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ABSTRACT 

 

Childhood obesity has increased in recent years. In Spain about one in four 

children are overweight or obese, and most of them will carry this status into 

adulthood. Health consequences derived from obesity are numerous and 

complex, but the most frequent are those related to cardiometabolic risk and the 

future development of type 2 diabetes mellitus and cardiovascular disease. 

 

Different strategies have been proposed to reduce adiposity and improve 

metabolic outcomes in children with obesity. Lifestyle interventions that 

combined dietary, physical activity and behavioural approaches with family 

involvement appear to be the best options to prevent weight regain. Since, 

obesity development stands from the interplay between lifestyle and genetic 

factors it is important to understand how genetic markers could influence the 

weight loss response. Thus, the general objective of the present project is to 

evaluate the effect of two lifestyle interventions on cardiometabolic risk in 

children with obesity. The role of genetic markers in the individual response to 

the intervention will also be evaluated. This thesis project includes two different 

lifestyle programs: 1) the NUGENOI study based on a dietary intensive 

intervention (10 weeks), and 2) the IGENOI study, an integral intervention with a 

2-year duration (2 months + 22 months of follow up).  

 

Both lifestyle interventions were able to reduce adiposity and improve metabolic 

outcomes. Parameters related to cardiometabolic risk such as inflammatory 

cytokines and oxidized LDL cholesterol were also diminished in children with 

obesity. In addition, greater changes on insulin and HOMA-IR derived from the 

lifestyle intervention were associated with higher cardiotrophin-1 gene 

expression at baseline. 



 

 

The integral intervention of IGENOI study includes the promotion of physical 

activity in children. Concerning this, children with abdominal obesity from the 

intensive care group were more physically active (+38.5 minutes per week 

increase in moderate-to-vigorous physical activity assessed by accelerometry) 

and lowered their cardiometabolic risk after the intervention. In fact, favorable 

changes in MVPA were related to changes in leptin levels. 

 

Telomere length is influenced by oxidative stress and inflammatory status, these 

two processes are present in obese subjects. We observed inverse associations 

between telomere length and adiposity indices. Moreover, baseline telomere 

length seemed to be a marker of changes in glucose levels. Moreover, no change 

in TL was observed, despite achieving a successful decrease in BMI-SDS after the 

integral lifestyle intervention. 

 

Finally, IGENOI participants were screened for functional mutations in 

Melanocortin 4 Receptor (MC4R) and Lipocalin 2 (LCN2) genes. The prevalence 

for the two gene variants were 2.42% and 0.84% for MC4R and LCN2, respectively. 

These genetic variants seem to partially explain eating behaviors. Nevertheless, 

subjects with those functional mutations were able to decrease adiposity after 

our integral lifestyle intervention. 

 

In summary, lifestyle interventions conducted in children with obesity were 

effective in the reduction of adiposity and metabolic outcomes. It appears that 

telomere length and cardiotrophin-1 gene expression could have a predictive role 

in glucose metabolism outcomes. Meanwhile, MC4R and LCN2 mutations might 

influence eating behaviours but did not change the weight loss response. 
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Childhood Obesity 

1.1 Definition and diagnostic criteria  

The World Health Organization (WHO) describes obesity as an excess of 

fat mass that increase the risk of morbidity, altered physical, psychological or 

social well-being and/or mortality. Is an etiologically disease that was influenced 

by genetic, metabolic, hormonal, behavioral, environmental, psychological, 

economic and social factor (Hall, Guyenet, and Leibel, 2018). 

 

As the measurement of the body fat is not always easy to measure with 

validated methodology such as: dual energy -X ray (DEXA), air displacement 

plethysmography (BODPOD) or bioelectrical impedance analysis, some 

anthropometric measurements have been validated for estimating body fat 

(Kumar and Kelly, 2017). Body mass index (BMI) is the most common adiposity 

index and results from the division between weight (Kg) and the squared height 

(m). Subjects with BMI  25 Kg/m2 are overweight and those with BMI  30 Kg/m2 

could be defined as obese (World Health Organization).  

 

In children BMI is not the gold standard for the diagnosis of obesity 

because growth can interfere in that measurement by the constant variability in 

height and body weight (Kumar and Kelly ,2017).  For this reason, in pediatric 

population it is not possible to determine fixed cut-off points as it can be done in 

adults. The International Obese Task Force (IOTF) have established BMI 

international growth charts that take into account sex and age in order to match 

the values of 25 Kg/m2 and 30 Kg/m2 at 18 years. These growth charts were 

initially published in 2000 (Cole et al., 2000) and were update in 2012 (Cole and 

Lobstein, 2012). Another way for measuring childhood obesity is through BMI 
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standard deviation score (BMI-SDS). It has been proposed by the WHO and 

establish specific cut-off points for BMI-SDS and for percentiles. BMI-SDS (can be 

also called as z value for BMI) is defined as BMI values converted into standard 

deviation using age and specific cut off points according to national growth charts. 

The following formula indicates the way for calculating BMI-SDS: 

 

BMI − SDS =  
BMI observed − 50 percentile  BMI reference population

Standard Deviation reference population
 

 

In 2007 the WHO established that school age children could be classified 

as overweight when BMI-SDS is  > +1, and as obese when BMI-SDS  > +2 (de Onis 

et al., 2007). The BMI-SDS has several advantages:  

• It is easy to compare with other populations since it is a 

standardized measure, allowing comparisons between age and 

sex.  

• Each population uses their national growth charts as reference. 

• It allows to assess longitudinal changes in growth status.  

 

BMI could have some disadvantages since sometimes it could not 

discriminate between lean mass and fat mass. For this reason, it is necessary to 

take that value into consideration with other anthropometric measurements. 

One of the most valuable indicators of body composition and in particular about 

the amount of visceral fat is waist circumference. Moreover, waist circumference 

is an independent predictor for comorbidities related to obesity such as insulin 

resistance, blood pressure or lipid levels (International Diabetes Federation (IDF), 

2017). In this sense, the International Diabetes Federation (IDF) described that 

those children with a waist circumference higher than 90th percentile are more 
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likely to suffer cardiovascular disease risk factors. When these children reach the 

age of 16 years old, specific cut-off point were applied taking into account the sex 

and the ethnicity of subjects. In Europide subjects, a waist circumference higher 

than 0.94 cm in man and higher than 80 cm in women was consider as indicator 

of abdominal obesity. 

1.2 Prevalence  

 
 Childhood obesity has become one of the most prevalent diseases 

worldwide, becoming a recognized public health problem. In 2016, over 340 

millions of children and adolescents aged 5-19 years were overweight or obese 

(World Health Organization). The WHO reports that one in ten children aged 

between 5 to 17 years are overweight or obese worldwide (World Health 

Organization, 2017). This prevalence reaches higher values in developed 

countries, even though in developing countries starts to rise (Figure 1).  

Figure 1: Number of children aged 5-19 living with overweight or obesity in 2016, 

and the increase in prevalence from 2010 to 2016, by WHO region. Source NCD-Risk 

(2017)
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The prevalence of childhood overweight or obesity in Europe depends on 

multiple factors: 1) the diagnostic criteria used, observing higher rates when WHO 

cut-off were used instead IOTF criteria; 2) the age, increasing the prevalence with 

the age; 3) the country, it has been described that the prevalence of obesity is 

usually higher in southern European countries; 4) the sex, boys show higher 

obesity rates than girls in most countries. Taking all this information into account, 

there are three big studies conducted in European children (age range 2.0 to 9.9) 

that reported the prevalence of overweight and obesity (Table 1). The WHO 

reports on 2017 that the average prevalence of overweight and obesity 

(combined) in European countries was 19%.  

 Table 1. Prevalence of overweight and obesity in European and Spanish 

children and adolescents representative studies.  

 

Study n Age Diagnostic 
Criteria 

% 
Overweight 

% Obese 

EUROPE      

IDEFICS (2014) 

(Ahrens et al. ,2014) 

18745 2.0 to 9.9 IOTF ♂︎= 11.8 

♀︎= 13.8 

♂︎= 6.8 

♀︎= 7.3 

COSI (2013) 

(WHO,2017) 

280585 6.0 to 9.9 WHO ♂︎= 12 to 24 

♀︎= 9 to 27 

♂︎= 6 to 28 

♀︎= 4 to 20 

TOYBOX (2012) 

(Manios et al. ,2018) 

7554 3.5 to 5.5 IOTF 11.3 3.2 

SPAIN      

IDEFICS (2014) 

(Ahrens et al. ,2014) 

1541 2.0 to 9.9 IOTF ♂︎= 13.1 

♀︎= 17.1 

♂︎= 5.6 

♀︎= 6.8 

COSI (2013) 

(WHO,2017) 

3426 7.0 to 8.9 WHO ♂︎= 23 

♀︎= 24 

♂︎= 19 

♀︎= 17 

TOYBOX (2012) 

(Manios et al. ,2018) 

889 3.5 to 5.5 IOTF 12 2.8 

ALADINO (2015) 

(Ortega et al. ,2015) 

10899 6.0 to 9.9 WHO ♂︎= 22.4 

♀︎= 23.9 

♂︎= 20.4 

♀︎= 15.8 

Sanchez-Cruz et 

al.(2012)  

978 8.0 to 17.9 IOTF 22.3 8.6 
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In Spain, the prevalence was higher than the mean of the European 

countries. When IOTF criteria were applied in children between 2.0 to 17.9 years 

old, it can be observed that the prevalence of overweight and obesity 

respectively, increased with age from 12% and 2.8% in the younger (3.5 to 5.5 

years old) to 22.3% and 8.6% in the older (8.0 to 17.9 years old). Meanwhile, as 

mentioned before, when the WHO cut-off points were applied, higher rates were 

observed. Boys between 7.0 to 9.9 years old showed 22.7% and 19.9% and girls 

19.9 % and 16.4% rates for overweight and obesity respectively. The most recent 

data in Spanish population is the ALADINO 2015 study, and its main conclusion is 

that the prevalence of overweight has decreased significantly in the last years, 

while the obesity trends are stabilized (Ortega Anta et al., 2015).   

 

1.3 Comorbidities of obesity and related mechanisms 

 

 The excess of fat in overweight or obese children is accompanied by 

multiple comorbidities. It is worthy to clarify that not all obese subjects suffer 

from metabolic complications or disease risk due to their  body weight, and they 

are known as metabolic healthy obese (MHO) subjects (Elmaogullari, Demirel, 

and Hatipoglu, 2017).  

 

  One of the main problems of childhood obesity is that usually persists into 

adulthood obesity (Kumar and Kelly, 2017). There are some factors that can lead 

to that status in adults. It is well known that children with one of their progenitors 

being obese have higher risk. Moreover, when obesity is present in adolescence, 

the risk of being obese in adulthood increases. The degree of obesity is also 

important, 71% of severe obese adolescents maintain that severe obesity into 

adulthood while only 8% of adolescents with non-severe obesity do it.  
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1.3.1 Cardiometabolic risk 

 

Children and adolescents are young population and it is very difficult to 

find a hard end-point of cardiovascular disease. However, obese paediatric 

subjects start to present cardiovascular and metabolic risk factors at younger 

ages, which could result in a future cardiovascular event.  

 

The clustering of risk factors for cardiovascular disease was first described 

in 1988 by Reaven when he observed that obesity, insulin resistance, 

hypertension and atherogenic dyslipidaemia tended to cluster to form a complex 

syndrome which he named Syndrome X. This syndrome is defined by a unifying 

pathophysiology leading to an increased risk for atherosclerotic cardiovascular 

disease (Reaven, 1988).  

 

Until recently, this syndrome has been described using different terms 

such as Metabolic Syndrome (MetS), insulin resistance syndrome or 

cardiometabolic syndrome. This is defined in different ways, but the core 

concepts remain similar, as indicated by the cardiometabolic health alliance 

(Sperling et al., 2015): (1) It is a chronic and progressive pathophysiological state, 

(2) it represents a clustering of risk factors that form a complex syndrome defined 

by an unifying pathophysiology, and (3) it is associated with an increased risk for 

atherosclerotic cardiovascular disease, type 2 diabetes (T2DM) and other related 

disorders. In this sense, the findings of atherogenic products such as oxidized low-

density lipoproteins of cholesterol (oxLDL) can be used as a biomarker of 

cardiometabolic risk (Freitas et al., 2018).  

 

Different definitions have been proposed for the diagnosis of this risk in 

children and adolescents (Owens and Galloway ,2014; Rupérez et al., 2018). The 
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criteria for the most frequently used definitions in paediatric population are 

similar to the adults, but with specific cut-off points for children and adolescents 

(Table 2).  

 
Table 2.  Definitions of abnormal values for risk-factors variables. 
 

Variable Definition of abnormal value 

Total cholesterol  200 mg/dL 

LDL cholesterol  130 mg/dL 

HDL cholesterol < 35 mg/dL 

Triglycerides  150 mg/dL 

Glucose  100 mg/dL 

Glycated haemoglobin > 5.7 % 

Systolic BP  95th percentile 

Diastolic BP  95th percentile 

BP: blood pressure, HDL: high-density lipoprotein, LDL: low-density lipoprotein. 
Adapted from Skinner et al. 2015 
 

1.3.2 Insulin resistance 
 

 Insulin is a hormone produced by the pancreatic  cells that exerts their 

action when it binds to their receptors located in different tissues (liver, muscle, 

adipose tissue, or blood vessels among others) allowing the glucose uptake by 

different cells. Moreover, it is involved in inhibiting liver glucose production, and 

suppressing lipolysis. 

 

 In obesity, there is an insulin resistance (IR) status derived from the 

expansion of adipose tissue which became more resistant to insulin’s metabolic 

action. The consequence derived from the insulin resistance status is the increase 



I n t r o d u c t i o n 

10 

in blood glucose levels also known as hyperglycaemia. This condition has some 

effects on body´s health such as: hyperinsulinemia, prediabetes and finally T2DM.  

 

Visceral adipose tissue (VAT) is associated with a pro-inflammatory and 

adipokine profile that leads to a decrease in insulin resistance (Maffeis and 

Morandi, 2018).  There is a high correlation between visceral fat and insulin 

resistance (Moschonis et al., 2016); for this reason, waist circumference has been 

proposed as an anthropometric marker for metabolic disturbances (Ali et al., 

2014).  

 

  Recently it has been observed that IR is also highly correlated with 

hepatic insulin sensitivity since their main actions consists of: (1) inhibiting the 

gluconeogenesis by the phosphorylation of forkhead box protein (Fox01); and (2) 

increasing de novo lipogenesis by activating the transcription factor sterol 

regulatory element binding protein (SREBP-1c ) (Malaguarnera et al., 2009). In 

subjects with insulin resistance, these insulin actions are impaired, and it occurs 

enhancing of de novo lipogenesis pathway. The consequences of that enhancing 

are: an increase in triglycerides and intrahepatic lipid storage, and a high flux of 

free fatty acids, all of them factors of the metabolic syndrome. Hepatosteatosis 

has been considered as a good predictor of metabolic health in obese children 

(Blüher and Schwarz, 2014). It has been described that after adjusting for BMI-

SDS and waist circumference, the absence of liver steatosis is a good predictor of 

MHO youth (Senechal et al., 2013).  
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1.3.3 Other complications 

  

In obese children there are some alterations associated to the excess of 

body weight (Figure 2). They affect most organs and exert a negative effect on 

childhood health. It is important to reverse this situation, because these 

pathologies turn into chronic diseases in adulthood.  

 

Obesity and metabolic syndrome have been identified as risk factors for 

chronic kidney disease. Moreover, since 1974 there are several studies that have 

described an obesity-related glomerulopathology (Nehus and Mitsnefes, 2019). 

The potential mechanisms for that association are hypertension, hyperlipidaemia 

and hyperglycaemia among others (Mount et al., 2015).  

 

Obstructive sleep apnea (OSA) is defined as a disorder for breathing 

during sleep that leads to a prolonged partial upper airway obstruction or 

intermittent complete obstruction with the consequence of a disruption of 

normal ventilation during sleep (Andersen, Holm, and Homøe, 2016). This 

comorbidity is highly prevalent in obese children where 33% to 76% of them 

suffer from it in comparison with normal weight children with a prevalence range 

from 15% to 37%. In this respect, it has been observed that weight loss 

interventions improved significantly OSA in obese youths (Marcus et al., 2012; 

Xanthopoulos, Berkowitz, and Tapia, 2018).  
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Figure 2. Comorbidities associated with childhood obesity. Adapted from Garver 

et al. 2013. 

 

 Polycystic ovary syndrome (PCOS) has been highly correlated with obesity, 

being obese more than a half of women with PCOS (Ollila et al., 2016). Moreover, 

it has been described that when the weight gain occurs during childhood it 

exacerbates the symptoms of PCOS (Koivuaho et al., 2019). In boys, the presence 

of excessive body weight has been associated with hypogonadism and 

gynecomastia (Ahsan and Banu, 2012). 
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 Mental health is a health issue that has been highly correlated with 

childhood obesity. Weight status (normal weight vs. overweight or obese) was a 

risk factor for suffering from depression (Sanders et al., 2015). Moreover, 

overweight or obese children have low self-esteem and are at higher risk to be 

bullied than normal-weight pairs. Health-related quality of life is diminished in 

these subjects (Gungor, 2014).  

 

 Non-alcoholic fatty liver disease (NAFLD) has been considered as the 

hepatic manifestation of MetS (Di Sessa, Umano, and Miraglia del Giudice, 2017). 

It is defined as a liver condition that ranges from hepatic steatosis to steatosis 

accompanied by inflammation that may lead to non-alcoholic steatohepatitis 

(Delvin et al., 2014).  

 

 Other health consequences on health derived from childhood obesity 

could be: the major risk of accidents with the consequent risk to the bones, the 

presence of Acanthosis Nigricans in subjects with insulin resistance and other 

complications that can be observed in Figure 2.  

 

1.3.4 Inflammation and oxidative stress 

 

Obesity is related to a chronic low-grade inflammation derived from the 

expansion of white adipose tissue. In obesity, there is an increase in adipocyte 

number (hyperplasia) and in adipocyte size (hypertrophy) derived from an energy 

imbalance. The adipogenesis process comprises the differentiation of 

preadipocytes into mature adipocytes. These adipocytes are secretory cells that 

release cytokines (named as adipokines) into adipose tissue and blood stream. 

Thus, there is an increase in the expression of adipokines that are                                     
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pro-inflammatory such as leptin, interleukin 6 (IL-6), tumour necrosis factor alpha 

(TNF-). The release of these adipokines and the increased amounts of free fatty 

acids in blood, stimulate the production of hepatic C reactive protein (CRP) a well-

known marker of inflammatory status (Singer and Lumeng, 2017). CRP has been 

highly correlated with obesity in youth, where higher levels of CRP were found in 

children with higher BMI values (Ferrari et al., 2015; González-Gil et al., 2018). 

 

Cardiotrophin-1 (CT-1) is a cytokine from the interleukin-6 family that has 

been described as a molecule with different physiological roles. Several studies 

have shown the role of CT-1 in the regulation of body weight and glucose 

metabolism. Furthermore, CT-1 is involved in the modulation of inflammatory 

response attenuating the expression of pro-inflammatory cytokines (López-Yoldi, 

Moreno-Aliaga, and Bustos, 2015). 

 

On the other hand, because of the hyperplasticity of adipocytes a hypoxia 

status develops in white adipose tissue that increases the secretion of pro-

inflammatory mediators (for example: IL-6, TNF-). Moreover, this process leads 

to an increase in macrophage’s recruitment raising the levels of inflammatory 

molecules and oxidative stress (Codoñer-Franch et al., 2011).   

 

 There is strong evidence supporting that childhood obesity is associated 

with a low-grade inflammation process accompanied by oxidative stress 

(Lechuga-Sancho et al., 2018). Oxidative stress could be defined as the imbalance 

between reactive oxygen species (ROS) and the production of antioxidant 

defences, leading to oxidative damage of the cells. ROS are chemical species 

containing free radicals that are: hydroxyl radical (OH-), superoxide anion (O2
-) 

and hydrogen peroxide (H2O2). The production of ROS in adipocytes occurs mainly 

across the catalytic activity of nicotinamide adenine dinucleotide phosphate 
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(NADPH) oxidase (NOX) (Han, 2016). The excess of adipocytes on obesity produce 

the increase of ROS species and as a consequence the increase on oxidative stress. 

Thus, several studies had correlated childhood obesity with oxidative stress 

(Correia-Costa et al., 2016; Rendo-Urteaga et al., 2014).  

 

 Inflammation and oxidative stress related to obesity could modify 

telomere length. Telomeres are non-coding regions of DNA that are located at the 

end of chromosomes. They are repetitive DNA sequences (TTAGGG) whose main 

function is to protect the stability of genetic material. Telomere DNA adopts a 

specific structure called t-loop structure that is composed by shelterin complexes 

which prevent DNA from damage.   

 

Figure 3. Telomeres in human cells and shelterin complex 

 

Moreover, in a recent meta-analysis it has been found that BMI is 

negatively associated to telomere length in adult population (Mundstock et al., 

2015). Obese children showed shorter telomeres than normal-weight subjects 

G G G A T T
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(Buxton et al., 2011; Kjaer et al., 2018) Previous work of our research team 

showed that TL is a marker of adiposity (García-Calzón and Marti, 2017) and that 

could also be related to glucose metabolism (García-Calzón, Moleres, et al., 2016). 

Telomere length is also influenced by environmental factors such as diet, physical 

activity, tobacco or social stress (Ojeda-Rodriguez et al., 2018). 

1.4 Factors that influence adiposity traits 

 

There are several factors that are correlated and exert their influence in 

BMI-SDS in children and adolescents. The accumulation of body fat is the result 

of an imbalance between energy intake and energy expenditure. Many factors 

exert their influence on this imbalance, and for this reason obesity has been 

described as a multi-factorial disease.  Some of these factors can be modified by 

different interventions or lifestyle habits, while others cannot be changed.  

 

1.4.1 Genetic factors 

 

 It has been widely associated the presence of several genetic factors with 

BMI and BMI-SDS in children. The predisposition to suffer obesity increases when 

these factors are found in children. The genetic influence on BMI appears to be 

stronger during childhood. The presence of parental obesity is one of the 

strongest predictive factors for childhood obesity (Yeung et al., 2017). In this 

sense, it has been described that this association mainly comes from genetic 

factors rather than environmental factors (Hinney, Vogel, and Hebebrand, 2010). 

 

 There are few cases of early onset obesity explained by monogenic 

disorders. The genes responsible for the main cases of monogenic obesity are: 
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the Melanocortin 4 Receptor gene (MC4R), the leptin deficiency and leptin 

receptor mutations (LEP and LEPR) and the pro-opiomelanocortin deficiency or 

mutation (POMC).These genes mainly regulate the hunger pathways and the 

satiety response (Koves and Roth, 2018).  

 

 The MC4R deficiency is known as the most common monogenic obesity 

form. Most of the mutations on MC4R exert their effect in inhibiting the action of 

the alpha-melanocyte stimulating hormone (-MSH) that is involved in the 

appetite response (Ochoa et al., 2007). For this reason, the main clinical 

manifestations of children affected by MC4R mutations are is hyperfagia, early 

onset severe obesity and hyperinsulinemia among others (Koves and Roth, 2018). 

It has been estimated that between 2% to 6% of severe obese children harbour 

functional mutations on MC4R (Hinney, Volckmar, and Knoll, 2013). Moreover, 

there are two polymorphisms that have been demonstrated to exert a protective 

effect on BMI (Stutzmann et al., 2008).  

 

Lipocalin 2 gene (LCN2) has been associated to MC4R receptor. Lipocalin 

2 is a cytokine produced mainly by osteoblast but also by adipose tissue and it has 

been shown that it binds to MC4R receptor, and recent investigations looking on 

that relation have been reported (Mosialou et al., 2017). 

 

 Leptin is a cytokine produced mainly by adipose tissue and their effects 

remain in the satiety pathway. Mutations in LEP or LEPR genes led to an 

impairment of leptin signalling and consequently cause hyperphagia and severe 

early-onset obesity with their cardiovascular health consequences (Olza et al., 

2017). There are few subjects worldwide who have a mutation in the LEP gene, 

and they can be treated with the administration of exogenous leptin with their 

consequent improvement in BMI (Wasim et al., 2016). 
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 POMC neurons exert their actions as the precursors of the pituitary 

adrenocorticotropin hormone (ACTH) that cleaves into -MSH. -MSH binds to 

MC4R receptor in the hypothalamus and regulates the inhibition of food intake. 

When a POMC deficiency or mutation occurs that pathway is altered causing 

hyperphagia and severe onset obesity (Rubinstein and Low, 2017). Obesity has 

been described as a polygenic disease since genome-wide association studies 

have identified more than 97 genetic loci associated with obesity (Fang et al., 

2018). Polygenic variants are defined as a group of alleles at different gene loci 

that can affect the expression of a phenotype (Mǎrginean, Mǎrginean, and Meliţ, 

2018). It has been stated that those loci exert a small effect on obesity-

susceptibility and may explain only a small fraction of total variance. There are 

multiple genes associated to polygenic obesity as for example: fat mass and 

obesity-associated protein gene (FTO), variants near MC4R, the insulin receptor 

substrate (IRS1) and the SH2B adaptor protein 1 (SH2B1) among others (Loos, 

2012). The FTO was the first gene studied to cause polygenic obesity and has the 

largest effect on obesity-susceptibility. It has been estimated that as much as 21% 

of BMI variability could be attributed to common genetic variants, while the mean 

for BMI monogenic forms of obesity was 2.7% (Locke et al., 2015). 

 

 

1.4.2 Lifestyle factors 

 

 Childhood and adolescence are stages of life where children acquire and 

learn healthy or unhealthy lifestyle habits.  In this respect, the environment where 

these youths live will influence their behaviour. As mentioned before, obesity has 

been described as the result of an imbalance between energy intake and energy 

expenditure.  Nowadays, it has been described that children find themselves in 
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an “obesogenic” environment that is characterized by sedentary behaviours an 

unhealthy dietary pattern (Lanigan, 2018). Moreover, family environment can 

influence adiposity in children by different pathways: 1) the availability of 

different types of food at home, 2) the food patterns followed by the family and 

3) eating behaviours, where parent’s attitude forward children eating behaviour 

has been demonstrated to have an effect on adiposity levels (Brown and Perrin, 

2018; Johannsen, Johannsen, and Specker, 2006).  The enKID study has 

demonstrated that a high intake of fats, pastries, sugar-sweetened drinks and 

cold meats and a low consumption of vegetables and fruits are associated with a 

higher risk of obesity in Spanish children (Aranceta-Bartrina and Pérez-Rodrigo, 

2016). Recently, it has been described that unhealthy dietary patterns established 

during infancy (< 2 years old) are track into childhood (Luque et al., 2018).  

 

Regarding physical activity behaviours we can classify them as 

sedentarism and physical inactivity. In this respect, it has been demonstrated that 

a greater MVPA has a protective effect on childhood obesity, while sedentary 

time is a risk factor for adiposity in children (Engel et al., 2018) . Moreover, the 

promotion of physical activity in a family context is recommended as a preventive 

strategy for childhood obesity (Foster et al., 2018).  

 

 Socioeconomic environment is another factor that contributes to weight 

in youth population. It is widely described that children from lowest 

socioeconomic classes have higher rates of obesity (Gurnani, Birken, and 

Hamilton, 2015). This association has been explained due to the lower access to 

healthiest foods and to the fewer opportunities for physical activity (Noonan, 

2018). 
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1.5 Treatment  

 
 Childhood obesity has increased in the last 50 years reaching high values 

in many countries. It is considered as a number one health problem of the XXI 

century, multiple approaches have been proposed in order to diminish the 

number of obese children. Since obesity in childhood tracks into adulthood, the 

treatment and prevention in the youth population is a key factor in reducing this 

health problem.  

  

 Intensive lifestyle programs have been demonstrated to be the best 

approach for reducing the excess of weight in children and adolescents. Obesity 

is characterized by an excess of energy intake and low energy expenditure. For 

this reason, strategies aiming to modify those aspects should be considered. They 

consist of the combination of three areas: dietary treatment, promotion of 

physical activity and behavioural therapy. Thus, a multidisciplinary team that 

comprises paediatricians, dieticians, nurses, physical activity experts, and is 

needed.  

 

 On the other hand, it is important when treating obese children not to 

interfere with normal development and growth.  For this reason, the national 

health system guidelines for children state that in overweight or slightly obese 

children without metabolic complications it is recommended to maintain body 

weight. Meanwhile in obese children or adolescents with metabolic 

complications, a moderate weight loss is advised, but taking into account the 

obesity degree (Marqués et al., 2012; Sistema Nacional de Salud, 2009).  

 

 



I n t r o d u c t i o n 

21 

1.5.1 Dietary treatment 

 

 The dietary recommendations for these subjects comprise nutritional 

counselling such as reduce refined carbohydrates, pastry, meat and saturated fat 

intakes, and to increase the consumption of fruit, vegetables, whole grains, fish 

and legumes. Moreover, the Spanish Society for Community Nutrition (SENC), 

recommend the following pattern for total energy distribution: 50-55% by 

carbohydrates (being less of 10% provided by sugars); 30-35% by fats where the 

mainly source were monounsaturated fatty acids and limiting the saturated fatty 

acids to be less than 10%; and 15% by proteins (Aranceta Batrina et al., 2015).  

 

 There are different dietary patterns that have been demonstrated to be 

effective in weight loss and the improvement of metabolic comorbidities. These 

patterns are known under the following names: Optimized mixed Diet (OMD), the 

Mediterranean Diet (MD), the New Nordic Diet (NND) and the Dietary approach 

to stop hypertension also known as DASH dietary pattern.  

  

 The Mediterranean Diet is a healthy dietary pattern typical of the 

countries bordering the Mediterranean Sea as Greece, Italy or Spain among 

others. It has been observed that a high adherence to MD is associated with a 

reduced BMI gain (Tognon et al., 2014).It is characterized by a high consumption 

of vegetables (2 portions per day), fruits (3 portions per day), whole grains, 

legumes, nuts and olive oil, a moderate consumption of poultry, fish and dairy 

products; and a reduced consumption of processed meats. This pattern is 

accompanied by different lifestyle factors such as the way of cooking foods, using 

spices and herbs instead of salt, being physically active or enjoying the foods with 

family or friends. It has been demonstrated that obese children under a MD 

lifestyle intervention, improve their BMI-SDS status and MetS components as: 
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triglycerides, HDL cholesterol and glucose levels, decreasing the prevalence of 

MetS in the 45% of the participants (Velazquez-Lopez et al., 2014). Moreover, in 

the PREDIMED study, treatment with MD in adult subjects with cardiovascular 

risk factors has demonstrated to be a prevention strategy to reduce the end-

points for cardiovascular disease (Estruch et al., 2018).  

 

1.5.2 Physical activity promotion 

 

 As mentioned previously, childhood obesity results from an imbalance 

between energy intake and energy expenditure, being physical activity a key point 

in the treatment of obesity. The main problems in obese youths are: 1) the lack 

of physical activity and 2) high levels of sedentary activity.  

 

 On one hand, the WHO advises that children and adolescents should 

spent more than 60 minutes per day in moderate-to-vigorous physical activity 

(MVPA) this means a physical activity that leads to an increase in heart rate at 

least of the 65-70%.  This recommendation was based on the evidence that there 

are consistent favourable associations between PA and adiposity and 

cardiometabolic biomarkers (Poitras et al., 2016; Jiménez-Pavón et al., 2013). 

Healthy European children did not achieve this recommendation, while the mean 

time spent in MVPA was 36 min/day (Konstabel et al., 2014). The 16% of European 

obese or overweight children and adolescents did not comply the 

recommendations (Hughes et al., 2006). In a recent meta-analysis it has been 

demonstrated that obese children are less active than normal-weight pairs 

(Poitras et al., 2016).  In this context, it has been demonstrated that dietary 

lifestyle interventions combined with the promotion of physical activity or 
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behavioural therapy are more effective than just dietary interventions (De 

Miguel-Etayo et al., 2013).  

 

 On the other hand, the sedentarism has been considered one of the main 

risk factors for childhood obesity. In this line, several worldwide organizations 

have stated the recommendation not to spend more than 2 hours a day on 

screen-based activities such as: watching TV, playing videogames and time spent 

with tablets or smartphones. Screen-time is used for extrapolating time in 

sedentarism because it represents the major part of the sedentary time and 

because it has been related with adverse health outcomes (Keane et al., 2017; 

Henriksson et al., 2018) 

 

Moreover, it is important in lifestyle interventions not to focus the 

physical activity recommendations on a single behaviour (PA, sedentarism or 

sleep time) but to take into account the 24 hours of the day. In a recent review it 

has been observed that children and adolescents with lower levels of adiposity 

were those with a combination of optimal physical activity and behaviour (i.e. 

high PA, low sedentary time and sufficient sleep) (Chaput, Saunders, and Carson, 

2017).  

 

1.5.3 Behaviour therapy  

 

 One of the main objectives of lifestyle intervention in children and 

adolescents are to achieve an improvement in anthropometric and metabolic 

outcomes, and to maintain (van Hoek et al., 2016) the habits that had led to that 

improvement. In this context, behaviour therapy during the lifestyle intervention 

is a key element for achieving the improvement in eating and PA behaviours. 

Behavioural therapy encompasses all actions that includes counselling on self-
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monitoring of PA and eating behaviours, control of stimulus, action planning, goal 

setting and other modification strategies (van Hoek et al., 2016).  

 

Since children and adolescents live with their families and parents exert 

an important influence in healthy behaviours, it is important that behavioural 

interventions include the family in the approach. It has been described that 

lifestyle interventions that include the family are more successful than those that 

only focus on children (Wilfley et al., 2017)
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2.1 Hypothesis 

Obesity is characterized by a chronic low-grade inflammation and increased 

oxidative stress. Since childhood obesity is one of the main health problems of 

the XXI century and their health consequences track into adulthood, it is urgent 

to design effective treatments (Skinner et al., 2015). A number of programs have 

shown improvements in adiposity indices of obese children and in their metabolic 

outcomes as well as an attenuation of the inflammatory state and oxidative 

stress. In this sense, the hypothesis of this work is that a lifestyle intervention in 

children with obesity can be associated with changes in metabolic, 

transcriptomic, and genetic profile toward to reduce cardiometabolic risk. 

2.2 Objectives 

General Objective 

The general objective of the present project is to evaluate the effect of lifestyle 

interventions in cardiometabolic factors, and the role of genetic markers in the 

individual response to the intervention.  

Specific Objectives 

 
1. To evaluate the effect of a dietary intervention on oxidized LDL levels, and 

its association with cardiometabolic risk in a sample of children and 

adolescents with obesity (Chapter 1). 

2. To examine changes in serum inflammatory markers (IL-6, TNF- and CT-

1) and their transcript levels after a dietary intervention in children with 

obesity, and to assess their potential association with glucose metabolism 

(Chapter 2). 
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3. To evaluate the effects of a lifestyle interventions (Usual Care vs. Intensive 

Care) in changes in BMI-SDS, biochemical parameters and physical activity 

in children with abdominal obesity (Chapter 3).  

4. To determine telomere length in children with abdominal obesity after a 

lifestyle intervention and to assess their potential association with 

cardiometabolic risk factors (Chapter 4). 

5. To screen for mutations in MC4R and LCN2 genes and to evaluate their 

effects on eating behavior and weight loss response in children with 

abdominal obesity (Chapter 5).  



 

 

 
 
 
 
 
 
 
 
 
 
 
3.METHODOLOGY      
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3.1 NUGENOI study 

 
The NUGENOI study (Nutrigenómica y obesidad infantil) was conducted 

during 2010 by the GENOI (Grupo de Estudio Navarro de Obesidad Infantil) 

members in Pamplona, Navarra, Spain. It consists of a 10-week dietary 

intervention for obese or overweight children. The project was performed 

following the Helsinki declaration and was approved by the ethics committee of 

the University of Navarra (Reference Number 038/2009).   

  

3.1.1 Study population 
 
Children between 7 to 15 years old and classified as obese following the Cole 

et al. criteria (Cole et al.,2000) were invited to participate in the study. In Table 3, 

the inclusion and exclusion criteria are described. It was conducted in the 

University of Navarra and was registered (NCT01329367). Participants were 

recruited from the endocrinology units at Clinica Universidad de Navarra and 

Complejo Hospitalario de Navarra.   

 

 From the initially seventy-one recruited participants, fifty-four accepted 

to participate and underwent baseline visit. Finally, forty-four subjects concluded 

the 10-week intervention. The drop-out rate was 18.5% and the main reasons for 

dropping-out were discouragement, social reasons, being in an exam period or 

the inability to be accompanied by one of the members of the family. 
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Table 3. Inclusion and exclusion criteria for NUGENOI participants. 

NUGENOI: “Nutrigenómica y obesidad infantil” 

 

3.1.2 Dietary intervention 
 
The 10-week intervention was conducted by a multidisciplinary team 

conformed by: registered dietitians, pediatricians, nurses and laboratory 

technicians. The dietary treatment consists of a moderate calorie-restricted diet, 

calculated according to children’s obesity degree (Marqués et al.,2012). Energy 

expenditure was obtained across the Scholfield equation adapted for sex and age  

(Scholfield, 1985). Participants were given a fixed full-day meal plan with their 

energy restriction. Caloric diets content ranged between 1300 kcal and 2200 kcal.  

 

During the intervention period, children accompanied by one of their parents 

or legal guardians assisted to a weekly individual session with the registered 

dietitian. In those sessions, the adherence to diet, a weight control and a 

nutritional education was performed.  

 

 

Inclusion Criteria Exclusion criteria  

√ Age 7-15 years old Ｘ Eating disorders 

√ To be classified as obese 

or overweight under 

Cole et al. criteria 

Ｘ Major cardiovascular or 

respiratory disease 

Ｘ Major psychiatric illness 

√ To be Spanish or foreign 

residing in Spain for at 

least 1 year 

Ｘ Familiar hypercholesterolemia 

Ｘ Pharmacological treatment for 

obesity 



 Material and Methods 

33 

3.1.3 Data collection 

 

Anthropometric, biochemical and clinical outcomes were assessed at 

baseline and at the end of the intervention (10 weeks) by trained personnel. All 

measurements were carried out following standard procedures.  

 

Moreover, venous blood samples were obtained after an overnight fast 

by a trained nurse. Three EDTA tubes of 4.5 mL were collected, and within a 1 

hour of collection blood was centrifuged during 15 minutes at 3500 rpm at 4ºC. 

Two of the tubes were aliquoted in order to obtain plasma for inflammatory 

cytokines and other determinations, and peripheral blood mononuclear cells, to 

measure gene expression. The other tube was used for standard blood analytics: 

glucose, insulin, total cholesterol, HDL-cholesterol, LDL-cholesterol and 

triglycerides. 

 

3.2. IGENOI study 

 
 The IGENOI study (“Intervención del Grupo de Estudio Navarro de la 

Obesidad Infantil”) is a lifestyle intervention carried out in Pamplona, Navarra, 

Spain that was performed from January 2015 to January 2019. It consists of a 2-

year lifestyle intervention in children and adolescents with abdominal obesity. 

The project was approved by University of Navarra Humans´ Investigation Ethics 

Committee (Reference number 044/2014). It was conducted following the ethical 

standards of the Helsinki Declaration (Fortaleza, Brazil, 2013).  
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3.2.1 Study population

 

 Children and adolescents diagnosed with abdominal obesity, between 7 

to 16 years old from the endocrinology units at Clínica Universidad de Navarra, 

Complejo Hospitalario de Navarra, and from Pamplona health care centers, were 

invited to participate in the IGENOI study. Abdominal obesity was defined as 

having a waist circumference higher than 90th centile from national growth charts 

(enKID study) (Serra Majem et al., 2000). Moreover, participants were screened 

about the inclusion and exclusion criteria described in Table 4.  

 

Table 4. Inclusion and exclusion criteria of IGENOI study. 

Inclusion Criteria Exclusion criteria  

√ Age 7-16 years old 

√ Waist circumference higher 

than 90th centile 

√ Availability to attend the 

established visits 

√ Open to be assigned to any 

of the designed groups. 

√ Committed to do their best 

to follow the assigned 

protocol 

Ｘ Eating disorders or psychiatric 

disease 

Ｘ Previous diabetes  

Ｘ Presence of other diseases 

beside diabetes 

Ｘ Pharmacological treatment 

Ｘ Food allergies or intolerances 

Ｘ Follow special diets 

Ｘ Non-access to phone calls or 

internet. 

IGENOI: “Intervención del Grupo de Estudio Navarro de Obesidad infantil”. 
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The study is a 2-year randomized control trial (NCT03147261) where 

participants were assigned in two different groups (Usual care and Intensive care) 

in a 1:3 ratio. The study was designed in order to follow two phases. The intensive 

phase that was carried out in the first two months, and the follow-up phase that 

lasted up to 22 months. 

 

From the initially 126 recruited volunteers, 121 started the intervention, 

and 114 complete the intensive phase. At the end-point of the intervention 61 

participants concluded the follow-up phase.  

 

 The drop-out rate was 6.5% in the intensive phase. The main reasons for 

leaving the study were: social problems, discouragement, inability to attend the 

visits and change of address or phone number given for the notifications.  

 

3.2.2 Lifestyle intervention 

  

 IGENOI study consists of a family-based lifestyle intervention. It was 

carried out by a multidisciplinary team that includes registered dietitians, 

pediatricians, physical activity experts and nurses. Participants were randomly 

assigned in two different treatments: usual care (UC) and intensive care (IC). The 

randomization was carried out in a 1:3 ratio by computer-generate 

randomization.  The rationale for the difference in the size of both groups relies 

on the fact that a high number of subjects could benefit from the intensive care. 

The intervention was divided in two different phases. First, an intensive period of 

2-months, and second a follow-up period of 22 months.  During all the 

intervention, all participants were encouraged to increase their physical activity 

on 200 minutes of PA per week at 60-75% of their maximum heart rate.  
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Intensive phase 

 

During the intensive phase, the IC participants received a moderate 

hypocaloric Mediterranean Diet. The energy restriction was applied on total daily 

energy expenditure and was calculated according to the obesity degree of each 

participant, and not disturbing the normal growth of children. Total energy 

expenditure was estimate using Schofield et al equation for basal metabolism and 

taking 1.3 as physical activity factor.  

 

The dietary intervention consists on a fixed full-day meal plan of five 

meals. Total daily energy was distributed among the day following the pattern: 

20% on breakfast, 5-10% on morning snack, 30-35% on lunch, 10-15% on 

afternoon snack and 20-25% on dinner. The dietary plan was based in 

Mediterranean pattern; thus, it includes a high consumption of fruits, vegetables, 

whole grains, legumes, olive oil and minimally processed foods; a moderate 

consumption of dairy products, fish and poultry; and a low consumption of red 

meat (Ojeda-Rodríguez et al., 2018). IC participants and their parents received six 

30-min. individual sessions with the dietitian in order to assess the 

accomplishment of the diet. Moreover, one parallel group session was organized 

for IC participants and their parents. In that session children were taught about 

different topics such as energy balance, portion size, food groups and the 

importance of being physically active. Meanwhile, parents were explained about 

their role in the intervention and the obesity related comorbidities.  

 

On the other hand, UC participants received standard pediatric 

recommendations on healthy diet, following the national guidelines of the 

Spanish association of communitarian nutrition (SENC) (Aranceta Batrina et al., 

2015). A 30-min individual session with the dietitian was performed in order to 
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get those recommendations. They have five monitoring visits to assess 

anthropometric parameters by the research team.  

 

Follow-up phase 

 

 After the intensive phase period, participants were follow-up for 22 

months. They attended 8 visits in the following months: 3, 4, 5, 6, 9, 12, 18 and 

24 months. During the visits anthropometric and dietary assessment was 

performed in all participants. Furthermore, IC participants and their families 

received specific nutritional and behavioral education in those visits.  

 

 Month 3: a game with healthy foods flash-cards.  

Month 4: a 1-hour group session with children and their parents informing 

about the different food groups and their portion size and frequency 

recommendation 

Month 5: individual session about healthy breakfast.  

Month 6, 9, 12 and 24: to assess dietary and behavior patterns that 

participant followed.  

Month 18: 1-hour group session about Mediterranean dietary pattern. 

 

3.2.3 Data collection 

 

 Dietary, physical activity, anthropometric, clinical and biochemical 

outcomes were assessed at baseline, 2, 12 and 24 months. Moreover, eating 

behavior was measured at intervention baseline. All the measurements were 

obtained following standard procedures or protocols.  
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Anthropometric and clinical outcomes were measured by trained 

personnel following the protocol. Dietary data were collected by registered 

dietitians using a baseline semi-quantitative 136-item Food-Frequency 

Questionnaire (FFQ) which was validated in a Spanish population (Martin-Moreno 

et al., 1993) 

 

Physical activity was measured in children and adolescents using physical 

activity questionnaires and accelerometry (Actigraph wGT3X-BT). Participants 

were instructed to wear the accelerometer during 4 consecutive days, including 

2 weekend days.  

 

 Eating behavior was measured by the validated questionnaire Children 

Eating Behavior Questionnaire (CEBQ) that includes 35 items that evaluate two 

different dimensions: food approach or food avoidance behaviors. These 

dimensions are comprised by different sub-scales: Food responsiveness, food 

enjoyment, emotional overeating, desire to drink, satiety responsiveness, 

slowness in eating, emotional undereating and food fussiness.  

 

Moreover, venous blood samples were obtained after an overnight fast 

by a trained nurse. Two EDTA tubes of 4.5 mL were collected, and within 30 

minutes of collection blood was centrifuged during 15 minutes at 3500 rpm at 

4ºC. The tubes were aliquoted in order to obtain plasma for other determinations, 

and buffy-coat cells, that were used to DNA extraction.  

 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.RESULTS     
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6 Department of Preventive Medicine & Public Health, School of Medicine, University of 

Navarra, Pamplona, Spain  
7 Center for Nutrition Research, University of Navarra, Pamplona, Spain  
8 Madrid Institute of Advanced Science (IMDEA Food), Madrid, Spain  
9 Paediatric Endocrinology Unit, Department of Pediatrics, Clinica Universidad de Navarra, 

Pamplona, Spain  

 

 

 

Pediatric Diabetes,2017 

DOI: 10.1111/pedi.12405 

Impact factor (2017): 3.172 

14/124 in Pediatrics, Q1 

63/142 in Endocrinology and Metabolism, Q2 



Marti A, Morell-Azanza L, Rendo-Urteaga T, García-Calzón S, Ojeda-Rodríguez A, 
Martín-Calvo N, Moreno-Aliaga MJ, Martínez JA, Azcona-San Julián MC. Serum and 
gene expression levels of CT-1, IL-6, and TNF-α after a lifestyle intervention in obese 
children. Pediatr Diabetes. 2018, 19(2):217-222. http://doi.org/10.1111/pedi.12561 

 

 

 

 

http://doi.org/10.1111/pedi.12561


 

 



 

 
 

Chapter 3 

Changes in objectively measured physical activity after a 

multidisciplinary lifestyle intervention in children with abdominal 

obesity: a randomized control trial 
 

Lydia Morell-Azanza1,3, Ana Ojeda-Rodríguez1,3, Amaia Ochotorena-Elicegui2, 
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Supplementary Table 1. Physical activity characteristics measured by 

accelerometry before lifestyle intervention in children (N = 106) with abdominal 

obesity.  

 

Values are means (SD). Abdominal obesity was defined as WC above the sex and 

age-specific 90th percentile.  

Abbreviations: CPM, counts per minute; LPA, light physical activity; MVPA, 

moderate-to-vigorous physical activity; PA, physical activity 

 

 

 

 
 
 
 
 
 

 
Weekdays Weekend days p 

METS 1.55 (0.20) 1.48 (0.20) <0.001 

CPM 607.17 (193.93) 519.68 (194.05) <0.001 

Sedentary PA (min) 986.97 (107.31) 1030.72 (112.70) <0.001 

LPA (min) 402.30 (101.59) 374.15 (103.24) <0.001 

MVPA (min) 48.04 (26.69) 34.92 (25.21) <0.001 

Steps (number) 10832 (3470) 8795 (3894) <0.001 
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Supplementary Table 2.  Baseline characteristics in abdominal obese 
participants taking into account the arm of intervention.  
 

Values are means (SD) or %. Abdominal obesity was defined as WC above the 
sex and age-specific 90th percentile. P1  ttest  is for the comparison between 
groups (usual care vs. intensive care). 
 
Abbreviations: BMI, body mass index; BMI-SDS, standard deviation score for 
body mass index; CPM, counts per minute; LPA, light physical activity; MVPA, 
moderate-to-vigorous physical activity.

 Usual Care Intensive Care p 

Age 10.74 (2.39) 11.50 (2.48) 0.166 

Sex (male/female) (%) 33/67 39/61 0.585 

Tanner Stage (I,II,III,IV,V) (%) 37.4/ 4.1/ 29.16/ 4.1/ 25 32.9/21.1/14.4/6.6/25 0.236 

Waist circumference (cm) 86.97 (11.53) 86.30 (10.98) 0.788 

Weight (Kg) 64.81 (17.32) 66.96 (19.21) 0.608 

Height (cm) 149.28 (12.64) 151.77 (13.18) 0.395 

BMI (Kg/m2) 28.54 (4.35) 28.40 (4.46) 0.889 

BMI-SDS 3.07 (1.24) 2.83 (0.98) 0.309 

Hip circumference (cm) 98.34 (12.02) 99.07 (12.77) 0.797 

Waist to hip ratio 0.88 (0.07) 0.87 (0.06) 0.397 

Waist to height ratio 0.58 (0.05) 0.56 (0.04) 0.213 

Glucose (mg/dL) 92.18 (6.45) 88.10 (6.08)  0.016 

Insulin (µU/mL) 20.34 (20.29) 15.30 (7.15) 0.193 

HOMA-IR  4.65 (4.82) 3.37 (1.73) 0.170 

Leptin (ng/mL) 38.82 (19.24) 30.58 (15.22) 0.183 

CPM 641.75 (183.23) 569.60 (181.93) 0.078 

Sleep time (min) 510.33 (65.76) 538.51 ( 82.52) 0.211 

Sedentary PA (min) 456.31 (114.48) 467.71 (135.22) 0.144 

LPA (min) 420.34 (79.17) 385.34 (99.93) 0.101 

MVPA (min) 45.17 (22.98) 43.56 (23.79) 0.759 

Steps (number) 10540 (3105) 10151 (3083) 0.573 
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Abstract  

 

Background and Aims: It has been observed that children with obesity have 

shorter telomeres than normal weight pairs, that could be explained because the 

excess of adipose tissue lead to a low-grade chronic inflammation that affect 

telomere length (TL). Thus, lifestyle interventions aiming to reduce weight have 

been proposed as a good strategy to maintain TL. The main objectives of the 

present study were to measure TL in children with abdominal obesity after an 8-

week lifestyle intervention, and to assess their potential associations with 

anthropometric and metabolic outcomes.  

Methods and results: We assess anthropometric and biochemical outcomes at 

baseline and after 8-week lifestyle intervention in 106 children with abdominal 

obesity (11.30±2.49 years old, 63% girls).TL were measured by monochrome 

multiplex real-time quantitative PCR. After the lifestyle intervention, participants 

significantly decreased anthropometric parameters and glucose metabolism 

indicators. No significant difference was found when TL was assessed. A negative 

correlation between baseline telomeres and BMI, body weight or waist 

circumference was observed. Furthermore, baseline TL predicted changes in 

blood glucose levels after the lifestyle intervention.  

Conclusions: we observed a significant inverse correlation between TL and 

obesity traits. The 8-week intervention did not modify TL. Interestingly, we 

reported that baseline TL could be used as a biomarker for predicting changes in 

blood glucose levels.  

Keywords: weight loss; BMI-SDS; glucose metabolism; adolescents. 
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Introduction 

Telomeres are repetitive DNA sequences (TTAGG) located at the end of 

chromosomes. Their main function is to stabilize and protect chromosomes from 

being recognized as double-strand by DNA repair proteins [1]. With each cell 

division telomeres get shorter due to the “end-replication problem” [1,2]. Some 

factors that could contribute to telomere shortening are TL at birth, genome 

instability or aging [3]. It has been observed that telomere shortening is 

independent of chronological age suggesting that telomere attrition is a 

modifiable factor [4]. A recent study performed in the Nurse’s Health Study have 

demonstrated that a healthy lifestyle in combination with the adherence to the 

Mediterranean Diet did delay telomere shortening [5].  

Obesity is characterized by a low-grade chronic inflammation that is accompanied 

by oxidative stress [6]. It has been suggested that obesity may accelerate 

telomere shortening [7–10]. Therefore, obese subjects showed shorter telomeres 

than normal weight age and sex pairs [11]. Furthermore, it is reported that TL was 

negatively associated with Body Mass Index (BMI), hip and waist circumferences 

[9,12]. Also, Revesz et al. associated baseline TL with unfavorable metabolic 

syndrome outcomes in an adult follow up study [13].  Shorter telomeres are also 

found in obese children and adolescents, in addition they showed higher cellular 

aging than healthy subjects [11,14]. Interestingly, weight loss is a good strategy 

for reducing excess adipose tissue, the inflammatory and oxidative stress status 

derived from it [7] and could help to prevent telomere attrition. 

To our knowledge there are three studies (one in adolescents) that have 

performed lifestyle interventions based on both dietary and physical activity 

recommendations, and its effects on TL are not clear [15–17]. Furthermore, the 

role of telomere length as a biomarker of the effectiveness of lifestyle 

interventions has been assessed in adults and pediatric subjects [14,17,18]. In a 

previous work, we demonstrated that higher baseline TL in obese adolescents, 
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significantly predicted a higher decrease in body weight, and in standard 

deviation score of BMI (BMI-SDS) and in blood glucose levels after a 2-month 

lifestyle intervention [17,19].  

We hypothesized that TL could be associated with adiposity, metabolic traits and 

may change with weight loss. Thus, the aim of the study was to determine TL in 

abdominal obese children during a lifestyle intervention: (1) to evaluate the 

relationship between adiposity or metabolic traits with TL; and (2) to assess the 

potential role of TL as biomarkers of the effectiveness of weight loss 

interventions. 

 

Materials and Methods 

Participants 

The study population includes 121 children and adolescents participants of the 

Intervention Grupo Estudio Navarro de Obesidad Infantil (IGENOI) from 

Pamplona, Spain. IGENOI study consists of a 2-year family-based lifestyle 

intervention (NCT03147261). Participants are girls and boys with ages between 7 

to 16 years old with a waist circumference above the 90th percentile from the 

National growth charts [20]. Children were recruited from the Endocrinology 

Pediatric Units from Navarra’s Hospital and University of Navarra Clinic, and from 

primary health care centers in Pamplona. The exclusion criteria were: major 

psychiatric illness such as eating disorders, pharmacology treatment, subjects 

with pre-diabetes, following special diets, regular consumption of alcohol or 

suffering from food intolerance. 

The study protocol was approved by the Ethics Committee of the University of 

Navarra (reference number 044/2014) and was performed in accordance with the 

ethical standards laid down in the 2013 Declaration of Helsinki (Fortaleza, Brasil, 

October 2013). At the recruitment visit, the parents and/or legal guardians 

received all the information about the aim of the study. Each participant gave 
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the informed assent and an informed consent was obtained from all parents 

and/or legal guardians according to the Helsinki declaration.  

 

Lifestyle intervention 

The study is a 2 year-lifestyle program that was implemented in two different 

stages: the first two months were the intensive period, and afterwards the 

patients were followed up to 22 months. The study was conducted in the clinical 

setting by pediatricians, dieticians, physical activity experts and nurses. In the 

present study we have measured TL in 116 subjects at baseline and 108 subjects 

after the 8-week intervention. The drop-out rate was of 6.9 % for the 8-week 

intervention and the main reason were discouragement, changes of address for 

the notifications, social problems or inability to comply the visits (school exam 

periods or difficulty of parents to accompany the children to the visits). These 

reasons were similar to those reported in other trials with obese children [21].  

Participants were randomly assigned in two arms: Usual care group received 

healthy diet advice following national guidelines, while intensive care group 

received moderately hypocaloric Mediterranean diet, as described elsewhere 

[22]. Both groups were encouraged to accumulate an extra time of 200 minutes 

of PA per week at a 60-75% of their maximum heart rate. 

The primary endpoint of the on-going study was to achieve a successful weight 

loss and as consequence to improve the metabolic status of abdominal obese 

children. The present study involved a secondary analysis of telomere length. The 

sample size was calculated taking into account the primary outcome, thus under 

the assumptions for an error of 5%, a power of 90%, a 1:3 ratio and a mean 

difference of 0.50 (±0.47) in BMI-SDS after the lifestyle intervention [23]. 
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Anthropometric, clinical and biochemical parameters. 

All anthropometric and biochemical parameters were measured at baseline and 

after the intensive phase of the intervention by trained personnel following 

standard procedures. Body weight was measured using an electronic scale (BC-

418, TANITA, Tokyo, Japan). Participants were asked to stare in barefoot with light 

clothes. Height was measured using a stadiometer of 1 mm precision (Seca 220, 

Vogel&Halke, Hamburg, Germany). Waist and hip circumferences were assessed 

with a non-stretchable measuring tape (Type SECA 200). Body mass index (BMI) 

was calculated as the ratio of weight by squared height (Kg/m2). BMI-SDS were 

obtained after converting BMI into standard deviations using age and sex specific 

cut-off points derived from Spanish reference growth charts [24]. The 

paediatrician team assessed pubertal stage using the Tanner stage and also the 

presence of Acanthosis nigrigans [25].Venous blood samples were obtained by 

trained nurses at the hospital after an overnight fast. Glucose and insulin were 

determined by standard autoanalyzer techniques.  

 

Telomere length assessment 

A monochrome multiplex quantitative PCR (MMqPCR) method described 

elsewhere [26] was used to assess telomere length. Briefly, this method performs 

in a single reaction the quantification of the relative copy numbers of telomeres 

(T) and a single copy gene (S). Telomere length was expressed as a T/S ratio. A 

calibration curve of a reference DNA samples (150-2.34 ng/µL in 2-fold dilutions) 

was included in each 384 plate and was used for the relative quantification.  

The master mix used contained: QuantiTect Syber Green PCR kit (Qiagen, 

Valencia, CA, USA), telomere primers pairs, albumin primer pairs and ultrapure 

water to complete the final volume. The final primer concentrations were for 

telomere amplification telg and telc 900 nM; and for the amplification of the 
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single copy gene albu and albd 900 nM. The primer sequences were telg (5’-

ACACTAAGGTTTGGGTTTGGGTTTGGGTTTGGGTTAGTGT-3’), telc (5’-

TGTTAGGTATCCCTATCCCTATCCCTATCCCTATCCCTAACA-3’), albu (5’- 

CGGCGGCGGGCGGCGCGGGCTGGGCGGAAATGCTGCACAGAATCCTTG-3’) and albd 

(5’-GCCCGGCCCGCCGCGCCCGTCCCGCCGGAAAAGCATGGTCGCCTGTT-3’). All 

primers were from Sigma Aldrich (St. Louis, MO, USA), and were purified by the 

manufacturer using high-performance liquid chromatography. 

We carried out the following MMqPCR in a CFX384 Touch Real-Time PCR system 

(BioRad, CA, USA) following the protocol: 15 min at 95 °C for enzyme activation 

followed by two cycles of 95 °C at 15 seconds and 49 °C at 15 seconds, and 35 

cycles of 15 s at 95 °C, 10 s at 63 °C, 15 s at 74 °C (first signal acquisition) and 15 s 

at 88 °C (second signal acquisition). For each sample, we generated a melting 

curve from 45 °C to 95 °C, ramped at 0.2 °C/s. Experiments were conducted in a 

high-throughput 384-well plate and all samples were run in triplicate for quality 

control. When samples showed a high variation (more than 10%) were rerun and 

reanalysed. The intra-assay coefficient of variation was 8.52% and the inter-assay 

coefficient of variation was 13.66%. 

 

Statistical analysis 

All statistical analyses were two-tailed and a p value of <0.05 was considered to 

be as statistically significant. Clinical and biochemical data from 116 participants 

were described using mean ± SD. Paired t-test was used to compare the studied 

variables before and after the intervention. Telomere length data was log 

transformed to fit a normal distribution. 

We calculated Pearson’s correlation coefficients to describe the associations 

between baseline TL with age, anthropometric indices and glucose metabolism 

outcomes.  
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Furthermore, we fitted a multivariable adjusted linear regression to examine 

whether baseline TL were able to predict changes in fasting glucose levels after 

the lifestyle intervention after fitting the model for sex, age, plate, and baseline 

glucose levels. 

Results  

We analyzed telomere length in abdominal obese children (BMI-SDS 2.95  1.07) 

with a mean age of 11.30 (2.49) years old, 63 % females. Telomeres at baseline 

were no different between girls and boys (p=0.341, data not shown).  We found 

a negative association between telomere length at baseline and age (r= -0.194, 

p=0.037) (Figure 1). We analyzed the entire population (intensive + usual care 

groups) because no differences were found in the studied variables between 

groups. 

 

Figure 1. Correlation between baseline TL and age. 

The correlation between baseline TL and anthropometric indices and 

biochemical parameters was shown in Table 1. It can be observed that those 

children with shorter TL showed higher values of body weight, BMI and waist 

circumference. When biochemical parameters were examined, we did not find 

any significant correlation. 
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The effectiveness of the weight loss was assessed in all participants, since no 

differences between intervention groups were found (Supplementary Table 1). 

All participants achieved a successful weight loss ( BMI-SDS = - 0.48, p<0.001) 

and anthropometric indices and glucose metabolism indicators ( glucose = - 

2.91, p<0.001) were reduced after 8 weeks of lifestyle intervention (Table 2). We 

did not find differences in TL (p=0.540). 

Table 1. Changes in anthropometric, biochemical and telomere length after 

lifestyle intervention in abdominal obese children.  

Values are means (SD) or %. Abdominal obesity was defined as WC above the sex and age-specific 90th 

percentile.  

Abbreviations: BMI, body mass index; BMI-SDS, standard deviation score for body mass index.

 Baseline 

n=116 

8-week 

n=108 

p 

Age (years)  11.30 (2.49) -  

Sex (M/F) 43/73 -  

Tanner stage (I/II/III/IV/V) 39/19/21/8/29 -  

Weight (Kg) 66.85 (19.39) 64.25 (1.81) <0.001 

Height (cm) 150.96 (13.20) 151.92 (13.09) <0.001 

BMI (Kg/m2) 28.64 (4.50) 27.17 (4.52) <0.001 

BMI-SDS 2.95 (1.07) 2.43 (1.10) <0.001 

Waist circumference (cm) 86.89 (11.38) 82.65 (11.23) <0.001 

Hip circumference (cm) 99.16 (12.46) 96.80 (12.68) <0.001 

Waist to Height ratio 0.57 (0.05) 0.54 (0.05) <0.001 

Glucose (mg/dL) 88.91 (6.63) 86.23 (5.75) <0.001 

Insulin (U/mL) 17.60 (12.54) 14.56 (9.61) 0.006 

HOMA-IR 3.91 (2.96) 3.14 (2.09) 0.005 

Telomere length (T/S) 1.06 (0.23) 1.04 (0.22) 0.540 
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We observed a correlation between baseline TL and changes in blood glucose 

levels (Figure 2). A multivariable regression model was performed in order to 

assess the predictive value of baseline telomere length on changes in 

anthropometric variables and glucose metabolism indicators. As described in 

Table 3, we found that a higher TL at baseline significantly predicted a greater 

reduction in blood glucose levels, in the crude model and after adjusting for 

potential confounders (= - 7.982; 95%CI (-14.61 to -1.34) and p=0.019). We did 

not find any association between baseline telomere and changes in any 

anthropometric measurement (data not shown). 

Table 2. Correlation coefficients at baseline between telomere length and 

clinical and biochemical outcomes. 

 All participants 

 r p 

Weight (Kg) -0.205 0.027 

BMI (Kg/m2) -0.187 0.044 

BMI-SDS -0.048 0.610 

Waist circumference (cm) -0.230 0.013 

Waist to height ratio -0.165 0.077 

Glucose (mg/dL) 0.107 0.274 

Insulin (U/mL) -0.005 0.958 

HOMA-IR  -0.002 0.982 
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Figure 2. Correlation between baseline TL and changes in glucose levels after 

8-week lifestyle intervention. 

Table 3. Changes in glucose after 8 weeks of lifestyle intervention, according to 

the increase of 1 SD in baseline TL. 

 All participants 

n=108 

 glucose (mg/dL) β (95% CI) p 

Crude model - 6.286 (-12.45 to -0.11) 0.046 

  Model  1 - 8.071 (-14.63 to -1.51) 0.017 

  Model 2 - 8.268 (-15.08 to -1.45) 0.018 

  Model 3 - 7.982 (-14.61 to -1.34) 0.019 

Linear regression analysis with adjustments. Model 1: plate; Model 2: plate and tanner stage; Model 3: 

plate, tanner stage and baseline glucose levels.  
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Discussion 

This study was performed in obese children at a high metabolic risk, since they 

presented abdominal obesity (waist circumference  90th). The anthropometric 

and glucose metabolism indicators significantly decreased after the 8-week 

lifestyle intervention in all participants. No significant difference was found when 

telomere length was assessed. We observed a significant inverse correlation 

between baseline TL and adiposity indices (BMI, body weight and waist 

circumference). Furthermore, we found that baseline TL predicted changes in 

blood glucose levels after the lifestyle intervention.  

Telomeres get shorter with age and there are several studies that have 

demonstrated an inverse association between TL and age in the pediatric 

population [11,27,28]. This observation was confirmed in our study with 

abdominal obese children, where TL did decline with age.  TL have been described 

as the markers of biological age since they get shorter with each cell division and 

when they are critically shorter, they trigger senescence [3].   

As our study population was children with abdominal obesity, we performed an 

8-week lifestyle intervention in order to achieve an improvement of 

anthropometric and metabolic parameters related to insulin resistance. All 

anthropometrics parameters and glucose metabolism indicators were reduced by 

the lifestyle interventions. These results were in accordance with other studies 

performed in obese children and adolescents (age range: 5 to 17 years old) 

involved in lifestyle interventions carried out by multidisciplinary teams [29–33].  

We assessed changes in TL after the lifestyle intervention. To our knowledge, 

there are three studies that have evaluated the effects of lifestyle interventions 

in TL in obese subjects, two of them were conducted in adults while the other one 

was carried out in adolescents. It is worthy to mention that all of them measured 

TL in leukocytes and following the Cawthon’s 2002 technique [34]. In the present 



R e s u l t s ( C h a p t e r   4)  

84 

study, we have measured leukocyte TL using monochrome multiplex real-time 

quantitative PCR described by Cawthon et al. in 2009, and that improves the 

previous methodology, eliminating the variability due to potentially variable 

amounts of DNA pipetted in the separate Telomere and Single copy reactions 

[26]. 

Mason et al. 2018 performed an RCT of 5.5 months of duration in 162 adults, 

participants achieved a significant reduction of weight loss higher than 5% [15]. 

They did not find any association between weight loss and changes in TL. 

However, they described that those participants classified as weight loss 

maintainers (had maintained 10% or more than their initial body weigh) had 

longer TL 12 months later. Previously, in 439 obese postmenopausal women that 

were under an intervention with only diet, only exercise or the combination of 

both of them (weight loss higher than 10%) Mason et al. (2013) concluded that 

there was change in TL after 12 months follow up [16]. Finally, the third study 

evaluating weight loss and TL in obese participants, was performed by members 

of our group and was a multidisciplinary lifestyle intervention carried out in 74 

obese or overweight Spanish adolescents (49% males) [17]. The program aimed 

to improve dietary habits, physical activity and cognitive areas. Participants 

achieved a successful weight loss ( BMI-SDS♂︎= -0.91;  BMI-SDS♀︎= -0.7) that 

was accompanied by lowering TL attrition. The results presented in the present 

study (37% males) indicated that despite achieving a successful weight loss ( 

BMI-SDS= -0.48), telomeres did not change after the 8-week intervention. 

Differences in the design of the study, characteristic of participants, TL methods 

of measurement and so on may explain the discrepancy. Thus, more research 

work needs to be done to clarify the effect of weight loss on telomere length.  

Telomere length has been previously associated with anthropometric outcomes 

such as: weight, BMI, BMI-SDS, waist circumference and waist to height ratio in 

adults and in children [8,9,11,14,35]. In accordance with those results, 
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participants of the present study were children with abdominal obesity, and we 

found that baseline TL was inversely correlated with body weight, BMI and waist 

circumference. These inverse associations may be explained because adiposity 

(measured as elevated BMI, waist circumference or body weight) is linked to a 

low-grade inflammatory state and oxidative distress, and these two factors may 

contribute to telomere attrition [36].  

Moreover, we did not find any association between glucose metabolism 

indicators and TL at baseline. In previous studies conducted in adults, there are 

controversy about those associations, while there are some authors that have 

found that longer TL were significantly associated with lower blood glucose levels 

[13,37,38] there are other authors who did not observe any association [39].  

García-Calzón et al.  reported in a study in obese and overweight adolescents that 

longer TL at baseline significantly predicted a higher decrease in body weight and 

BMI-SDS after an intensive multidisciplinary study [17]. Another study in adults 

subjects at high cardiovascular risk that followed Mediterranean Diet pattern, 

described that TL at baseline significantly predicted a greater decrease in 

adiposity indices after 5 years of follow up [18]. Moreover, in a lifestyle 

intervention in obese adolescent longer TL at baseline significantly predicted a 

greater reduction in blood glucose levels after 2 and 6 months of follow up [19]. 

In our study, we did not find that TL could predict changes in anthropometric 

measurements. But to the best of our knowledge, this study confirmed the 

previous findings that higher baseline TL significantly predict more favorable 

changes in blood glucose during a lifestyle intervention. The plausibility of this 

association could be partially explained because our participants -children with 

abdominal obesity- had abdominal obesity that has been associated with 

inflammation, oxidative distress, insulin resistance and shorter telomeres [35].  

Our study has several strengths: 1) the longitudinal study design with pre- and 

post- intervention measures, 2) a successful lifestyle intervention in which  
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participants reduced their adiposity indices; 3) it is performed in abdominal obese 

pediatric subjects that are not affected by chronic-obesity related problems. On 

the other hand, some limitations should be addressed: telomere length is a 

measure which has a wide range of variability, for this reason we have applied a 

new method (MMqPCR) where telomere and single gene copy were measured on 

the same well to reduce variability due to pipetting. It is worthy to recognize that 

in our study the age group is wide (7 to 16 years) there are different pubertal 

stages, in order to take that into account we have adjusted all the statistical 

models by Tanner stage. 

 

Conclusions 

We found an inverse association between TL and body weight, BMI and waist 

circumference in a population of children with abdominal obesity. Age was shown 

to be associated to TL. No changes in TL were found after an 8-week lifestyle, 

despite achieving a significant reduction in adiposity traits and blood glucose 

levels. Furthermore, we observed that a higher reduction in glucose levels after 

the intervention were found in those participants with higher telomeres at 

baseline 
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Supplementary Table 1.  LCN2 genetic variants in Spanish children with 
abdominal obesity 

*In-silico prediction was performed by mutation taster. 

 

 

 

 

Subject Nº of 
families 

Location Altered 
codon 

rs number In-silico 
prediction 

Mutations      

 2 Intron 
c.375+88 

- rs2232632 Probably 
harmless 

 1 Intron 
c.376-9 

- rs202024127 Disease 
causing 

 3 Intron 
c.713-28 

- rs2232629 Probably 
harmless 

 1 Intron 
c.510-119 

 rs2232625 Probably 
harmless 

 1 Intron 
c.593+8 

- rs2232626 Disease 
causing 

 1 Intron 
(splice 
región) 
c.593-3 

- rs116745581 Disease 
causing 

 1 Intron 
c.713+50 

- rs2232628 Probably 
harmless 

 1 Intron 
c.593+77 

 rs56841305 Probably 
harmless 

 1 Intron 
c.848+69 

 rs2232631 Probably 
harmless 

 1 Intron 
c.848+90 

- rs2232632 Probably 
harmless 

Thr124Met 1 Exon ACG→ATG rs7999358 Probably 
harmless 

Polymorphisms      

 10 Intron 
c.593-15 

 rs11794980 Probably 
harmless 
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Supplementary Table 2. Baseline characteristics from a subpopulation of 
matched age and sex subjects with the Ile251Leu MC4R mutations and without 
the mutation. 

Data are mean (SD), p1 Unpaired T –Test for the comparison between the two groups. 

 
 
 
 
 
 
 
 
 
 
 
 

 Ile251Leu MC4R mutation 
(n=5) 

No MC4R mutation 
(n=22) 

P1 

Age 9(1) 9.36 (0.78) 0.382 
Sex (Male/Female) 2/3 7/15 0.726 
Tanner (I/II/III/IV/V) 4/-/1/-/- 13/6/3/-/- 0.451 
Height (cm) 137.38 (13.86) 143.63 (8.28) 0.191 
Weight (Kg) 49.94 (17.87) 52.97 (9.51) 0.592 

BMI (Kg/m2) 25.64 (3.53) 25.49 (2.47) 0.914 
BMI-SDS 2.69 (1.05) 2.45 (0.76) 0.556 
WHR 0.558 (0.02) 0.552 (0.03) 0.713 
% fat mass 33.98 (9.28) 35.71 (3.62) 0.495 
Acanthosis nigricans (+/-) 5/- 13/9 0.080 
Glucose (mg/dL) 88.25 (6.84) 86.5 (5.62) 0.593 

Insulin (U/mL) 11.87 (6.43) 15.29 (10.58) 0.549 

HOMA-IR 2.66 (1.68) 3.32 (2.47) 0.620 

Total cholesterol (mg/dL) 198.75 (14.88) 164 (23.64) 0.011 
HDL-cholesterol (mg/dL) 56.75 (12.25) 49.11 (2.58) 0.229 
LDL-cholesterol (mg/dL) 125.75 (16.82) 97.08 (22.31) 0.027 
Triglycerides (mg/dL) 81.25 (41.65) 94.5 (53.89) 0.651 
Leptin (ng/mL) 33.52 (13.11) 27.54 (7.83) 0.320 
MVPA (min/day) 2.6 (1.14) 2.21 (1.08) 0.486 
CEBQ  1.00(0.12) 1.19 (0.44) 0.356 
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Supplementary Table 3. Changes in anthropometric and biochemical from a 
subpopulation of matched age and sex subjects with the Ile251Leu MC4R 
mutations and without the mutation. 

 
Data are mean (SD). Paired T-test for changes between baseline vs 8 week, and baseline vs. 1 
year. (* <0.05, ** <0.010,***<0.001); p1  Unpaired T –Test for the comparison between the 
two groups.

 

8-wek 

1 year 

Ile251Leu MC4R mutation 

N=5 

N=4 

No MC4R mutation 

N=21 

N=13  

 

p1 

D Height (cm)    

8-wek 1.42 (0.46)** 1.13 (0.50)*** 0.257 

1 year 6.44 (2.80)** 5.82 (0.63)*** 0.437 

D Weight (Kg)    

8-wek -2.54 (2.54) -2.66 (2.14)*** 0.909 

1 year 2.47 (6.52) 1.73 (6.44) 0.843 

D BMI (Kg/m2)    

8-wek -1.8 (1.29)** -1.68 (1.06)*** 0.837 

1 year -1.2 (3.14) -1.19 (3.18) 0.996 

D BMI-SDS    

8-wek -0.74 (0.41)* -0.57 (0.479)*** 0.477 

1 year -1.02 (1.21) -0.69(0.85)* 0.523 

D WHR    

8-wek -0.02 (0.01)* -0.03 (0.02)*** 0.234 

1 year -0.04 (0.03) -0.02 (0.02)*** 0.163 

D Glucose (mg/dL)    

8-wek 2.33 (5.68) -2.47 (6.67) 0.258 

1 year 6.01 (0) -1.54 (7.77) 0.214 

D Insulin (µU/mL)    

8-wek 3.16 -0.57 (4.48) 0.266 

1 year 6.80 (1.27) -3.34 (10.89) 0.234 

D HOMA-IR    

8-wek 0.71 (1.71) -0.16 (1.02) 0.245 

1 year 1.65 (0.22) -0.82 (2.68) 0.238 

D Total cholesterol(mg/dL)    

8-wek -29 (11.53)* -15.05 (24.97)* 0.363 

1 year 25.00 (1.41)* 7.81 (26.51) 0.832 

D HDL-cholesterol (mg/dL)    

8-wek -3.66 (6.65) -5.05 (7.85) 0.776 

1 year -5 (1.41) 0.44(5.15) 0.187 

D LDL-cholesterol (mg/dL)    

8-wek -24 (4.35)** -7.4 (18.51) 0.148 

1 year -21 (5.65) -2.92 (25.81) 0.373 

DTriglycerides (mg/dL)    

8-wek -6.33 (10.01) -8.05 (35.83)* 0.963 

1 year 6 (11.31) -26.63 (54.89) 0.435 

D Leptin (ng/mL)    

8-wek -2.43 (15.85) -11.57 (10.42)* 0.289 

1 year 19.15 (16.47) 0.42 (17.91) 0.262 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
5. GENERAL DISCUSSION   
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 Obesity has been considered as a major worldwide disease and its 

prevalence has increased in youths in the last years. Therefore, the study of its 

consequences on health in the pediatric populations and the evaluation of 

different interventions has a remarkable interest in the clinical practice. 

Moreover, during infancy and adolescence the eating behaviors and lifestyle 

habits are still developing. Thus, changes in unhealthy lifestyle factors and the 

acquisition of healthy habits may be easier to achieve in young people than in 

older ones. Furthermore, the environment is a main factor for development of 

obesity, hence in the case of the children and adolescents it is necessary the 

implication of their families in the prevention and treatment of this disease. The 

effect of different lifestyle factors, such as diet or physical activity, has been 

related to changes in the expression of some genes or changes in DNA structure, 

in particular in telomere length. In addition, it has been stated that between 40 

to 70 % of obesity susceptibility is due to genetic factors (Fang et al., 2018).  

 

 In this research, we have conducted different approaches in order to 

assess the effect of lifestyle intervention in children and adolescents with obesity 

or abdominal obesity. We have examined different health consequences of the 

excess of adiposity and their improvement across the interventions. Moreover, 

we investigated the role of MC4R genetic variants in the weight loss response and 

in health comorbidities.  

 

5.1 Cardiometabolic risk in childhood obesity 

 

 Several studies have shown an association between childhood obesity and 

independent risk factors for cardiometabolic risk such as high glucose levels, 

elevated either total or LDL cholesterol levels, low HDL cholesterol levels, high 
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triglycerides levels and elevated blood pressure (Chung, Onuzuruike, and Magge, 

2018; Gurnani, Birken, and Hamilton, 2015). In children and adolescents there is 

not a specific consensus for defining cardiometabolic risk, therefore in 2015 

Skinner et al. build a cardiometabolic risk score including all the before mentioned 

parameters (Skinner et al., 2015). One of the aims of our research was to assess 

the cardiometabolic health of the obese children. For this reason, we selected a 

biomarker of atherogenesis state (oxLDL) and we examined whether it was 

associated with a cardiometabolic risk score in obese children (Chapter 1). We 

observed that those participants with higher levels of oxLDL had also higher 

scores of the cardiometabolic risk. Oxidized LDL cholesterol is a marker of 

oxidative stress in the body, because the enzyme called myeloperoxidase (MPO) 

is involved in the oxidation of the LDL-cholesterol particles making them more 

atherogenic. This enzyme was produced by the macrophages recruited in the 

white adipose tissue contributing to the low-grade inflammation of obesity 

status.  In the same line as our results, a recent meta-analysis reported that 

elevated serum oxLDL levels are associated with an increased risk of 

cardiovascular diseases (Gao et al., 2017).  

 

 The excess of adiposity has been associated with atherosclerosis lesions 

in different longitudinal analysis (Chung, Onuzuruike, and Magge, 2018). Visceral 

or abdominal obesity has been highly stated as one of the greatest predictors of 

cardiovascular and metabolic risk in children and adolescents (Aguilar-Morales et 

al. ,2018). Since one of the main health problems of obesity is the cardiometabolic 

risk and this risk tracks into adulthood, the IGENOI study was designed in order to 

evaluate the effect of lifestyle intervention (diet and physical activity 

recommendations) in children with high metabolic risk.  
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5.2 Lifestyle intervention and their effects on cardiometabolic risk factors in 

obese subjects 

 In our project we have two different study populations: NUGENOI subjects 

who are obese children, and IGENOI participants who have abdominal obesity.  

 

 The two lifestyle interventions were able to modify lifestyle factors 

(Rendo-Urteaga et al., 2014; Ojeda-Rodríguez et al., 2018) and consequently 

participants significantly reduce anthropometric and biochemical parameters. 

 

 In NUGENOI study we evaluated the effects of a 10-week dietary 

intervention in obese children. We demonstrated that in those participants that 

are classified as high responders (they achieved a BMI-SDS reduction higher than 

0.5 units) the studied anthropometric and biochemical parameters significantly 

decreased, and these reductions were accompanied by a decrease in oxLDL serum 

levels (Chapter 1). On the other hand, those participants considered as low 

responders, did not change their oxLDL levels despite decreasing their adiposity 

slightly.  We described that change in oxLDL levels depend on changes in total 

cholesterol and LDL-c. The literature evaluating the effect of weight loss in oxLDL 

levels is scarce. A study performed in 35 obese adolescents following a 6-week 

weight loss program also showed a significantly decrease in oxLDL levels  

(Kelishadi et al., 2008). A recent study performed in obese adults who underwent 

bariatric surgery has observed that a weight loss of at least 12% of their initial 

body weight was accompanied by a decrease in oxLDL levels. In contrast, there is 

one 3-month weight loss program conducted in 26 obese adolescents that did not 

find any changes in oxLDL, nor did manage to reduce weight (Tjønna et al., 2008). 

In any case, the literature and our results seem to indicate that a successful 

weight loss is accompanied by a reduction of oxLDL particles, decreasing the 

cardiometabolic risk.  
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 The effect of NUGENOI intervention in inflammatory markers was studied 

in Chapter 2. Firstly, we have measured IL-6, CRP, TNF- and cardiotrophin 1 (CT-

1) serum levels at baseline and after the 10 weeks. The intervention significantly 

decreased CRP and TNF-, but no changes were observed with to respect to IL-6 

and CT-1. The association between obesity and low-grade inflammation in 

children has been widely described since being obese during childhood and 

adolescence have been described to show higher inflammatory markers that may 

raise cardiovascular risk (Caminiti, Armeno, and Mazza, 2016). CRP is proposed as 

a marker of early diagnosis of cardiometabolic risk (Carmona-Montesinos et al., 

2015), and is also considered as a marker of weight loss since its levels decreased 

with weight loss and increase with weight regain (Lausten-Thomsen et al., 2015). 

Another pro-inflammatory cytokine was TNF- that showed high levels in obese 

children in comparison with normal weight pairs (Rivera et al., 2019). The 

significant reduction in TNF- levels was previously described in a 16-week 

lifestyle intervention in pre-scholar children (Bocca et al., 2014). In that same 

study, IL-6 was measured and did not change. There are other studies that did not 

observe changes in IL-6 despite the weight reduction (Romeo et al., 2011; Gong 

et al., 2014; S. García-Calzón et al., 2016). A successful weight loss program (with 

a reduction in BMI-SDS greater than 0.5) in children from 6 to 9 years of age  was 

able to decrease IL-6 serum levels (Martos et al., 2009), and there are other 

studies that confirm this reduction (Izadpanah et al., 2012; Nascimento et al., 

2016). The characteristics of the sample (age and sex), the duration of the follow-

up and the type of intervention (ie, dietary intervention, PA intervention) could 

explain the observed discrepancies. Moreover, cardiotrophin 1, has been 

described as a cytokine of the IL-6 family that plays an important role in the 

control of energy metabolism. In a previous study conducted in the entire 

NUGENOI population, a significantly decrease was reported in high responder 
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subjects. In the results described in chapter 2 we did not find changes in CT-1 

levels and this may be due to the small sample size. 

 

Secondly, in Chapter 2, it has been addressed the study of inflammatory 

cytokines and their gene expression in Peripheral Blood Mononuclear Cells 

(PBMC) after following a lifestyle intervention in NUGENOI population. We 

described that after a weight reduction, serum levels of TNF- and CRP 

significantly decreased in the participants. In addition, gene expression levels of 

IL-6, TNF- and CT-1 were analyzed and a reduction of transcript levels of CT-1 

was found. Changes in serum levels of CT-1 were positively correlated with 

changes in CT-1 gene expression, but this association was not found in IL-6 and 

TNF-. There are several studies that have reported that PBMC transcript did not 

reflect serum cytokine levels (Miranda et al., 2014; O’Rourke et al., 2006). While 

there are others that observed significant associations between gene expression 

of some inflammatory markers in  the visceral adipose tissue of obese adults and 

the circulating levels of that cytokines, but not in IL-6 and TNF- (Lasselin et al., 

2014). Furthermore, changes in CT-1 and IL-6 gene expression were positively 

associated, suggesting that CT-1 was able to induce changes in IL-6 transcript. In 

other study carried out in monocytes, it has been described that this is dependent 

on time and concentration manner (Jiménez-González et al., 2013).  

 

 Moreover, CT-1 has been described as an important molecule with a 

significant role in glucose metabolism, being involved in beta-cell viability and also 

improving glucose-stimulated insulin secretion (Moreno-Aliaga et al., 2011).  In 

Chapter 2 we showed that baseline CT-1 gene expression was able to predict post-

intervention insulin values and HOMA-IR. Thus, our results are in accordance with 

the regulatory effect of CT-1 in glucose metabolism outcomes.  
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It is important to note that IGENOI participants are subjects with high 

cardiometabolic risk because they have a waist circumference higher than the 

90th percentile. In this context, an integral 2-year lifestyle intervention has been 

designed to reduce the metabolic risk in these subjects (Chapter 3). One of the 

components is the promotion of MVPA, since higher levels are able to decrease 

cardiometabolic risk (Poitras et al., 2016). Participants were instructed to increase 

their MVPA up to 200 minutes per week. There are different protocols to 

objectively determine PA by accelerometry. We followed the methodology used 

in the IDEFICS study conducted in European children and adolescents (Konstabel 

et al., 2014). We observed that only the 25% of abdominal obese children fulfill 

the WHO recommendations which indicate that daily they should perform more 

than 60 minutes of MVPA. Moreover, the daily average of MVPA was 44 minutes. 

These results are in agreement with other national studies conducted on 

overweight children (Laguna et al., 2013). The outcome of IGENOI intervention 

was a significantly reduction in BMI-SDS in both groups, which was higher in the 

intensive care group. Moreover, in the intensive care subjects anthropometric 

and biochemical parameters studied decreased significantly. In relation to PA, the 

lifestyle intervention resulted in a decrease in light PA in both groups, this result 

was also observed by other authors in a RCT conducted in obese children (Hughes 

et al., 2008). Furthermore, in IGENOI study we demonstrated that intensive care 

participants significantly increased their MVPA by more than 38.5 minutes per 

week, while usual care participants did not change. It is important to mention that 

both groups received the same PA recommendation. It has been described that a 

close follow-up of participants (i.e. duration of the visits) and the family 

involvement are key issues to improve the effectiveness in pediatric interventions 

(Berge and Everts, 2011). In this sense, intensive care participants had a close 

follow-up compared to UC participants, a fact that could partially explained that 

difference. Moreover, a recent meta-analysis showed that the combination of PA 
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and Mediterranean diet pattern provides greater health benefits than those 

acquired with PA or diet alone (Malakou et al., 2018).  

 

 Leptin, a hormone produced by adipose tissue that is involved in the 

regulation of the appetite and plays a central role in the energy homeostasis 

(Rosenbaum and Leibel, 2014). It has been highly correlated with cardiovascular 

and metabolic outcomes in obese and non-obese children (Gonzaga et al., 2014; 

Stakos et al., 2014). The IGENOI participants significantly decreased their leptin 

levels in the intensive phase. That change in leptin was explained by changes in 

adiposity traits and MVPA (Chapter 3). The decrease in adiposity traits such as 

BMI-SDS, waist circumference and waist-to-height ratio is accompanied by a 

reduction in adipose tissue and consequently in the leptin secretion (Siegrist et 

al., 2013; Müller, Enderle, and Bosy-Westphal, 2016). On the other hand, the 

association between MVPA and leptin has been previously described in obese 

adults. An increase in PA (and the hypocaloric diet) leads to a decrease in 

adiposity and consequently in leptin levels (Nurnazahiah, Lua, and Shahril, 2016). 

 

5.3 Effects of an integral lifestyle intervention on telomere length in abdominal 

obese children 

 

 

 In Chapter 4, telomere length was measured by a technique modified by 

Cawthon et al. in 2009. The method is called “monochrome multiplex quantitative 

PCR (MMqPCR)”. Briefly, in the same well-plate reaction both telomere and single 

copy gene are measured. It is more accurate than telomere length measurement 

by single plex quantitative PCR. Telomere length was measured in DNA samples 

from IGENOI participants at baseline and after 8-week intensive phase of the 

lifestyle intervention. Baseline TL was inversely correlated with adiposity indices 
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such as BMI, body weight and waist circumference. Other studies showed that 

obese children had shorter TL than normal weight children (Buxton et al., 2011). 

This observation has also been shown in Arab youths, where it has been observed 

only in obese boys that have shorter telomeres than normal weight pairs, this 

association was not found in girls (Al-Attas et al., 2010). Moreover, in a recent 

study performed in Latino children, authors have observed that TL is a predictor 

of childhood obesity (Kjaer et al., 2018). In contrast, there are other studies that 

found no association between adiposity indices and TL in children and/or 

adolescents (Needham et al., 2012; Masi et al., 2012). The mechanisms involved 

in the association between adiposity and TL could be explained by the low-grade 

inflammatory status and the oxidative stress linked to obesity, that could 

contribute to telomere attrition (Guyatt et al., 2018).  

 

 Moreover, we examined the effect of the lifestyle intervention on changes 

in TL. We did not observed changes in TL attrition, despite achieving a successful 

decrease in BMI-SDS. In this sense, a previous study conducted by García-Calzón 

et al. had demonstrated that TL attrition was reduced after a successful 3-month 

lifestyle intervention in Spanish adolescents (García-Calzón et al., 2014). There 

are few studies that evaluate the effect of a lifestyle interventions on TL, most of 

them were conducted in adults and some of them reported TL elongation (Mason 

et al., 2013), while others did not find any change (Mason et al., 2018). There are 

other studies in which bariatric surgery was the treatment to reduce weight. It 

seems that in extremely obese adults who underwent a bariatric surgery, 

telomere shortening tends to decrease (Carulli et al., 2016; Laimer et al., 2016; 

Dershem et al., 2017) However, as with lifestyle interventions, a recent systematic 

review has concluded that there is an inconsistent effect of weight loss on TL 

(Himbert, Thompson, and Ulrich, 2018).  
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 Telomere length has been proposed as a biomarker of cardiometabolic 

risk. Several studies have associated TL with metabolic and cardiovascular factors 

in both adults (Pusceddu et al., 2018) and in children (Barraclough et al., 2019). In 

our study, baseline TL was not associated with any cardiometabolic risk factor. 

Nevertheless, we observed that longer TL at baseline, significantly predict greater 

changes in glucose levels after the intensive phase of IGENOI study (Chapter 4). 

Our results agree with those previously  reported by our research group in obese 

adolescents, in which longer telomeres at baseline significantly predict glucose 

changes at months 2 and 6 of follow-up (García-Calzón et al., 2016). One potential 

explanation for that association is that subjects with longer TL at baseline are less 

affected by inflammation and oxidative stress and could benefit more from the 

lifestyle intervention.  

 

 

5.4 Effects of MC4R and LCN2 genetic variants on the response to an integral 

lifestyle intervention in abdominal obese children 

 

 The Chapter 5 was performed in order to investigate whether carrying a 

mutation in the transcript regions of MC4R and LCN2 genes could affect the 

effectiveness of the lifestyle intervention. Therefore, IGENOI participants were 

screened for mutations in those genes. In the event that two or more members 

of the family were participating in the study, those with the highest BMI-SDS were 

selected. The 2.67% of IGENOI participants were carriers of functional MC4R 

mutations. In particular they carried the following mutations: Glu42Lys, Thr150Ile 

and Arg305Gln. Moreover, the 5.06% (6 participants) of participants were carriers 

of the polymorphism Ile251Leu that has been associated with a lower risk of 

obesity. On the other hand, only one participant was a carrier of the LCN2 variant. 

It is important to mention that only one participant was carrier of each mutation, 
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so it is impossible to perform statistical analysis to find differences with the wild 

type subjects for MC4R and LCN2 genes. That variants had been previously 

described in different populations (Valladares et al., 2010; Demiralp, Berberoǧlu, 

and Akar, 2011; Santos et al., 2008). The anthropometric and biochemical profile 

of the participants carrying the variants was shown in Chapter 5.  It can be 

observed that all participants with functional mutations in MC4R and LCN2 genes 

had higher BMI-SDS values than wild type subjects, except for the participant 

carrying the Arg305Gln mutation who also carries the Ile251Leu protective 

polymorphism. In this line, carriers of the polymorphism, Ile251Leu presented 

lower BMI-SDS than wild type subjects. 

 

 The influence of carrying a functional mutation on weight loss achieved 

by a lifestyle intervention was evaluated in IGENOI sample. Our results showed 

that participants with MC4R and LCN2 mutations were able to achieve similar or 

greater weight losses than children without mutation in those genes. A systematic 

review had addressed this issue and its results are in accordance with ours, 

confirming that children with MC4R single nucleotide polymorphism (SNP) can 

lose more body weight than non-carriers (Koochakpoor et al., 2016). Reinher et 

al. have observed in a study conducted in 514 overweight children that carriers of 

a mutation in MC4R gene that lead to a reduced receptor function, can achieve a 

successful BMI-SDS reduction, but had difficulties to maintain the weight loss  

reached (Reinehr et al., 2009). 

 

 On the other hand, since MC4R and LCN2 exert their actions in the 

regulation of appetite and satiety pathways, we assessed eating behavior of all 

participants. CEBQ was used as a validated questionnaire that classifies children’s 

eating behaviors in two dimensions: food approach and food avoidance. A ratio 

between the media of food approach and food avoidance could be useful to 



G e n e r a l   D i s c u s s i o n  

121 

compare the behaviors among participants (González, Martínez, and Santos-

Martínez, 2011). It can be observed in Chapter 5 that sub dimensions of food 

avoidance behaviors were lower in mutation carriers than in wild type 

participants. Meanwhile, carrying Ile251Leu variant does not seem to have an 

influence on the eating behavior compared to the obese subjects without 

variation in the MC4R. The scientific literature that evaluates the relationship 

eating behavior and MC4R or LCN2 genes in obese or overweight children is 

scarce. In a cross-sectional study performed in 226 Chilean obese children, the 

MC4R rs17782313 polymorphism was screened. The authors found that the CC 

carriers of the allele had the satiety responsiveness dimension decreased and the 

enjoyment of food increased (Valladares et al., 2010). Another study performed 

in 151 Chinese children had associated food responsiveness with a mutation near 

MC4R gene (rs12970134) (Wang et al., 2017).  

 
 
 In summary, lifestyle interventions conducted in children with obesity 

were effective in the reduction of adiposity and metabolic outcomes. MC4R and 

LCN2 mutations seemed to modify eating behaviors but did not change the 

weight loss response. Meanwhile, some biomarkers such as telomere length and 

cardiotrophin-1 gene expression could have a predictive role in glucose 

metabolism outcomes. 
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6. Conclusions 

1. Children with obesity decreased anthropometric indices after the two 

lifestyle interventions 

 

2. Higher baseline oxidized LDL levels were associated with higher 

cardiometabolic risk score.  After a dietary intervention oxidized LDL 

levels diminished in participants with a greater reduction in BMI-SDS. 

 

3. Serum CRP and TNF-a levels showed a decline after a dietary intervention 

in children with obesity. Furthermore, baseline CT-1 transcript levels were 

able to predict a reduction in HOMA index and insulin levels in children 

with obesity. 

 
4. The lifestyle intervention in children with abdominal obesity increased 

their moderate-to-vigorous PA in 38.5 minutes per week (Intensive care 

participants). Moreover, changes in moderate-to-vigorous PA were 

significantly associated with changes in serum leptin levels. 

 
5. Children with abdominal obesity showed an inverse correlation between 

TL and obesity traits. The wight loss program did not modify telomere 

length. Interestingly, baseline TL predicted changes in blood glucose levels 

in this population with abdominal obesity. 

 
6. MC4R and LCN2 mutations were detected in 2.42% and 0.84% 

respectively, of Spanish children with abdominal obesity. Subjects with 

functional mutations were able to reduce BMI-SDS after one-year of 

lifestyle intervention. Eating behavior seemed to partially explain the 

effect of these genetic variants. 
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