,
Finland). The cadence for the resistance exercises was
fixed at 1:2 (concentric-eccentric phase). A session rou-
tine consisted in the execution on eight scheduled exer-
cises in the case of group S (ie., shoulder press, squat,
barbell row, lateral split, bench press, front split, biceps
curl and French press for triceps). Regarding types of
exercises, running, cycling or elliptical (self-selected)
exercises were the main components of the session rou-
tine for group E, while the routine for the SE group con-
sisted in a combination of cycle ergometry, treadmill or
elliptical intercalated with squat, row machine, bench
press and front split.

The volume and intensity of the three training pro-
grams increased progressively. During the adaptation
period (cf. weeks 1-4) subjects were taught on the exer-
cise technique. Between the fifth and eight week, exer-
cises were carried out at an intensity of 50% of 15RM
and HRR, performing 2 laps to the circuit (cf. 51 minutes
and 15 seconds), then between the 9" and 14" week the
intensity was increased up to 60% of 15RM and HRR,
and finally during the period between the 15" and 24"
week the volume increased from 2 to 3 laps to the cir-
cuit (64 minutes). Then, a five-minute recovery period
was set between the circuits. The S and SE participants
performed 15 repetitions (45”) for each exercise with a
rest period of 15 seconds between them.

R Weeks 2-5 Weeks 6-14 Weeks 15-23 .
Testing | 50% HRR and 15RM 60% HRR and 15RM 60% HRR and 15RM Testing
week I 51min15sec 51min15sec 60min I week
24 weeks for each group
Baseline Post-
evaluation ; . " P : ; training
Supervised strength training and dietary intervention period evaluation
S
Baseline Post-
evaluation | gypervised strength and endurance combined training and dietary intervention period e\tfr;::e‘;t‘i%n
SE SE
Baseline Post-
evaluation Supervised endurance training and dietary intervention period training
evaluation
E E
Baseline Post-
evaluation Physical activity recommendations and dietary intervention period e:;ﬁ:’;'!’gn
[ [+

C, physical activity recommendations group.

Figure 2 Time line of the Study. S, strength training group; E, endurance training group; SE, combined strength plus endurance training group;
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Diet intervention

Hypocaloric diets (between 5028 and 12570 KJ) were
prescribed individually for all participants by expert die-
ticians at the Department of Nutrition, La Paz University
Hospital, Madrid. The diet was designed to provide 25-
30% less energy than the daily energy expenditure
(DEE), as measured using SenseWear Pro3 Armband™
(Body Media, Pittsburgh, PA). Approximately, 29-34%
of the energy came from fat, 14-18% from protein,
and 50-55% from carbohydrates [46]. In the obesity
group, energy provided from protein was increased up
to 14-20%.

Before-after measurements
Physical fitness and health

Maximal aerobic power test The test was conducted
on a computerized treadmill (H/P/COSMOS 3P® 4.0,
H/P/Cosmos Sports & Medical, Nussdorf-Traunstein,
Germany). Peak oxygen uptake (VO, peak) was mea-
sured with the modified Bruce protocol used elsewhere
with overweight and obese population [35,47]. Volume
and composition of expired gas was analysed with a gas
analyzer Jaeger Oxycon Pro (Erich Jaeger, Viasys Health-
care, Germany) which validity and reliability has been
demonstrated previously [48,49], and continuous 12-lead
electrocardiographic monitoring. The exercise test was
maintained until exhaustion. The mean of the three
highest measurements was used as VO, peak. Identical
procedure was carried out to calculate the maximal HR.

Resting metabolic rate

Subjects were asked to refrain from any exercise for at
least 24 h before the test. To assess the resting metabolic
rate (RMR), participants were cited between 7 am to
10 am, after a 9 h overnight fasted period. RMR was
then measured by indirect calorimetry standing up (dur-
ing 11 min) and in a lying position (additional 20 min).
Oxygen uptake (VO,) and carbon dioxide production
(VCO,) were recorded by a gas analyzer Jaeger Oxycon
Pro (Erich Jaeger, Viasys Healthcare, Germany), and rest-
ing heart rate (RHR) was measured using a heart rate
monitor (Polar Electro Oy, Kempele, Finland). All these
parameters were averaged during the last 5 min of the
standing up position and the last 10 min of the lying
position. Oxigen uptake and VCO, data were used to
calculate RMR according to the formula of Weir [50].

Maximal dynamic strength

Muscle strength was measured with the 15RM testing
method described elsewhere [51] for both strength train-
ing groups S and SE. The 15 RM for each exercise was
tested twice on different days during the evaluation
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periods. The intraclass correlation coefficient of reliability
for all the exercises was ICCr = 0,995 and ICCr = 0,994 for
men and women, respectively. All the assessments, the
data collection sessions and the previous trainings were
carried out with the same machines and free weights
(Johnson Health Tech. Iberica, Matrix, Spain).

Static strength (dinamometry)

The general strength index (SI) was calculated using pre-
vious criteria [52]. This method measures leg and arm
strength with respect to body weight via two exercises:
the bench press and squat. The dynamometric strength
index (DSI) was calculated by measuring muscular
strength using a Tecsymp Tkk5002 hand dynamometer
and a Tecsymp Tkk5401 leg and back dynamometer
(Tecsymp, Barcelona, Spain). The DSI value was calcu-
lated as the sum of the values obtained with both appa-
ratuses divided by subject’s body weight.

Physical activity and daily energy expenditure

Habitual physical activity (PA) was assessed with a
SenseWear Pro3 Armband™ (Body Media, Pittsburgh,
PA). Subjects were instructed to wear the monitor con-
tinuously for 5 days including weekend days and week-
days following general recommendations [53]. Data was
recorded by 15 min intervals. DEE was calculated using
the Body Media propriety algorithm (Innerview Research
Software Version 6.0).

Energy balance, adherence to diet and exercise

All subjects were instructed to continue their habitual
daily activities as before the intervention period. They
were required to report the kind, duration, and intensity
of any physical activity and the amount of any food
undertaken during the intervention period.

At the beginning of the intervention, negative energy
balance was calculated taking into account the DEE, and
a 3-day food record, in order to decrease the energy in-
take of the diet by a 25-30% during the intervention.

In one hand, adherence to diet was calculated as
the estimated Kcal of the diet divided by the real
Kcal intake in percentage ([estimated kcal of diet/real
Kcal intake] - 100), representing the highest adherence
the value 100%. Higher values mean a higher restric-
tion and viceversa. On the other hand, adherence to
exercise was calculated by the number of sessions com-
pleted in regard to the theoretical sessions ([sessions
performed /total sessions] -100).

Psychological and eating behavior assessment
Quality of life The impact of overweight and non-

morbid obesity on Health-Related Quality of Life
(HRQL) was assessed using two different questionnaires:
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EUROQOL 5D (EQ-5D)

The EQ-5D, is a self-administered questionnaire capable
of generating a score reflecting a value associated with a
given health status. The EQ-5D"" descriptive system con-
sists of five dimensions: 1. Mobility; 2. Self-care; 3. Usual
activities; 4. Pain/discomfort; 5.Anxiety/depression. Each
dimension has three levels: “level 1: no health problems”,
“level 2: moderate health problems” and “level 3: ex-
treme health problems”. Each unique health state
described by the instrument has an associated 5-digit de-
scriptor ranging from 11111 for perfect health to 33333
for the worst possible state. The resulting descriptive
system defines 243 health states. The instrument also
includes a 20-centimeter visual analogue scale for the
self-assessment of current general health [54].

Short Form-36 Health Survey (SF-36) version 14,
valid for the Spanish population was used [55]. This
questionnaire evaluates the individual health status in
two dimensions: functional and emotional. Functional
status is divided in 6 subscales: Physical Functioning
(PF), Role-Physical (RP), Bodily Pain (BP), Vitality
(VT), Social Functioning (SF) and Role-Emotional (RE).
Emotional status includes Mental Health (MH) and
General Health (GH) subscales. Scores on all subscales
range from 0 to 100 (higher scores indicate better
health status) [56].

Eating behaviour At baseline and at the end of the
intervention all food and beverages consumed by the
participants were recorded using a food frequency ques-
tionnaire and a “3-day food and drink record”, validated
for the Spanish population [57]. This recorded all food
and drinks consumed at home and away for three days,
including 2 weekdays and 1 weekend day. Subjects were
instructed to record the weights of food consumed if
possible and to use household measurements (spoonfuls,
cups, etc.) if not. The energy and nutritional content of
the food consumed was then calculated using the DIAL
software (Alce Ingenierfa, 2004). Then, the wvalues
obtained were compared to the recommended dietary
intakes for the Spanish population to determine dietary
adequacy [58].

Body composition

Anthropometric measurements Body height was mea-
sured using a SECA stadiometer (range 80-200 cm,
Valencia, Spain). Body weight (BW) was measured using
a TANITA BC-420MA balance (Bio Légica Tecnologia
Meédica S.L, Barcelona, Spain). BMI was calculated as
[body weight (kg)/(height (m))2]. Waist circumference
(WC) was measured using a SECA 201 steel tape
(Quirumed, Valencia, Spain). Body fat percentage was
measured using bioelectrical impedance analysis (BIA)
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with an OMRON BF 306™ analyzer (OMRON HEALTH-
CARE Co,, Ltd, Ukyo-ku, Kyoto, Japan).

Dual-energy x-ray absorptiometry Dual-energy x-ray
absorptiometry (DXA) was used to measure percentage
of total fat mass (TFM%), percentage of android fat
(AF%), the android gynoid ratio (A/GF) and lean mass
(kg), using a GE Lunar Prodigy apparatus (GE Healthcare,
Madison, Wisconsin, USA). All DXA scan analyses were
performed at the Faculty of Physical Activity and Sport
Sciences using GE Encore 2002 software v 6.10.029.

Nuclear magnetic resonance Nuclear Magnetic Reson-
ance (MRI) was used to study the proportion and loca-
tion of the adipose tissue. The MRI study measured
changes at different abdominal adipose tissue compart-
ments: SAT (superficial and deep depots) and VAT
(intraperitoneal retroperitoneal compartments).
Images were obtained with a GE Medical Systems 1.5
Tesla whole body scanner using a T1-weighted fast-spin
echo pulse sequence at the University Hospital La Paz
Research Institute. The subjects were examined in su-
pine position with arms positioned parallel along the lat-
eral sides of the body. The subjects were imaged in two
half-body volumes. A breath-hold sequence during ex-
piration (approximately 20 seconds per acquisition) was
used to minimize the effects of respiratory motion on
the images. The total research time was about 5-10 min.
All images were acquired on a 256x192 matrix, 16 bits/
pixel, with a field of view =480 mm. Slice thickness was
6 mm and contiguous slices were obtained every 1.5 mm
from de first sacral vertebra upwards, until to achieve 30
images per person. For each subject six reference levels
were studied, corresponding to intervertebral disc levels
L5-S1 to L2-L3, at umbilical and at caudal left kidney
positions. The acquired axial MR images were retrieved
from the scanner using the DICOM™ protocol and after
were transferred to an external personal computer run-
ning Windows XP. We used specially designed image
analysis software Stereonauta for quantitative analysis of
the images.

and

Biochemical, metabolic, inflammatory and genetic profile

Biomarkers Blood samples were taken early in the
morning at the La Paz University Hospital Extraction
Unit after a 12 h overnight fast by venipuncture from
the antecubital vein. Samples were kept at 4- 6°C until
analysis, which was always performed within 48 h fol-
lowing standard hospital procedures. The following
parameters were measured:

e Hematology was performed in a Pentra 120 DX cell
counter (ABX-Horiba, Montpellier, France).
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e Serum calcium, phosphorus, total proteins, albumin,
creatinine, uric acid, bilirrubin, lipase, alkaline
phosphatase, creatinkinase, LDH, GOT and GPT
were analyzed by enzymatic-spectrophotometric
assay (Olympus AU 5400, [zasa, Porto, Portugal).

o Blood lipid profile (total cholesterol, HDL and LDL
cholesterol, triglycerides) and glucose were analyzed
by means of a enzymatic-spectrophotometric assay
(Olympus AU 5400, Izasa, Porto, Portugal). Apo A
and Apo B were determined using a BNII
nephelometer (Siemens Healthcare Diagnostics
GmbH, Eschborn, Germany). Atherogenic risk ratios
were calculated: total cholesterol/HDL, LDL/HDL
and Apo B/Apo Al.

e Plasma fasting inmunoreactive insulin was measured
by enzymatic method in a fluoro-immunochemistry
Analyzer (AIA-360, Tosoh Bioscience, Tessenderlo,
Belgium). [nsulin sensitivity was estimated using the
HOMA-IR index [HOMA-IR = fasting glucose
(mmol/l)/fasting immunoreactive insulin
(mU/ml)/22.5].

e Inflammatory biomarkers: Plasma C-reactive protein
concentrations (CRP) were determined using a BNII
nephelometer (Siemens Healthcare Diagnostics
GmbH, Eschborn, Germany). Plasma fibrinogen was
measured by coagulometric methods (ACL TOP
700, Izaasa, Porto, Portugal). Plasma leptin, [L-6 and
TNF-a plasma concentrations were determined
using a Luminex®-1.X200 Analyzer (Millipore Corp,
Billerica, Massachusetts, USA) and a MILLIPLEX
MAP human circulating cancer biomarker magnetic
bead panel (HCCBP1IMAG-58 K) (Millipore, St.
Charles, Missouri, USA). All samples were analyzed
in duplicate. Data were analyzed using 3.1
xPONENT Software (Millipore, St. Charles,
Missouri, USA). The intra and inter-assay
coefficients of variation for the cytokine assays all
fell in the 5-10% range.

e 25-hydroxyvitamin D was measured by
chemiluminescent immunoassay using the
LIAISON" Analyzer family (Palex Medical,
Barcelona, Spain).

e Serum TSH was measured by an
electrochemiluminescence immunoassay (ECLIA) by
using an E170 analyser (Roche Diagnostics,
Mannheim, Germany).

Genetic profile We investigated the potential influence
of different genetic single nucleotide polymorphisms
(SNPs), highly prevalent in the general population, on
the response to different training protocols in over-
weight and obesity treatment. These SNPs are located in
genes involved in metabolic pathways related to adiposity
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(Beta-Adrenergic and Leptin receptors, and Peroxisome
Proliferator-Activated Receptor), and in genes involved
in energy metabolism and the production of energy
during physical activity (metabolism of lactate and fatty
acids). In addition, we have studied the Angiotensin-
Converting Enzyme (ACE) Insertion/Deletion (I/D) poly-
morphism, which has been associated with athletic
performance and training adaptation. The potential
role for most of the selected polymorphisms is well
documented, both as overweight/obesity risk factors and
as modulators for the response to different interventions.

With regard to the method used, we firstly reviewed
published literature about the techniques for analyzing
the polymorphisms [59-68]. Then, we adapted these pro-
tocols to the conditions in our laboratory. Whole blood
(5 ml) from each patient was collected in EDTA and
sent to the Metabolism, Genetics and Nutrition Research
Group of the School of Medicine-[FIMAYV, in Santander.
DNA was extracted from each sample using the
“QlAamp™ DNA Blood Mini Kit” from QIAGEN (Hil-
den, Germany) and the genotyping was performed for
each SNP afterwards. The DNA samples were preserved
at —40°C. All subjects signed a specific informed consent
which allows storage and genetic characterization in re-
lation to the objectives of the PRONAF study by the Me-
tabolism, Genetics and Nutrition Research Group of the
[FIMAV following the protocols of confidentiality and
clinical safety, ensuring the anonymity of the samples
and their use for research only.

After selecting the most interesting SNPs for the pro-
ject objectives, the analyses were performed using geno-
typing assays based on techniques of double PCR, PCR
and RFLP or sequencing for Phase II, and real-time PCR
(TaqMan{w SNP Genotyping Assays, Applied Biosystem)
for Phase 11I, which allows the semi-automation of these
determinations. All these techniques proved to be repro-
ducible and stable under the conditions of the study.
The reliability of the techniques used for genotyping in
the different phases of the study has been proved using
internal quality controls through different methods:
repeated measurements of randomized samples, double-
blinded reading of random samples, introduction of
positive and negative controls, and random doubled test-
ing of samples by both techniques. We obtained consist-
ent results for any of the techniques used.

Assessment during the follow-up

Training control

Feedbacks for training loads were done once a month
with the Rate of Perceived Exertion (RPE) to subjectively
evaluate each session and determine where the partici-
pant considered the intensity to be at, following a similar
methodology previously used [69].
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Physical activity control

PA was assessed as described above once a month. All
subjects were instructed to continue their habitual daily
activities as before the intervention period and were
provided with a PA diary to log the type, duration,
and intensity of any PA or exercise undertaken during
the intervention.

Body weight control

BW was measured as described earlier every fifteen days
at the Sports Center. Subjects included in group C used
their own scales to monitor BW at home during the
intervention.

Dietary intake control

A dietician interviewed each participant at baseline, and
at 3 and 6 months after the start of the intervention. All
subjects were instructed about how to record their diet-
ary intake using a daily log, and given recommended
portion sizes and information on possible food swaps. In
addition, voluntary group nutrition education sessions
were given by the dieticians. The goal was to equip the
participants with the necessary knowledge and skills to
achieve gradual, permanent behavioural changes.

Statistical analysis

The main independent variables of the study were: inter-
vention group, age, gender, measurement (baseline —
post) and BMI classification (overweight or obese). The
delta percentage was calculated thought the standard
formula: change (%) = [(post-test score — pre-test score)/
pre-test score]*100. The power calculated previously to
find significant differences between groups was 0.8 to fat
mass (%).

Standard statistical methods will be used for the calcu-
lation of the means and standard deviation for all
dependent variables. The statistical analysis will be as
follows: 1) Univariate descriptive analysis, study of data
distribution, basic statistics such as central and dis-
persion values. Pair comparison tests with previous
analysis of the homogeneity of variance will be used.
Pearson correlation coefficients, chi-squared tests and
exact probability calculations will be also performed to
study the relationship between quantitative and qualita-
tive variables, respectively; 2) General lineal models, such
a multivariate analysis (MANOVA) or two way analysis
of variance (ANOVA) for repeated measures, will be used
to determine differences among the four interventions
groups and between baseline and post-training values.
Compound symmetry, or sphericity, will be verified by
the Mauchly test. When the assumption of sphericity
would not be met, the significance of F ratios will be
adjusted according to the Greenhouse-Geisser procedure.
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Multiple comparisons of ANOVAs will be made with the
Bonferroni post -hoc test.

The analysis of the data will be done using statistical
package SPSS (SPSS Inc., Chicago, Illinois, USA). The
significant level will be set at « = 0.05.

Assessment for quality control

Previous to the start of the intervention we developed a
protocol book with all the tests carried out in the pre
and post intervention, plus the intervention procedures.
An external observer followed the pilot study and his
observations were included in the protocols. Weekly
meetings during the pilot study were made with all the
people involved in the project to train them and perform
the protocol book.

At the end of the overweight intervention, the subjects
filled in a satisfaction questionnaire. The results were
included in the design of the obese intervention.

Finally, in order to clean the final data base of possible
errors, a double data entry procedure was performed.
Also an assessment of missing data and the identifica-
tion of potential outliers were carried out.

Discussion

The PRONAF study is the first randomized controlled
intervention study performed in Spanish overweight and
obese adults without any other associated disease with
the aim of losing weight and improving several health-
related parameters by means of combining caloric re-
striction and controlled training programs. One of the
strengths of the PRONAF study is the multidisciplinary
approach. A group of professionals and researchers with
expertise in a specific field: physical activity and fitness,
nutrition, body composition, genetics and biochemical
markers have designed together the study protocols after
an in-depth review of the state of the art in the literature
[8-40]. Exercise protocols were tested in healthy subjects
and study protocols harmonized in a pilot study [70,71].

The PRONAF study has both strengths and limita-
tions. The main limitation is that the study did not in-
clude psychological control of the subjects. During the
study and in the final questionnaire evaluation the sub-
jects pointed out the need of some psychological support
especially when the body weight changes were not so
evident.

On the other hand, the PRONAF study has also sev-
eral strengths: 1) the final sample size of our study was
maintained according to the sample size estimation,
keeping a low dropout rate similar to other studies
[37,40,41]. It is important to note that there were no dif-
ferences between groups in the number of dropouts. 2)
During the training sessions the participants in the study
were continuously monitored by certified trainers to en-
sure the correct execution of the exercises and the
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completion of each training session. 3) Inclusion of add-
itional variables as visceral fat, blood lipid profile, and
genotyping broadens the dimension of the PRONAF
study.

In summary, feasibility of the PRONAF protocol has
been proven. Transfer of knowledge is foreseen as a
spin-off, in order that overweight and obese subjects can
benefit from the results. The aim is to transfer it to
sports centers. Effectiveness on individual health-related
parameter will be analyzed in forthcoming publications.
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