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ABSTRACT 

 
Obesity is a global public health problem due to its large number of associated alterations and is currently considered a 

lifestyle disease. Approximately 70% of cardiovascular complications —one of the main diseases associated with obesity— 

are attributed to modifiable risk factors and, by 2030, 30% of the global deaths will be attributable to these lifestyle diseases. 

Consequently, identifying potentially modifiable risk factors is a priority for implementing both prevention programs and 

effective obesity interventions, since infancy to adulthood. An early identification of healthy and unhealthy behaviors 

facilitates the development of preventive and management strategies for pediatric overweight and obesity. Thus, we 

hypothesized that a lifestyle program combining dietary treatment, promotion of physical activity and behavioral therapy with 

family involvement would be an effective strategy to reduce excess body fat in pediatric subjects with obesity. On the other 

hand, a healthy lifestyle change has been suggested to have impact on DNA damage markers, such as telomeres: repetitive 

nucleotide sequences (5’-TTAGGG-3’) at the end of chromosomes providing stability and protection towards the genome. 

Since these repetitive sequences are shortened in each cell division, telomere length has been proposed as a biomarker of 

biological age and age-related chronic diseases. Moreover, lifestyle factors such as diet and physical activity could influence 

telomere shortening through both oxidation and inflammation mechanisms since guanine-rich DNA is prone to oxidation to 8-

oxo-2’-deoxyguanosine. Therefore, we theorized that, since healthy lifestyle factors are positively associated with telomere 

length, a therapeutic lifestyle change towards healthy habits —an increase in diet quality and physical activity levels—would 

contribute to telomere maintenance.  

The present research work has applied different approaches to investigate the potential effect of lifestyle factors —diet quality 

and physical activity levels— on adiposity and telomere length, in both intervention and cross-sectional studies, in pediatric 

and elderly Spanish subjects. 

In Chapter 1, clustering patterns of diet, physical activity and screen time was identified in children (6-9 years) from the 

World Health Organization European Childhood Obesity Surveillance Initiative. We observed that a healthy cluster —high 

levels of physical activity and high consumption of fruit and vegetables, combined with low screen time use and low sugared 

soft drink intakes— was associated with less risk of overweight or obesity. In Chapter 2, a randomized controlled trial was 

performed in pediatric subjects (7-16 years) with abdominal obesity. Participants were assigned either to a usual care or the 

intervention group based on a moderate hypocaloric Mediterranean diet and nutritional education. Both groups were 

encouraged to increase their physical activity level. An intensive lifestyle intervention was able to reduce anthropometric 

parameters and to improve dietary indexes. In Chapters 3 and 4, we found that favorable changes in diet quality indexes and 

in physical activity levels could contribute to telomere integrity in pediatric population with abdominal obesity. Finally, in 

Chapters 5 and 6, we evaluated the effect of diet quality indexes and Mediterranean dietary pattern on telomere length in 

elderly subjects (>55 years) of the SUN cohort. Our cross-sectional analyses suggest that individuals in the highest dietary 



 
 

indexes categories had lower risk of short telomere length. Moreover, better adherence to a posteriori derived Mediterranean 

dietary pattern was associated with longer telomere length.   

Overall, the results reported in the present dissertation in pediatric and elderly population, add new insights into the impact of 

lifestyle risk factors in the obesity development; and their potential effect on telomere length, as an adiposity marker 

reflecting both the inflammatory and oxidative stress status. The evidence will help to identify therapeutic lifestyle changes 

able to reduce adiposity and obesity-related disorders, which, in turn, will influence telomere shortening. 
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OBESITY 

Background on obesity: etiology and diagnosis  

Obesity is defined as a state of excessive inflamed or dysfunctional adipose tissue as a consequence of a positive energy 

balance, maintained over the time that leads to increased morbidity (Romieu et al., 2017). Obesity is characterized by a 

chronic, low-grade inflammation due to two main mechanisms: i) a hypertrophy and hyperplasia of adipocytes with an altered 

secretion of adipokines, cytokines and acute phase proteins —such as C-reactive protein, among others— that exhibit 

proinflammatory actions and ii) an accumulation of macrophages in adipose tissue. Moreover, oxidative stress is considered a 

potential inducer of the inflammatory state and susceptibility to obesity related pathologies (Longo et al., 2019). Obesity 

development is a complex interaction between genetic, environmental and lifestyle factors (Figure 1) (Kadouh and Acosta, 

2017).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Interacting factors in the development of obesity. In the energy balance, the caloric content of nutrients provides 
energy, which is expended through three metabolic processes: 1) basal metabolic rate, 2) the thermic effect of food and 3) 
physical activity (PA) energy expenditure. 
 
An accurate obesity diagnosis should be the first step towards treatment. Although obesity is well-defined, the diagnosis is 

complex, especially in children and adolescents (Orsso et al., 2020). In adults, body mass index (BMI) is the most widely 

used measurement in a clinical setting. This ratio between body weight in kilograms and the square of height in meters 

(kg/m2), is able to identify subjects with underweight (<18.5 kg/m2), normal weight (18.5–24.9 kg/m2), overweight or pre-

obesity (25–29.9 kg/m2) and obesity (>30 kg/m2), without taking into account sex or age (WHO, 2020a). BMI is considered a 
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valid and simple anthropometric index to evaluate excess weight. However, it does not account for fat mass or lean 

compartments. Therefore, other measures must be applied to determine body composition. In the clinical practice, 

measurement techniques of body composition such as dual-energy X-ray absorptiometry, air displacement plethysmography 

or bioelectrical impedance are expensive and not always feasible to perform, especially in children (Fields et al., 2002). 

BMI is also used in pediatric populations as a standard measurement. However, it is complex to set fixed cut-off values —as 

in adult subjects— due to the constant and fast changes in weight and height related to normal growth and development. 

Therefore, sex- and age-specific growth standards, which describe normal growth under optimal environmental conditions, 

are primarily used in pediatric subjects (Kumar and Kelly, 2017). In 2000, the International Obesity Task Force (IOTF) 

established cut-off points to classify overweight and obesity in pediatric subjects aged 2 to 18 years old, corresponding to the 

accepted BMI cut-off points for adults, respectively (Cole et al., 2000). In 2007, Cole et al. established cut-off points to 

define thinness in children based on BMI values below 18.5 kg/m2, 17 kg/m2 and 16 kg/m2, corresponding to grade 1, 2, 3 of 

thinness for adults, respectively (Cole et al., 2007). On the other hand, the World Health Organization (WHO) classifies 

childhood obesity through the standard deviation score of BMI (BMI-SDS). This parameter is calculated through the 

following formula: “observed value” minus “median value of the reference population”, divided by standard deviation value 

of the reference population. Thus, de Onis et al. defined childhood obesity as the proportion of children with BMI-for-age 

values greater than two SDS from the WHO growth standard median (de Onis et al., 2007). This score, which is based on the 

distribution of the reference population, led to the reformulation of IOTF cut-offs to be expressed as SDS (Cole and Lobstein, 

2012).  

To address the above-mentioned limitation of BMI and BMI-SDS in terms of adiposity distribution, the International 

Diabetes Federation (IDF) established waist circumference (WC) measurement as a mandatory component to diagnose 

metabolic syndrome (MetS), together with other features (Alberti et al., 2009). WC is considered an independent predictor of 

comorbidities related to obesity such as insulin resistance, dyslipidemia and elevated blood pressure. Children between 6 and 

16 years old with WC values higher than the 90th percentile are diagnosed with abdominal obesity. For adolescents older than 

16 years and adults, the IDF classified abdominal obesity as a WC higher than 94 cm or 80 cm for Europid men and women, 

respectively (Zimmet et al., 2007).  

Obesity prevalence: causes and consequences  

According to WHO, the worldwide prevalence of obesity almost tripled from 1975 to 2016. Overall, it was estimated that 

about 39% of adults were diagnosed with overweight and 13% with obesity in 2016. The prevalence of overweight and 

obesity in children and adolescents aged between 5 to 19 years increased from 4% to 18% over the past four decades (WHO, 

2020a). In many high-income countries, the rising obesity trend in children and adolescents has stabilized, although at high 

BMI levels, while in low-income countries, where underweight used to be the main problem, an increasingly rapid transition 

to overweight and obesity has been observed (Abarca-Gómez et al., 2017) (Figure 2). Current trends in obesity prevalence 
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suggest an increase at 60% in adult men, 40% in adult women and 25% in children by 2050 (Milano et al., 2020). This 

worldwide increase in the incidence of obesity has been mainly associated to global trade liberalization, economic growth and 

rapid urbanization leading to substantial in the environmental, dietary and lifestyle changes, promoting a positive energy 

balance (Cuevas Garciá-Dorado et al., 2019; Malik et al., 2013; Popkin, 2006).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Prevalence of obesity by sex and country in 2016 in children and adolescents (5-19 years).  Obesity was 
defined as > 2 SD above the median of the WHO growth reference. Source: Abarca-Gómez et al. 2017. 
 

The increasing rate of childhood obesity is associated with a higher risk of chronic complications previously considered as 

“adult” disorders such as type 2 diabetes mellitus, dyslipidemia, obstructive sleep apnea, steatohepatitis, among others 

(Kumar and Kelly, 2017). Therefore, children with obesity are at higher risk of morbidity and mortality in adulthood due to 

cardiovascular and other metabolic disorders and even normal-weight adults who suffered from obesity either in childhood or 

adolescence have shown an increased risk of cardiovascular events, as well as early mortality (Kelsey et al., 2014).  

In the United States, obesity-related cost account for more than 20% of all annual spending on health care, with a 42% higher 

direct medical cost in subjects with obesity compared to normal-weight individuals (Apovian, 2016; Spieker and Pyzocha, 

2016). Moreover, obesity in adults also entails a social burden in the form of non-productivity and low economic growth as a 

result of fewer days worked, lower productivity at work, mortality and permanent disability (Tremmel et al., 2017). In 

children, obesity is also associated with negative consequences, due to an increased school absenteeism, lower educational 

level and greater likelihood of bulling when compared to their lean peers (Apovian, 2016).  

Lifestyle factors related to obesity 

Energy imbalance is partly the result of environmental changes at levels beyond the control of any single individual. 

However, not everyone responds equally to this obesogenic environment, which interacts with genetics, and other factors 

such as family history, sex, ethnic differences, socio-economic or cultural context. While energy balance and weight 
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regulation are considered to be the result of a complex interaction between genetic, environmental and lifestyle factors, 

fundamentally modifiable behaviors in response to these conditions could play a dominant role in obesity prevention (Hruby 

and Hu, 2015). For these reasons, obesity is considered one of the major lifestyle diseases. Indeed, approximately 70% of 

cardiovascular disease —one of the main comorbidities associated with obesity— cases and subsequent deaths was attributed 

to modifiable risk factors such as diet and physical activity (PA), among others (Yusuf et al., 2020). 

Dietary patterns 

Diet is considered a major modifiable determinant of chronic diseases (Forouhi and Unwin, 2019; Hruby et al., 2016; Yusuf 

et al., 2020). Over the last years, there has been a dramatic change in food choices and eating habits, which has contributed to 

the increase of diet-related chronic diseases such as obesity or cardiovascular disease. Thus, the WHO estimated that 31% of 

cardiovascular diseases and 1.8% of the total disease burden worldwide was attributed to inadequate fruit and vegetable 

consumption (Lock et al., 2005). Interestingly, behavioral risk factors, including unhealthy eating habits combined with 

alcohol consumption, tobacco use, physical inactivity and excessive sodium intake, were the largest contributors to deaths 

(26.3% of the population-attributable fractions) in a study of 155,722 individuals without prior history of cardiovascular 

disease (Yusuf et al., 2020). In Mediterranean regions —characterized by a healthy consumption of food groups such as 

fruits, vegetables, whole grain cereals, legumes, nuts, seeds and olive oil— a westernization of eating habits towards 

consumption of energy-dense but nutrient-poor foods has been observed (Rosi et al., 2019). Specifically, children and 

adolescents have increased caloric consumption with larger portion sizes, excessive consumption of energy-dense foods with 

a high glycemic index and saturated fat content —sweet beverages, fast food, refined products and precooked dishes— and 

very low fruit and vegetable consumption (Kumar and Kelly, 2017).  

For these reasons, the identification of dietary components related to prevention or even obesity treatment has become a 

major concern for researchers and public health authorities. Nutrition research has been traditionally based on the study of 

isolated nutrients and foods groups. However, humans dietary habits are based on a mixture of foods rather than isolated 

nutrients, and the exclusion of a possible synergistic effect among them has led to an alternative holistic approach to dietary 

patterns (Cespedes and Hu, 2015; Roman et al., 2019).  

A priori approach consists of describing a dietary pattern according to dietary guidelines, previous scientific evidence or 

traditional diets based on pre-defined criteria using dietary scores or indexes. The scores can include nutrients, foods and/or 

food groups that allow quantification of diet quality. One of the main strengths of this approach is the ease of use and 

computation in large populations and the useful interpretation for public health messages. Validation of these dietary indexes 

often involves studying associations with nutrient adequacy or with a chosen disease using specific biomarkers (Agnoli et al., 

2019; Gherasim et al., 2020). 

A posteriori approach consists of identifying dietary patterns based on available empirical data of a population under study, 

using exploratory methods. The main statistical techniques to derive a posteriori analysis are factor analysis (principal 
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component analysis), which extracts food consumption factors (patterns) by correlating the foods that explain most of the 

total variance in intake of the population under study. In contrast, cluster analysis identifies dietary patterns based on 

significant differences in dietary intake, grouping individuals into separate, non-overlapping subgroups. The main advantage 

of this multivariate analysis is the possibility to study nutrient interactions since it evaluates the real consumption in the 

population without the limiting factor of preexisting evidence (Agnoli et al., 2019; Gherasim et al., 2020). An overview of 

the main dietary patterns and their association with obesity related outcomes is presented in Table 1.  

 

Table 1. Summary of dietary patterns and their association with obesity and related diseases. 

Approach Comparison Dietary Pattern  Objective Main findings 

A priori   

In
de

xe
s 

an
d 

sc
or

es
 

- Based on 
preexisting evidence 
 
- Subjects receive 
dietary scores 
 
- Variable used: 
dietary scores 
(continuous) 

Prime Diet Quality 
Score, PDQS 

(Fung et al., 2018) 

Adherence to a 
sustainable and healthy 
diet on a global scale 

↓ risk of ischemic heart disease (Fung et al., 2018), 
gestational diabetes mellitus (Gicevic et al., 2018) and 
cardiovascular risk factors (Alvarez-Alvarez et al., 2020).  

Mediterranean Diet 
Adherence Screener, 

MEDAS 
(Schroder et al., 2011) 

Compliance with the 
Mediterranean Diet 

↓ risk of obesity (Alvarez-Alvarez et al., 2020; Patino-
Alonso et al., 2014), MetS (Kazaz et al., 2018), diabetes, 
cardiovascular events (Domínguez et al., 2013; Sánchez 
et al., 2020), high BMI (Sánchez et al., 2019) and all-

cause mortality (Alvarez-Alvarez et al., 2018); ↑ 
metabolic health (Konieczna et al., 2020) 

Dietary Approaches to 
Stop Hypertension, 

DASH 
(Fung et al., 2010) 

Adequacy of a diet 
designed to prevent 

hypertension 

↓ genetic predisposition to obesity (Ding et al., 2018; T. 
Wang et al., 2018), visceral adiposity and liver fatness 

(Maskarinec et al., 2017); ↓ risk of nonalcoholic fatty 
liver disease (Hekmatdoost et al., 2016) and MetS 

(Ghorabi et al., 2019); ↑ metabolic health (Park et al., 
2017) 

Alternate Healthy Eating 
Index 2010, AHEI-2010 

(Chiuve et al., 2012) 

Adherence to Dietary 
Guidelines for 

Americans and dietary 
factors related to lower 
risk of chronic disease 

↓ risk of obesity (Alvarez-Alvarez et al., 2020; Cheung et 
al., 2018), high blood glucose (Abdurahman et al., 2020), 

high LDL-c (Z. Wang et al., 2018); ↓ genetic 
predisposition to obesity (T. Wang et al., 2018), BMI 
(Chang et al., 2018) and weight gain (Tobias et al., 2016) 

Total diet quality for 
Adolescents, DQI-A 
(Vyncke et al., 2013) 

Adherence to a diverse, 
balance and quality diet 

↓ BMI, fat mass (De Miguel-Etayo et al., 2018) and 

perceived stress (De Vriendt et al., 2012); ↑ diet quality 
perception (Vanhelst et al., 2017) 

Healthy Lifestyle Diet-
Index for children, 

HLD-I 
(Manios et al., 2010) 

Adherence to dietary and 
lifestyle guidelines for 
children based on US 

Department of 
Agriculture’s My 

Pyramid 

↓ BMI, WC, fat mass [adapted Turkey version, (Ertaş 

Öztürk et al., 2018)] and insulin resistance (Ertaş Öztürk 

et al., 2018; Manios et al., 2010); ↑ scores in subjects 
without MetS presence and obesity awareness [adapted 
Turkey version, (Bozbulut et al., 2020)] 

Mediterranean Diet 
Quality Index for 

children, KIDMED 
(Serra-Majem et al., 

2004) 

Adherence to 
Mediterranean Diet 

↓ BMI (Barja-Fernández et al., 2020; De Santi et al., 
2020),  cardiovascular endurance (Galan-Lopez et al., 
2019), WC (Bacopoulou et al., 2017; Labayen Goñi et 
al., 2018), weight misperception (Buscemi et al., 2018), 
liver damage, C-reactive protein, insulin and blood 

pressure (Della Corte et al., 2017); ↑ sleep quality (Rosi 
et al., 2020);  
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Table 1. Continuation. 
Approach Comparison Dietary Pattern  Objective Main findings 

A posteriori 

F
ac

to
r 

A
na

ly
si

s 
 (P

ri
nc

ip
al

 C
om

po
ne

nt
 A

na
ly

si
s)

 - Based on 
intercorrelations 
between input 
variables for diet 
 
- Subjects receive 
dietary scores 
 
- Variable used: 
continuous scores 

Mediterranean Dietary 
Pattern 

 

Empirically extracted 
dietary patterns 

commonly considered as 
healthy are labeled as 

“Healthy” or “Prudent”, 
characterized by high 

consumption of  fruits, 
vegetables, legumes, 
fish, whole grains, 

poultry, low-fat dairy; 
and also olive oil in  

“Mediterranean” healthy 
pattern 

 
Empirically extracted 

dietary patterns 
commonly considered as 
unhealthy are labeled as 

“Unhealthy” or 
“Western”, characterized 
by high consumption of 

red meat, processed 
meat, fast food, refined 
grains, eggs and sugar-

containing foods 

Summarized in several reviews an inverse association 
between healthy dietary patterns and biomarkers of 
inflammation (Barbaresko et al., 2013), risk of diabetes 
type 2 (Jannasch et al., 2017; McEvoy et al., 2014), 
central obesity (Rezagholizadeh et al., 2017), MetS 
(Hosseini et al., 2016; Rodríguez-Monforte et al., 
2017), overweight and obesity (Mu et al., 2017), 
healthy birth weight (Kjøllesdal and Holmboe-Ottesen, 
2014) and mortality (Ford et al., 2013) 
 
 
 
Summarized in several reviews a direct association 
between unhealthy dietary patterns and biomarkers of 
inflammation (Barbaresko et al., 2013), risk of diabetes 
type 2 (Jannasch et al., 2017; McEvoy et al., 2014), 
MetS (Hosseini et al., 2016; Rodríguez-Monforte et al., 
2017), cardiometabolic alterations (Rocha et al., 2017), 
low birth weight (Kjøllesdal and Holmboe-Ottesen, 
2014), overweight and obesity (Mu et al., 2017) 
 

Western Dietary Pattern 

C
lu

st
er

 A
na

ly
si

s 

- Based on dietary 
intake differences 
among study 
subjects 
 
- Subjects separate 
into groups 
 
- Variable used: 
categorical variable 
defining group 

Healthy Dietary Pattern 
 

Unhealthy Dietary Pattern 

MetS, metabolic syndrome; BMI, body mass index; LDL-c, low-density lipoprotein cholesterol; WC, waist circumference. 

 

Specifically, among the variety of dietary patters studied, the Mediterranean Diet is one of the most studied and known for its 

health benefits. Recently, it was critically reviewed by Martínez-González et al., they concluded that the available evidence 

of the health outcomes associated to this dietary pattern is large, strong and consistent despite controversies in the 

methodology (Martínez-González et al., 2019). The Mediterranean Diet is characterized by a high intake of nutrient-dense 

foods —fruits, vegetables, cereals, legumes, nuts and seeds—, frequent consumption of fish, moderate intake of dairy 

products, low consumption of meat and processed meat products, and the use of olive oil as the main source of fat (Willett et 

al., 1995). A recent review of meta-analyses —also known as an umbrella review— on the health effects of the 

Mediterranean Diet compiled robust evidence for decreased overall mortality, cardiovascular diseases, overall cancer 

incidence, neurodegenerative diseases and diabetes (Dinu et al., 2018). In addition, this dietary pattern has been inversely 

associated with several other conditions, including obesity, MetS, depression, cognitive decline and quality of life, among 

others (Carlos et al., 2018; Serra-Majem et al., 2019; Soltani et al., 2019).  
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Physical activity and sedentary lifestyle 

PA accounts for 20–30% of energy expenditure, depending on the individual’s level of exercise. Sedentary lifestyle implies 

an insufficient expenditure of caloric intake and consequently can cause weight gain. It has been widely demonstrated that 

high PA levels prevent obesity development. The practice of moderate, regular PA reduces abdominal obesity, hypertension, 

insulin resistance, dyslipidemia and improves risk factors for obesity-related comorbidities (e.g. diabetes or cardiovascular 

diseases) independently of weight loss (Stewart and Dobrosielski, 2018).  

On the other hand, low energy expenditure behaviors such as sedentary activities are associated with obesity. The Nurses’ 

Health Study observed that each 2-hour daily increment spent watching television or sitting at work was associated with a 

23% and 5% increased risk of obesity, respectively (Hruby et al., 2016). In the childhood population, where sedentary 

behavior has increased in recent decades, children who spent more than 2 hours daily in screen activities (Keane et al., 2017) 

or more than 5 hours daily in total sedentary activities (Hadi et al., 2020) were at increased risk of overweight/obesity 

regardless of their PA level. Interestingly, Pearson and Biddle observed that sedentary behavior —characterized by an 

increase in both screen use and television watching— is associated with unhealthy dietary habits in children, adolescents and 

adults (Pearson and Biddle, 2011). In a recent systematic review, Stiglic and Viner described with robust evidence that a 

higher level of screen time was associated with adiposity, unhealthy diet, depressive symptoms and lower quality of life in 

children and adolescents (Stiglic and Viner, 2019). 

In view of the strong link between PA and health status, the WHO proposed a 10% reduction in the prevalence of insufficient 

PA by 2025 among the nine global goals to prevent and treat obesity related diseases (WHO, 2020b). However, the current 

model of civilization together with advances in technology leads to a sedentary lifestyle characterized by spending a lot of 

time watching television or using electronic devices (Stiglic and Viner, 2019). Thus, if current worldwide trends continue, we 

would fail to meet the PA goals of the WHO by 2025 (Guthold et al., 2018). 

Early prevention and treatment to obesity 

Obesity is one of the major lifestyle diseases which, in turn, increases the risk of other associated traits, such as 

cardiovascular diseases, cancer, type 2 diabetes and chronic lung diseases (Chatterjee et al., 2020). In this sense, the WHO 

postulated that 30% of global deaths will be attributed to lifestyle diseases by 2030 (WHO, 2010a). The implementation of 

cost-effective health prevention and intervention programs focusing in therapeutic lifestyle changes could attenuate the 

projected death rates associated to lifestyles (De Lorenzo et al., 2020; Poorolajal et al., 2020). In this sense, early prevention 

and intervention in the young population is considered a key factor for this public health problem. Despite the multifactorial 

etiology of pediatric obesity, some of its risk factors are modifiable and can interact with genetic and metabolic 

predisposition for weight gain (Ponder and Anderson, 2007). In addition, implementation of a healthy lifestyle in this 

population group is crucial, as childhood is a learning stage in which habits are established and persist over time.  
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In obesity prevention programs focused on maintaining weight loss or controlling excessive weight gain, a standardized 

protocol is important to evaluate large populations and accurately assess nutritional status and lifestyle factors. In this 

context, the WHO European Childhood Obesity Surveillance Initiative (COSI) —a standardized system to compare data on 

the nutritional status of primary school children— have shown that Southern European countries have the highest 

overweight/obesity (Wijnhoven et al., 2014) and severe obesity prevalence (Spinelli et al., 2019). Interestingly, in the same 

population, each additional hour of screen time was associated with increased unhealthy eating behaviors, whereas an 

additional hour of sleep duration was associated with favorable food choices as fruits and vegetables (Börnhorst et al., 2015). 

In addition, there are two large multicentre studies in Europe investigating the etiology of overweight/obesity and the 

influence of lifestyle factors to implement primary prevention programs: the IDEFICS (Identification and prevention of 

Dietary- and lifestyle-induced health EFects In Children and infantS) and HELENA (HEalthy Lifestyle in Europe by 

Nutrition in Adolescence) studies (Pigeot et al., 2011). These studies showed that a multiple lifestyle factors such as, a low 

consumption of fruit and vegetables, and a high consumption of sugary drinks plus an average of 9 hours daily in sedentary 

activities (Moreno et al., 2014), and a low percentage of the subjects spending more than 1 h/day in moderate to vigorous PA 

(MVPA) (Konstabel et al., 2014) are associated with weight gain and obesity. In Spain, the THAO (Think Action Obesity) 

study revealed a deficient adherence to a Mediterranean Diet in 50.6% of the pediatric sample studied. On the other hand, the 

WHO “Global Recommendations on Physical Activity for Health” state that children and adolescents should accumulate a 

minimum of 60 minutes of PA per day (WHO, 2010b). However, the THAO study described low and medium PA levels in 

89.6% of the studied population and only 10.3% at a high level of PA (Esteve and Santos, 2016). 

Hence, an intensive lifestyle intervention is recommended as the primary treatment for reducing excess body weight in 

children and adolescents. An effective lifestyle program should combine three principal areas: dietary treatment, PA 

promotion and behavioral therapy, encompassing professionals from different health areas such as pediatricians, dieticians, 

nurses, physical experts and psychologists (Al-Khudairy et al., 2017; Kim and Lim, 2019; Mead et al., 2017; Reinehr, 2013) 

(Figure 3).   
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Figure 3. Components of lifestyle interventions in childhood obesity. 

 

As mentioned previously, Mediterranean Diet is considered one of the best dietary patterns to reduce the risk of obesity. 

Dietary interventions based on Mediterranean Diet in pediatric subjects improved adiposity markers (Ranucci et al., 2017) 

and reduced the prevalence of disorders associated with obesity, such as MetS (Rendo-Urteaga et al., 2013; Velazquez-Lopez 

et al., 2014). It is important to emphasize that in pediatric populations with obesity, moderate calorie-restriction diets should 

be prescribed so as not to interfere with the child’s growth and development (Marqués et al., 2012). On the other hand, 

previous findings indicate that interventions promoting PA are more effective compared to interventions lacking PA 

promotion (Malakou et al., 2018; De Miguel-Etayo et al., 2013). Moreover, interventions in children should take into account 

time spent on sleeping, inactivity and PA (Chaput et al., 2017). Finally, appropriate behavior therapy includes nutritional 

education for the children and their parents, needed to establish an environment that facilitates the maintenance of healthy 

lifestyle habits and the reduction of central adiposity (Leis et al., 2020b). For pediatric populations, family-based programs 

facilitate lifestyle changes and enhance the long-term effects due to the influential role of the family environment (Kumar and 

Kelly, 2017). 
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TELOMERES 

Background on telomeres: discovery, structure, function and maintenance 

In 1938, Muller observed that the ends of linear chromosomes were different from the induced broken ends, and named 

“telomeres” from the Greek words telos, meaning “end” and meros, meaning “part” (Muller HJ, 1938). This finding was 

corroborated by McClintock (McClintock, 1941). Further study of telomere structure was a challenge for molecular biology 

due to two major subsequent discoveries: cell senescence (Hayflick and Moorhead, 1961) and the end replication problem 

(Watson, 1972). It was then that Blackburn and Gall in 1978 characterized the first telomeres from the protozoa Tetrahymena 

thermophila, when rich sequences (20-70) of TTGGGG were observed (Blackburn and Gall, 1978). After the determination 

of telomere sequences in more organisms, the human sequence was identified in 1988 as a tandem of 5’-TTAGGG-3’ repeats. 

In parallel, Szostak and Blackburn observed that telomeres from yeast were maintained throughout evolution, and 

hypothesized that in eukaryotic cells there was a similar system of conservation (Szostak and Blackburn, 1982). In 1985, 

Greider and Blackburn discovered terminal transferase activity that adds telomeric sequences and maintains telomere length 

(TL) (Greider and Blackburn, 1985). This would later become known as telomerase (Greider and Blackburn, 1987). The 

researchers of these discoveries —Elizabeth H. Blackburn, Carol W. Greider and Jack W. Szostak— were awarded the 2009 

Nobel Prize in Physiology or Medicine for “the discovery of how chromosomes are protected by telomeres and the enzyme 

telomerase” (Blackburn, 2010) [For a complete telomere and telomerase timeline discovery, see (Shay and Wright, 2019)]. 

In mammalian cells, telomeric DNA is composed of a highly conserved, repetitive hexameric sequence of 5’-TTAGGG-3’ 

found at the end of chromosomes. Two of the biggest biological obstacles are focused at the end of the linear chromosomes: 

their protection and the end replication problem (Smith et al., 2020). The main function of telomeres is the protection of 

chromosomes by means of the telomeric DNA repeats organized into a double strand, followed by a terminal 3’ single 

stranded G-rich sequence forming a loop to maintain genome stability (Figure 4A). The special structure is characterized by 

a T-loop when G-rich strands invade the telomeric double stranded DNA, and a D-loop due to displacement. To stabilize the 

loops, a six-protein complex (TRF1, TRF2, TIN2, RAP1, TPP1, and POT1), called shelterin or protector complex, is 

associated with telomeres (Figure 4B) (Turner et al., 2019). However, the DNA replication machinery is unable to 

completely copy the 5’ end of DNA of linear chromosomes, losing bases in each cell division (Figure 4C). This replication 

problem can be solved by the specific ribonucleoprotein enzyme telomerase, which adds telomeric repeats to the end of 

chromosomes. The human telomerase is composed by a telomerase reverse transcriptase (TERT) catalytic subunit for 

elongation, a telomerase RNA component (TERC) that serves as a template for de novo addition of repetitive sequence at the 

3’ end of the telomeric DNA, and accessory proteins that regulate the biogenesis of telomerase (Figure 4D) (Blackburn et al., 

2015). 
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Figure 4. Telomeres in human cells are repetitive DNA sequences at the ends of chromosomes (A) protected through a 
T-loop and a shelterin complex (B).  Telomeres progressively shorten in normal cells with each cell division (C), which 
can be partly solved by the telomerase (D). TRF1, telomere repeat factor 1; TRF2, telomere repeat factor 2; RAP1, 
repressor/activator protein 1; TIN2, TRF1- and TRF2- interacting nuclear protein 2; TPP1, tripeptidyl-peptidase 1; POT1, 
protection of telomeres 1. TERC, telomerase RNA component; TERT, telomerase reverse transcriptase; TCAB1, telomerase 
cajal body protein 1.  
 

Telomere length dynamics 

In 1990, Harley et al. observed that TL shortened during aging in human fibroblasts (Harley et al., 1990). Somatic cells 

whose telomeres reach a critically short length enter into cellular senescence and, finally, into apoptosis or oncogenic 

transformation. With an estimated loss of 50 base pairs (bp) per year, telomeres were postulated to act as a mitotic clock (Von 

Zglinicki, 2006). In addition to the important role of telomeres in replicative senescence, Bodnar et al. demonstrated an 

ectopic expression of telomerase (Bodnar et al., 1998). The amount of telomerase depends on the cell type. In the majority of 

somatic cells telomerase activity is diminished after birth, except for stem cells, lymphocytes and cancer cells in which the 

high level of telomerase activity led to lower telomere shortening (Hiyama and Hiyama, 2007). Therefore, telomere 

shortening and aging were related and considered good markers of biological age (Allsopp et al., 1995).  

During infancy, the rate of TL attrition is very rapid —approximately 250 bp/year— in the first 3 years of life. Between the 

age of 3 until young adulthood the rate of telomere attrition becomes constant but gradually decreases (Gorenjak et al., 2020). 

In leukocytes, the rapid TL shortening during the first 20 years of human life could be explained by the increase cell 

replication rate in infants necessary in the accelerated development of the immune system, expanding of hematopoietic stem 

cell (HSC) and hematopoietic progenitor cell (HPC). The attenuation of the shortening TL rate in the adult is driven by the 
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self-renewal functions of HSC pool to compensate for the loss of HSC and HPC replication due to senescence and apoptosis. 

The process consist on a replication downstream from HSC to HPC increasing leukocyte pool and determining leukocyte TL 

(Sidorov et al., 2009). However, TL not only depends on this process, but on several mechanisms that can play a role in 

telomere shortening and on TL maintenance. In brief, TL is heritable from TL of the stem cells at birth, but it is also the result 

of a balance between TL shortening and TL maintenance that can be modified by several genetic, demographic and 

environmental factors (Figure 5). 

As mentioned, TL decreases in each cell division as a part of the natural aging process. However, the telomeric DNA, rich in 

guanines, is prone to oxidation to 8-oxo-2’-deoxyguanosine and susceptible to single strand break formation. Consequently, 

oxidative stress and inflammation processes are linked to premature shortening of TL independently of age (Oikawa et al., 

2001; Oikawa and Kawanishi, 1999). 

Regarding telomere lengthening and maintenance, Epel summarized the answer to the question “how reversible is telomeric 

aging” in three main points. First, telomerase-dependent lengthening occurs in complex living beings, but measuring this 

activity in vivo is difficult due to TL measurements in a moving target, for example in leukocytes. Telomerase targets short 

telomeres instead of lengthening long telomeres and lengthens them, to prevent critically short telomeres, known as actual 

lengthening. Second, in accordance with the previous statement, a decrease in telomere attrition rate could be also explained 

by mechanisms involving the reduction of biological stress (also known as actual lengthening). Third, the average TL can 

increase due to redistribution in circulating immune cells including diverse cell populations, such as large numbers of 

younger cells with longer telomeres. This mimics a literal TL lengthening and it is called “pseudo-lengthening” (Epel, 2012). 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 5. Mechanism implicated in telomere shortening or maintenance and the main related factors. 
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Lifestyle factors related to telomere integrity 

The scientific evidence shows the relationship between TL and chronological age (explaining an estimated 17.5% of the 

inter-individual variation). However, a high TL variation has been observed among individuals of the same or similar age in 

all ranges evaluated (Barrett et al., 2015). As summarized in Table 2, previous findings suggest that, along with age, genetic, 

sociodemographic and environmental factors modulate TL.  

 

Table 2. Summary of main findings on factors related to telomere integrity. 

Factors Findings References  

Genetic    

Heritable 

It has been reported high heritability of TL in several twin studies. Approximately 60% 
of the interindividual TL variation and 30% of telomere age-dependent attrition are 
hereditable. Although more studies have reported higher paternal heritability, both 
paternal and maternal have been demonstrated.  

(Aviv, 2012; Broer et al., 
2013; Dugdale et al., 
2018) 

Paternal age at 
conception 

Longer TL is found in offspring conceived by older men. Although the mechanisms 
remain unclear, could be caused by a progressive age-dependent elongation of TL in the 
male germ-line in accordance to the differences in telomerase activity between the most 
of somatic cells and stem cells. A direct transmission of variation in TL from parent to 
offspring considered as an epigenetic factors have been demonstrated but deeper 
investigations are needed 

(Delgado et al., 2019; 
Eisenberg, 2019; Horvath 
et al., 2019) 

Genetic Variants 

Genome-wide studies have associated TL with some specific loci in candidate genes: 
TERC, TERT, NAF1, OBFC1, and RTEL1. Several genetic mutations involving 
telomerase and telomeres are linked to premature aging disorders, such as, dyskeratosis 
congenita (mutation in TERC or TERT) or Werner syndrome (mutation in WRN gene) 

(Codd et al., 2013; Li et 
al., 2020; Mangino et al., 
2012; Turner et al., 2019) 

Sociodemographic   

Sex 

Shorter TL is found in men compared to women, and their telomeres decline more 
rapidly with age. It could be explained by the stimulating effect of estrogens on 
telomerase and its anti-inflammatory and antioxidant functions in women, and the 
absence of a compensatory allele in case of deleterious recessive allele in men. 

(Barrett and Richardson, 
2011; Dalgård et al., 
2015; Gardner et al., 
2014) 

Ethnicity 

Inconsistent associations between TL and race/ethnicity have been reported in multi 
centers populations. Several studies reported longer TL in black and Hispanic subjects 
compared with whites. Also, the inverse association was observed in other studies, and 
even differences in TL attrition have been reported.  

(Brown et al., 2017; 
Lynch et al., 2016; Roux 
et al., 2009) 

Environmental   

Psychosocial stress 

Many of the facts related to psychosocial stress are linked to shorter TL: chronic and 
acute psychological stress, prenatal maternal stress, early life stress in childhood mainly 
by maltreatment, mental health, low socioeconomic status and educational attainment. 
These processes are linked to an increase in oxidative stress leading to DNA damage, as 
well as a decrease in telomerase activity. 

(Starkweather et al., 
2014) 

Smoking 
TL is shorter among people who ever smoked compared to people who never smoked 
and among current smokers compared to former smokers. It is well-know that smoking 
induces oxidative stress and damage in telomeric DNA.  

(Astuti et al., 2017) 

Alcohol Consumption 
Social drinkers and alcohol abusers had shorter telomeres, and it was observed that the 
amount of alcohol is inversely correlated to TL.  

(Pavanello et al., 2012) 

Unhealthy Lifestyle 
Several studies have evaluated the effect of a healthy diet, such as Mediterranean Diet 
accompanied by an active lifestyle. The intake of nutrients with antioxidant effects, and 
high PA levels were able to reduce oxidative stress and inflammation. 

(Arsenis et al., 2017; T. 
Freitas-Simoes et al., 
2018, 2016) 

TERC, telomerase RNA component; TERT, telomerase reverse transcriptase; NAF1, nuclear assembly factor 1 
ribonucleoprotein; OBFC1, oligonucleotide/oligosaccharide-binding fold-containing protein 1; RTEL1, Regulator of 
Telomere Elongation Helicase 1. 
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Identifying factors with effects on TL dynamics could promote health and longevity. Among them, the importance of 

identifying lifestyle factors, such as poor diet quality and physical inactivity, lies in the fact that these factors can potentially 

be modified. 

Dietary patterns  

Antioxidants play a particularly important role in nutrition since they could ameliorate the aging process. The deficiency in 

several vitamins and minerals such as vitamins A, C and E, selenium, zinc magnesium, and polyunsaturated fatty acids 

(PUFAs) have been associated with accelerate telomere shortening through their potential role in process linked to oxidative 

stress and inflammation involved in telomere integrity. Moreover, several B-group vitamins could affect TL through DNA 

methylation and synthesis because of their key role in one-carbon metabolism, a metabolic pathway essential for DNA 

integrity [For a comprehensive review of the antioxidant dietary factors on telomere integrity, see Appendix 4 (Ojeda-

Rodríguez et al., 2018)]. As mentioned, the interactions between nutrients and bioactive compounds make the study of 

dietary patterns —rather than studying isolated foods or nutrients— interesting to understand the influence of diet on TL. 

Several observational studies reviewed in Table 3 have showed that adherence to specific dietary patterns derived by a priori 

or a posteriori approaches may be associated with telomere dynamics.  

 

Table 3. Summary of observational studies evaluating the association between dietary patterns and telomere integrity.  

 Population (n; age) Dietary Pattern Association with TL 

A priori    
(Sun et al., 2012) American women (5,862; 30–55) AHEI NA 
(Boccardi et al., 
2013) 

Italian adults (217; 77.9) MDS + ; + with telomerase 
activity 

(Crous-Bou et al., 
2014) 

American women (4,676; 35–55) A-MDS and AHEI + 

(Gu et al., 2015) Multi-ethnic adults (1,743; >65) MDS + only in non-Hispanic 
whites 

(García-Calzón et al., 
2016, 2015c) 

Spanish adults (520; 55–80) DII and MDS + DII 
+ MDS only in women 

(Liu et al., 2016) American women (4,780; 59.2) A-MDS + 

(Shivappa et al., 
2017) 

American adults (7,215; >19) DII + 

(Leung et al., 2018) American adults (4,758; 20–65) HEI, AHEI, MDS, DASH + only in women 
(De Meyer et al., 
2018) 

Belgian adults (2,509; 35–55) DQI and DII NA 

(Milte et al., 2018) Australian adults (676; 57–68) DGI, RFS and MDS NA 
(Meinilä et al., 2019) Finnish adults (1,046; 56–70) BSDS, A-MDS and DII – A-MDS only in women 

(Ventura Marra et al., 
2019) 

Americans adults (96, 45–64) HEI, A-MDS and DST + DST 

(Chan et al., 2020) 
 

 

Chinese adults (1,981; >65) DQI, DASH, MIND, MDS and 
Okinawa diet score 

NA 
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Table 3. Continuation. 
 Population (n; age) Dietary Pattern Association with TL 
A posteriori    
(Nettleton et al., 
2008) 

Multi-ethnic adults (840; 45–84) “Fats and processed meat” and 
“Whole grains and fruit” 

NA 

(Crous-Bou et al., 
2014) 

American women (4,676; 35–55) “Prudent” and “Western” NA 

(Lee et al., 2015) Korean adults (1,958; 40–69) “Prudent” and “Western” + “Prudent” 
(Mazidi et al., 2017) American adults (10,568; 44.1) “Fatty acids”, “Minerals and 

vitamins” and “PUFA” 
+ “Minerals and vitamins” 

(Gong et al., 2018) Chinese adults (553; 25–65) “Vegetable-rich”, “Macho*”, 
“Traditional” and “high energy-
density” 

+ “vegetable-rich” only in 
women 

(Karimi et al., 2018) Iranian men (300; 25–40) “Healthy”, “Western”, 
“Traditional” and “Vegetarian” 

NA 

(Chan et al., 2020) Chinese adults (1,981; >65) “Vegetables-fruits”, “snacks-
drinks-milk” and “meat-fish” 

NA 

NA, no association; +, direct association; –, inverse association; AHEI, Alternate Healthy Eating Index score; MDS, 
Mediterranean Diet Score; A-MDS, Alternate MDS; DII, Dietary Inflammatory Index; DASH, Dietary Approaches to Stop 
Hypertension; DQI, Diet Quality Index; DGI, Dietary Guideline Index; RFS, Recommended Food Score; BSDS, Baltic Sea 
Diet score; DST, Dietary Screening Tool; MIND, Mediterranean-DASH Intervention for Neurodegenerative Delay Diet. 
*macho dietary pattern are correlated with several kinds of animal foods and alcohols.   

 

Most of these studies have evaluated dietary patterns using an a priori approach, and concluded that a pre-defined 

Mediterranean dietary pattern has a protective effect on TL (Boccardi et al., 2013; Crous-Bou et al., 2014; Liu et al., 2016), 

and on telomerase activity (Boccardi et al., 2013). In addition, in three adult populations —including men and women— a 

greater adherence to a Mediterranean Diet was associated with longer TL only in women (García-Calzón et al., 2016; Leung 

et al., 2018) and in non-Hispanic whites (Gu et al., 2015). The Mediterranean Diet has been considered as one of the 

healthiest dietary pattern in the world (Carlos et al., 2018). In the last years, considerable attention has been paid on the 

impact of the Mediterranean Diet on DNA damage markers, especially on TL. The high content of bioactive and antioxidant 

nutrients-rich foods in this diet could exert protective effects against oxidative stress, resulting in lower DNA damage and 

improved healthy aging (Del Bo’ et al., 2019; Davinelli et al., 2019). However, the protective effect provided by this dietary 

patter on TL remains unclear (Chan et al., 2020; Meinilä et al., 2019; Milte et al., 2018; Ventura Marra et al., 2019). 

Some studies have evaluated other a priori dietary patterns, reporting positive effects on TL. In the NHANES cohort, Leung 

et al. showed that the Healthy Eating Index (HEI) and the Dietary Approaches to Stop Hypertension (DASH) were associated 

to longer TL in women (Leung et al., 2018). In contrast, no relation was found between the same indexes and TL in other 

studies (Chan et al., 2020; Sun et al., 2012; Ventura Marra et al., 2019). Two healthy diets, the Baltic Sea Diet and the 

Okinawa Diet, showed no associations with TL (Chan et al., 2020; Meinilä et al., 2019). Four studies have analyzed the 

relation between Dietary Inflammatory Index (DII) and TL. High scores in DII were related to longer TL in the NHANES 
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cohort (Shivappa et al., 2017) and in the PREDIMED study (García-Calzón et al., 2015c), whereas no association was 

reported in the HBCS study (Meinilä et al., 2019) and the ASKLEPIOS study (De Meyer et al., 2018). 

Some dietary components not included in a pre-defined score could be important when exploring the association between a 

determined dietary pattern and TL. The “Prudent” and “Western” dietary patterns have been identified in the majority of a 

posteriori approaches. The relationship of these patterns with inflammatory markers and their role in the pathogenesis of 

cardiovascular diseases have been widely studied (Lopez-Garcia et al., 2004; Wood et al., 2014), although less evidence on 

their effect on TL is available. In a Korean population followed over a period of 10 years, it was observed that higher 

adherence to a “Prudent” diet was related to longer TL, in contrast to the lack of association with the “Western” dietary 

pattern (Lee et al., 2015). Similarly, other researchers found no effect of these dietary patterns on TL (Crous-Bou et al., 2014; 

Karimi et al., 2018). In line with this findings, Gong et al. observed a positive association between a Healthy dietary pattern 

and TL in women but not in men from a Chinese cohort when the Mediterranean or Prudent dietary patterns also include tea 

consumption (Gong et al., 2018). To our knowledge, hitherto, no effect on TL related to adherence to a Mediterranean 

Dietary pattern with a posteriori approach has been identified. Current evidence regarding the influence of dietary patterns on 

TL is still scarce. Thus, further studies with larger sample sizes and randomized controlled trials are needed.     

Physical activity and sedentary lifestyle  

The attenuation of chronic inflammation and the alteration of redox status provide potential mechanisms for the possible 

protective effects of moderate PA on telomeres (Arsenis et al., 2017). In adults, several cross-sectional analyses reported 

positive linear associations between PA levels and TL. In the NHANES study —involving 1,868 adults aged more than 20 

years— higher MVPA levels were related to TL maintenance (Edwards and Loprinzi, 2017). The Nurses’ Health Study also 

reported a positive association between moderate PA and TL (Du et al., 2012). In agreement with this, another study showed 

a relationship between combined aerobic and resistance exercise and TL in postmenopausal women (Kim et al., 2012). 

Interestingly, the Berlin Aging Study described that PA was clearly associated with TL, but the effect was observed over 

longer periods of regular PA (at least 10 years), with intensive PA having the greatest impact on TL (Saßenroth et al., 2015). 

Cherckas et al. looked at the difference in TL within twin pairs with different PA levels and they observed shorter TL in less 

active subjects. Their findings suggested that a sedentary behavior had a negative effect on TL because it could accelerate the 

aging process (Cherkas et al., 2008). In contrast, others studies reported a lack of association between TL and PA (Bekaert et 

al., 2007; García-Calzón et al., 2014a; Von Känel et al., 2017; Song et al., 2010). 

Regarding to the intensity of PA, the findings are controversial. There are studies that have reported a beneficial effect of 

moderate PA compared to high intensity PA on TL, showing an inverted “U” association (Ludlow et al., 2008; Savela et al., 

2013). This could be related to oxidative stress since prolonged or intense exercise alters the contraction-induced reactive 

oxygen species production in muscle fibers (Powers et al., 2011). In fact, a recent study showed that women, but not men, in 
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the highest quartile of PA had a higher telomere attrition (Jantunen et al., 2020). Nevertheless, vigorous PA was related to 

longer telomeres in 477 healthy adults (Latifovic et al., 2016). 

In the context of obesity, several exercise interventions assessed the possible role of PA on TL (Mason et al., 2013; Shin et 

al., 2008; Sjögren et al., 2014), but just one —a 6-month program— showed significant results. In this study, a decrease in 

sitting time during weekdays was associated to longer TL in older adults with overweight (Sjögren et al., 2014). 

In pediatric population, there is limited evidence on the association between PA and TL (only two cross-sectional studies). 

An association between objectively measured by accelerometry vigorous PA and TL was found only in girls from a study on 

667 healthy adolescents (Zhu et al., 2012), whereas no relationship between self-reported PA and TL was shown in 66 

children aged 8–18 years (Lee et al., 2011).  

Impact of obesity on telomere length 

It is hypothesized that inflammation and oxidative stress related to excess body weight may modify TL and accelerate aging 

(Tam et al., 2020). Furthermore, several comorbidities associated with obesity such as diabetes (Tamura et al., 2016), 

dyslipidemia (Aulinas et al., 2015; Dei Cas et al., 2013), cardiovascular disease (Fyhrquist et al., 2013) or cancer (McNally et 

al., 2019) have been related to telomere shortening.  

In a meta-analysis of 87 observational studies including data from 146,114 individuals, the possible cross-sectional 

relationship between BMI and TL was analyzed across young, middle-aged adults and older persons. This meta-analysis 

found that a higher BMI was associated with shorter telomeres, especially in younger subjects (18–60 years old). TL 

decreased 3.99 bp (95% Confidence intervals, CI: -5.17 to -2.81 bp) and 7.67 bp (95% CI -1.03 to -5.31 bp) per unit increase 

in BMI in the total pooled sample and among young adults, respectively (Gielen et al., 2018). In addition to BMI, 

anthropometric parameters —WC, waist-height and waist-hip ratios— were evaluated in a previous meta-analysis of 63 

original studies comprising 114,439 subjects. The correlation between abdominal obesity indexes and TL showed a trend 

towards a negative association (-0.11 95% CI -0.14 to -0.08). Also, a standardized mean difference of 0.84 (95% CI 0.22 to 

1.46) was reported when TL was compared between subjects with normal weight and obesity, and the odds ratio of 1.39 for 

having short telomeres related to obesity (95% CI 1.15 to 1.69) (Mundstock et al., 2015).  

In pediatric population, there are few studies examining the association between obesity and TL (Mundstock et al., 2015). 

Shorter telomeres were observed in children with obesity compared with their lean counterparts (Al-Attas et al., 2010; 

Buxton et al., 2011; Lamprokostopoulou et al., 2019). Lee et al. found a negative association between BMI and TL, which 

was stronger among younger participants (8–30 years old) (Lee et al., 2011). Similarly, Clemente et al. observed an inverse 

association between TL and BMI-SDS, WC and skinfold thickness in children aged 6–11 years (Clemente et al., 2019). In 

contrast, no differences were found in TL when comparing children with and without obesity among Italian children 

(Zannolli et al., 2008). Moreover, a lack of association between TL and adiposity parameters were found in adolescents aged 

14–18 years (Zhu et al., 2012) and in an early childhood population (12 months-5 years) (Skilton et al., 2014).  
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To better understand whether telomere shortening is related to obesity, some studies have evaluated the role of TL as a 

predictive biomarker for childhood obesity. In a cohort of Latino children shorter TL in early childhood (4–5 years) was a 

predictor for obesity at age 9 (Kjaer et al., 2018). On the other hand, longer TL predicted positive adiposity changes —a 

higher decrease in body weight and BMI-SDS— after a multidisciplinary program in adolescents with overweight and 

obesity carried out by members of our research team (García-Calzón et al., 2014b).  

Impact of lifestyle intervention on telomere length 

Accumulating evidence demonstrates that the telomere and telomerase maintenance system play a causal role in accelerating 

biological aging and age-related diseases, especially gastric cancer, diabetes and Alzheimer’s disease as a recent review of 

systematic reviews and meta-analysis reveals on TL and health outcomes (Smith et al., 2019). A number of factors influence 

telomere shortening, including genetic, sociodemographic and environmental determinants. Healthy lifestyle habits are also 

associated with TL through underlying mechanisms such as the reduction of the inflammatory and oxidative burden of the 

organism. Because these modifiable predictors are causal factors in telomere shortening, behavioral interventions are a great 

opportunity to improve telomere maintenance and could promote telomere lengthening (Balan et al., 2018; Epel, 2012; 

Erusalimsky, 2020; Ibarra et al., 2019).   

Several longitudinal and interventional studies have examined the influence of weight loss and lifestyle programs on TL, 

respectively (Table 4). Weight gain has been directly associated with telomere attrition (Gardner et al., 2005) and shorter TL 

(Bekaert et al., 2007; Kim et al., 2009). In this line, a body weight towards healthy levels was related to longer TL (Cui et al., 

2013). Moreover, several intervention programs have evaluated the possible effect of calorie-restricted diets accompanied by 

PA advice on TL. Hovatta et al. observed longer TL in the follow-up period of a lifestyle intervention in a population with 

impaired glucose tolerance. However, no differences were observed between individually tailored dietary advice and general 

lifestyle advice group (Hovatta et al., 2012). Another lifestyle interventions including a calorie-restricted diet have reported 

lower telomere shortening according to a specific genetic variant (García-Calzón et al., 2015a) or an achieved level of weight 

loss (Mason et al., 2018). In adolescents with obesity, an integral lifestyle intervention was able to reduce telomere 

shortening after an intensive period of a multidisciplinary weight loss program (García-Calzón et al., 2014b). On the 

contrary, a 12-month randomized trial consisting on a dietary program and/or exercise training found no significant changes 

in TL in postmenopausal women with overweight and obesity (Mason et al., 2013). In two longitudinal analysis, longer 

telomeres at baseline predicted positive changes in anthropometric parameters, considering TL as a possible biomarker of 

adiposity (García-Calzón et al., 2014b; Njajou et al., 2012) (Table 4).  
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Table 4. Summary of studies assessing the effect of weight change and lifestyle intervention on telomere integrity. 

Longitudinal Participants (n; age) Time of observation Association 
(Gardner et al., 2005) American adults (70; 21–43.5) 10 years Weight gain and telomere attrition 
(Bekaert et al., 2007) Belgian adults (2,509; 35–55) Since age of 18 Fast weight gain with shorter TL 

(Kim et al., 2009) American women (608; 35–74) Since age of 30 Weight gain and cycling with 
shorter TL 

(Njajou et al., 2012) American adults (2,721; 70–79) 7 years Longer TL predict positive change 
for BMI and body fat 

(Cui et al., 2013) Chinese women (2,912; 40–70) Since age of 50 Weight maintenance (±5%) in 
normal weight, and reduction of 
BMI for overweight or obesity to 
normal weight with longer TL 

(Weischer et al., 2014) Danish adults (4,576; 20–100) 10 years NA 
(García-Calzón et al., 
2014a) 

Spanish adults at high CVD risk 
(521; 55–80) 

5 years Longer TL predict positive change 
for BMI, WC and waist to height 
ratio 

Interventional Participants (n; age) Intervention (time) Effect on TL 
(Hovatta et al., 2012) Finnish adults with impaired 

glucose tolerance (311; 56.9) 
Lifestyle intervention (4 years; 
TL measurement at 4.5 years 
of follow-up) 

↑  

(Mason et al., 2013) Asian-American postmenopausal 
women with overweight/obesity 
(439; 50–75) 

Calorie-restriction diet and/or 
exercise (12 months) 

NA 

(García-Calzón et al., 
2015a) 

Spanish adults at high CVD risk 
(521; 55–80) 

Mediterranean Lifestyle 
intervention (5 years) 

↑ in subjects carrying Ala variant of 

the PPARγ2 gene 

(García-Calzón et al., 
2014b) 

Spanish adolescents with 
overweight/obesity (74; 12–16) 

Lifestyle intervention + 
Mediterranean Calorie-
restriction diet (2 months)  

↑ 

(Mason et al., 2018) American adults with obesity 
(194; >18) 

Lifestyle intervention + 
Calorie-restriction diet (5.5 
months; TL measurement at 
12 months of follow-up)  

↑ in subjects with a weight loss 

≥10% 

NA, no association; ↑, significant difference compared to baseline.  

 

Moreover, in other intervention studies subjects were encouraged to maintain their PA levels focusing on the effect of diet-

induced weight loss. Statistically significant longer TL were observed in 12 men with obesity —despite the small sample 

size—  under high-protein or high-carbohydrate dietary program compared to baseline, without differences between the type 

of diet (O’Callaghan et al., 2009). On the other hand, after 4 weeks following a Mediterranean diet, 20 elderly subjects 

showed benefits related to DNA damage: lower intracellular reactive oxidative species, cellular apoptosis and telomere 

shortening. Also, when compared to a high content saturated fatty acid diet, and a both low-fat and high-carbohydrate diet, 

Mediterranean diet protected against DNA damage (Marin et al., 2012).  

In addition to the lifestyle programs, the ability of certain compounds to decrease oxidative stress, such as long chain omega-

3 PUFAs, has led to the determination of whether n-3 PUFAs supplementation also affects TL in specific intervention 

programs. Interestingly, supplementation with two different doses of n-3 PUFAs increased TL —which decreased in the 
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placebo group— and led to a decrease in F2-isoprostanes, a plasmatic biomarker of oxidative stress (Kiecolt-Glaser et al., 

2013). In adults with mild cognitive impairment, supplementation of either eicosapentanoic acid or docosahexanoic acid (n-3 

PUFAs) showed longer telomeres compared to linolenic acid (n-6 PUFA) after six months of intervention, with a correlation 

between erythrocyte docosahexanoic acid levels and reduced telomere shortening (O’Callaghan et al., 2014). The inclusion of 

walnuts (15% energy) —which is a source of n-3 PUFAs— in a regular diet for two years showed a trend to preserve TL 

compared to a usual diet (T. M. Freitas-Simoes et al., 2018).  

Although a number of observational studies have described associations between modifiable lifestyle behaviors and TL —

reviewed in (Arsenis et al., 2017; T. Freitas-Simoes et al., 2018, 2016)—, certain limitations must be recognized such as the 

heterogeneity of subjects, differences in study design, or in the methodology used to measure TL, among others. In spite of 

them, the results suggest that programs aim to reduce excess weight or associated comorbidities may also contribute to the 

prevention of telomere attrition and, therefore, of DNA damage. Nevertheless, more randomized controlled trials are required 

in order to confirm the effect of interventions with lifestyle changes on telomere dynamics (Erusalimsky, 2020). 

JUSTIFICATION FOR THE RESEARCH 

Current trends suggest that obesity prevalence will increase at 60% and 40% in adult men and women, respectively, and 25% 

in children by 2050 (Milano et al., 2020). Obesity is considered one of the major lifestyle diseases that lead to 

cardiometabolic risk conditions (Chatterjee et al., 2020). In this sense, a holistic view of the modifiable lifestyle factors 

related to higher obesity risk is needed in order to design successful population-based programs for excess weight gain 

prevention (De Lorenzo et al., 2020; Poorolajal et al., 2020).  

In addition, it has been suggested that obesity could be associated with shortened telomeres and consequently with an 

accelerated aging process (Tam et al., 2020). Therefore, identifying potential factors that could modulate TL dynamics will 

contribute to promote health and longevity. Since oxidative stress and inflammation processes are considered the principal 

mechanisms involved in telomere attrition, several cross-sectional studies have focused on the impact of lifestyle factors —

diet and PA— on TL (Erusalimsky, 2020). To date, few studies have addressed the role of lifestyle factors on obesity 

parameters and DNA damage markers such as TL. 
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HYPOTHESIS 

Based on the scientific evidence, on the one hand we first proposed that unhealthy lifestyle factors —poor diet quality, 

sedentary habits and low PA levels— would be associated with obesity risk in children. Moreover, an intensive lifestyle 

intervention would improve these lifestyle factors and decrease adiposity in pediatric subjects with abdominal obesity. We 

also hypothesized that favorable changes in lifestyle factors —an increase in diet quality and PA levels— or a healthy dietary 

pattern (based on Mediterranean diet) would contribute to telomere maintenance. 

GENERAL OBJECTIVE 

To investigate the effect of lifestyle factors —diet quality and PA levels— on adiposity and their potential influence on TL in 

both intervention and cross-sectional studies in Spanish pediatric and adult subjects.  

Specific objectives 

1. To identify clusters of energy balance-related behaviors and test whether the identified clusters were 

associated to overweight and obesity, in a large sample of children from the WHO European region 

(Chapter 1). 

2. To evaluate the effect of a lifestyle intervention on nutrient adequacy and lifestyle-diet quality indexes in 

pediatric subjects with abdominal obesity (Chapter 2).  

3. To examine changes in diet quality indexes and PA levels and their influence on TL after 1-year of a 

lifestyle intervention in pediatric subjects with abdominal obesity (Chapters 3 and 4).  

4. To determine dietary patterns using a priori and a posteriori analyses and to assess their association with 

TL in a cross-sectional analysis on elderly Spanish population (Chapters 5 and 6).  
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In this section we first include a description of the different populations studied in this doctoral thesis (Figure 6). In order to 

reach the objectives of this research, three populations were considered: The WHO European COSI, the IGENOI study 

(intervention study) and elderly subjects of the SUN study. Secondly, we describe in detail the methodology applied to TL 

measurements. 

 

Figure 6. Study population. WHO European COSI, Childhood Obesity Surveillance Initiative from European WHO region; 
IGENOI, Intervention of Grupo del Estudio Navarro de Obesidad Infantil; SUN, Seguimiento Universidad de Navarra. FFQ, 
Food-Frequency Questionnaire; PA, Physical Activity; TL, Telomere length. 
 

THE WHO EUROPEAN CHILDHOOD OBESITY SURVEILLANCE INITIATIVE STUDY 

The WHO European COSI is a unique population-based monitoring system designed to routinely measure trends in 

overweight and obese schoolchildren aged 6.0–9.9 years old through standardized weight and height measurements. The 

study was initiated by the WHO Regional Office for Europe in 2007, with 13 countries participating in the first COSI data 

collection round (September 2007-December 2008): Belgium, Bulgaria, Cyprus, Czech Republic, Ireland, Italy, Latvia, 
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Lithuania, Malta, Norway, Portugal, Slovenia and Sweden. In the second round (September 2009-December 2010), four new 

countries participated: Greece, Hungary, Spain and the Former Yugoslav Republic of Macedonia, while two countries 

dropped out (Bulgaria and Sweden). Albania, San Marino, Republic of Moldova, Romania and Turkey were included in the 

third round (September 2012-December 2013). Finally, a total of 37 countries comprised the fourth round (September 2015-

December 2016) with the inclusion of Austria, Croatia, Denmark, Estonia, Finland, France, Georgia, Kazakhstan, 

Montenegro, Poland, Russian Federation (Moscow), Serbia, Slovenia, Tajikistan and Turkmenistan (WHO, 2018) (Figure 7). 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Countries that have participated in the COSI study by round. Figure from the Childhood Obesity 
Surveillance Initiative: Highlights 2015-17. Source: (WHO, 2018). 

 

The COSI protocol, in accordance with the International Ethical Guidelines for Biomedical Research Involving Human 

Subjects (CIOMS and WHO, 2002), is described in detail elsewhere (WHO Regional Office for Europe, 2016, 2012; 

Wijnhoven and Branca, 2008). In some local circumstances, the protocol was approved by local ethical committees as well. 

The parents received detailed information about the study and informed consent was obtained. The child’s consent was 

obtained prior to the collection of anthropometric measurements. 

Study population 

The implementation of a uniform sampling method was difficult due to differences in school systems among countries, the 

age of children in the first class of primary school and the number of children repeating a grade. To mitigate this 

complication, age was used as the first condition for sampling procedures. Countries therefore could choose one or more of 

the following four COSI age groups: i) 6–6.9, ii) 7–7.9, iii) 8–8.9 or iv) 9–9.9 years old. In all of these countries, children 

aged 6–9 years are enrolled in primary schools; therefore, this school population is considered a representative sample of the 

total population in these age ranges. The primary schools and the classes were selected randomly from the lists available 

centrally in each country’s Ministry of Education. Public, private and special education schools were included. However, if 
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less than 1% of the target population was enrolled in private schools or special education, the country could exclude these 

schools from sampling.  

Today, the study involves more than 300,000 children from over 40 countries currently participating in the fifth round (WHO 

Regional Office for Europe, 2020). In the present study, we focused on a cross-sectional sample of 63,215 children from 19 

countries —Albania, Bulgaria, Croatia, Czech Republic, Denmark, Georgia, Ireland, Kazakhstan, Latvia, Lithuania, Malta, 

Montenegro, Poland, Portugal, Romania, Russia (Moscow), Spain, Tajikistan, and Turkmenistan— attending 4th round in 

2015/2016 (Bel-Serrat et al., 2019). 

Data collection 

Each country decided on data collection period, avoiding the first 2 weeks of a school term or immediately after a major 

holiday. The study comprises three data collection documents: two mandatory record forms, one on the child (sex, date of 

birth, urbanization grade of residence and data related to the specific conditions of anthropometric measurements), one on 

school characteristics (location and number of children examined per class) and one voluntary family record form focusing on 

dietary intake, PA, sedentary pattern of each child and socioeconomic characteristics and clinical conditions of their family. 

Habitual food group consumption questions have not been validated for the estimation of total intakes of energy or nutrients, 

but are suitable for evaluating dietary patterns based on frequencies. The qualitative questionnaire comprises eight items 

related to food consumption frequencies: i) fresh fruit, ii) 100 % fruit juice, iii) vegetables (excluding potatoes), iv) soft 

drinks containing sugar, v) foods like potato chips (crisps), corn chips, popcorn or peanuts, vi) foods like candy bars or 

chocolate, vii) foods like biscuits, cakes, doughnuts or pies, and viii) foods like pizza, French fries (chips), hamburgers, 

sausages or meat pies.  

Information on PA and sedentary behavior were collected separately for weekdays and weekend days through two simple 

questions “In his/her free time, about how many hours per day is your child usually playing actively/vigorously (e.g. running, 

jumping outside or moving and fitness games inside)?” and “outside school lessons, how much does your child usually spend 

watching TV or using electronic devices such as computer, tablet, smartphone or other electronic device (not including 

moving or fitness games), either at home or outside home (e.g. Internet cafes, game centers, etc.)?”. 

The child’s parents reported their level of education according the following stratification: primary school, secondary school 

or vocational school, undergraduate or bachelor’s degree and master’s degree or higher.  

Measurements were carried out according to the WHO standardized protocol for weight, height and WC by trained 

fieldworkers. All researchers attended a training session in anthropometric procedures and data collection. All countries are 

required to use the same calibrated anthropometric instruments in a separate and quiet room of each school. A checklist was 

used to describe clothes worn by the child when he or she was measured in order to adjust the final weight. 
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THE IGENOI STUDY  

The Intervention of Grupo del Estudio Navarro de Obesidad Infantil (IGENOI) is a randomized controlled trial 

(ClinicalTrials.gov, Identifier: NCT03147261) carried out from January 2015 to January 2019 in Pamplona, Spain. It is a 

two-year family-based lifestyle intervention study in children and adolescents with abdominal obesity, designed to 

understand the effect of lifestyle change and biological factors on genetic and epigenetic factors involved in obesity 

development. The study followed the ethical standards recognized in the Declaration of Helsinki (Fortaleza, Brazil, October 

2013), and was approved and supervised by the Human Research Ethics Committee of the University of Navarra (reference 

number 044/2014). All participants and their parents or legal guardians provided written informed consent.  

Study population 

Children and adolescents aged 7 to 16 years, with abdominal obesity defined as a WC above the 90th percentile according to 

national reference data (Serra-Majem et al., 2000) were invited to participate. Subjects were recruited from the Pediatric 

Endocrinology Units at both Clínica Universidad de Navarra and Complejo Hospitalario de Navarra, and primary health 

care centers in Pamplona. The inclusion and exclusion criteria are detailed in Table 5.  

Table 5. Inclusion and exclusion criteria of IGENOI study. 

Inclusion Criteria 

Aged 7–16 years old 

Waist circumference >90th percentile 

Availability to attend the visits 

Compliant with allocation to any of the studied groups 

Committed to follow the protocol   

Exclusion Criteria 

Eating disorders or psychiatric disease 

Previous diabetes or presence of any other disease 

Pharmacological treatment 

Food allergies or intolerances 

Regular alcohol consumption 

Following special diets 

No access to phone calls or emails 

 

A total of 126 children and adolescents agreed to participate and five of them did not meet the inclusion criteria, resulting in a 

total of 121 participants who were randomized to the two arms of the study —usual care and intervention group— following 

a 1:3 ratio. This difference in the size of both groups is based on the fact that the efforts and resources needed would be 

different in each group, and high number of subjects could benefit from the intensive intervention. The study comprised two 

phases: an intensive phase, corresponding to the first two months, and a follow-up of 22 months (data collection at 0, 2, 12 

and 24 months from baseline). The intensive phase was successfully completed by 114 participants (5.8% drop-out rate), of 
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whom 92 reached 12 months (24% drop-out rate) and 61 finished the 2-year lifestyle intervention (49.6% drop-out rate). The 

main reasons for drop-out were lack of motivation, time incompatibility, social problems or a change in contact details.  

Lifestyle intervention  

A multidisciplinary team composed of dietitians, pediatricians, PA experts and nurses carried out the lifestyle intervention in 

two phases: an intensive phase (2 months) and a follow-up period of 22 months (Figure 8).  

In the intensive phase, the usual care subjects received pediatric recommendations for a healthy diet based on the national 

guidelines of the Spanish Society of Community Nutrition (Aranceta Batrina et al., 2015) in one 30-min individual session 

with the dietitian, and 5 monitoring visits to evaluate anthropometric measurements with the research team.  

In contrast, intervention subjects were advised to follow a moderately hypocaloric Mediterranean Diet. The dietary plan is 

detailed in Table 6. Intervention subjects received six 30-min individual sessions to both assess and address possible 

problems with dietary compliance along with anthropometric evaluation. In addition, the subjects and their parents attended a 

parallel group session in the third week.  

 

Table 6. Description of the dietary plan applied in intervention subjects.  

Total energy expenditure Basal metabolism (Schofield, 1985) assuming a PA factor 

(1.3) 

Calorie restriction according to BMI-SDS (Marqués et al., 2012) % of energy restriction of total daily energy expenditure 

+1 SDS 

+2 SDS 

+3 SDS 

˃+4 SDS 

-10% 

-20% 

-30% 

-40% 

Total daily energy distribution (Serra-Majem, 2011) % of total energy 

Breakfast 

Morning snack 

Lunch  

Afternoon snack  

Dinner  

20% 

5-10% 

30–35% 

10–15% 

20–25% 

Well-balanced distribution of macronutrients (Serra-Majem, 2011) % of total energy 

Carbohydrates 

Fat  

Proteins  

55% 

30% 

15% 

Energy-adjusted full-day menu based on Mediterranean Pattern 

(Willett et al., 1995) 

 

High consumption 

 

Moderate consumption 

Low consumption 

Fruit, vegetables, whole grains, legumes, nuts, seeds and 

olive oil and minimally processed foods 

Dairy products, fish and poultry 

Red meat 
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In the follow-up period (22 months), all participants had 8 monitoring visits at 3, 4, 5, 6, 9, 12, 18 and 24 months from 

baseline, in which anthropometric and dietary assessment were performed. Additionally, intervention subjects and their 

families received specific nutritional and behavioral education in those visits (Figure 8). 

 

 

 

 

 

 

 

 

 

 

 
 

 
Figure 8. Flowchart of 2-year family-based lifestyle intervention. Participants randomized to usual care and the 
intervention group following a 1:3 ratio. Discontinuous bars correspond to data collection visits; red bars correspond to the 
intensive phase of the lifestyle intervention (first 2 months). 

Data collection  

Anthropometric measurements and blood pressure were measured by clinical professionals following standardized protocols 

at each visit. The subjects were barefoot and wearing light clothes.  

To collect dietary data, a semi-quantitative 136-item Food-Frequency Questionnaire (FFQ) validated (Martin-Moreno et al., 

1993) and re-evaluated  in Spanish adult (Fernández-Ballart et al., 2010; De La Fuente-Arrillaga et al., 2010) and pediatric 

populations (González-Gross et al., 2003; De Miguel-Etayo et al., 2018; Ortiz-Marrón et al., 2016; Rendo-Urteaga et al., 

2014) was used by trained dietitians. After a literature search, Total Diet Quality for Adolescents (DQI-A), Healthy Lifestyle 

Diet-Index (HLD-I) and Mediterranean Diet Quality Index (KIDMED) were used to evaluate total diet quality. DQI-A have 

been previously validated in a large European population of adolescents (including data from Spain). The analysis of the 

quality, diversity and equilibrium of the diet showed satisfactory validity related to food, nutrient intake and nutritional 

biomarkers (Vyncke et al., 2013). HLD-I was validated in children from a Mediterranean country —Greece— and indicated a 

good evaluation of adherence to international dietary and lifestyle guidelines. Furthermore, lower scores on this index were 

associated with higher prevalence of insulin resistance, one of the main risk factors of the IGENOI population (Manios et al., 

2010). At each data collection visit (0, 2, 12 and 24 months), the children and their parents answered the KIDMED 
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questionnaire, the most widely used score to evaluated adherence to the Mediterranean dietary pattern in children and 

adolescents, which is directly associated with lifestyle factors (Serra-Majem et al., 2004).  

PA was objectively assessed with an accelerometer (Actigraph wGT3X-BT) during four consecutive days, including 2 

weekdays and 2 weekend days. Participants and their parents were taught to wear the accelerometer around the non-dominant 

waist and to remove it for water-related activities.  

Overnight fasting venous blood samples were collected in two 5 ml EDTA tubes by trained nurses at the hospital. Blood 

samples were centrifuged for 15 minutes at 2,205 relative centrifugal force at 4ºC within 30 minutes of blood collection. 

Subsequently, aliquots of plasma and buffy coat —comprising white blood cells and platelets— were carefully separated and 

frozen at -80ºC for subsequent analysis.  

 

THE SUN PROJECT   

The SUN project (Seguimiento Universidad de Navarra, University of Navarra Follow-up) is a prospective and dynamic 

cohort of Spanish university graduates, designed to establish the association between diet and lifestyle and the occurrence of 

chronic diseases (ClinicalTrials.gov, Identifier: NCT02669602). Prior to the recruitment of participants, a pilot study was 

conducted to assess the variability of the cohort. In this study, variability in the consumption of foods characteristic of the 

Mediterranean diet and high exposure to Mediterranean diet foods was confirmed to detect diet-pathology associations 

(Sánchez-Villegas et al., 2002). Recruitment has been open since December 1999 and participants have been continually 

followed-up using a biennial mailed questionnaire. The study protocol was approved by the research ethics committee of the 

University of Navarra, and the response to the baseline questionnaire was considered equivalent to the informed consent of 

each volunteer to participate in the study.   

Study population 

In the present study we analyzed a subsample of the cohort: all participants over 55 years old (1,921 subjects) at the baseline 

questionnaire were invited to participate in a sub-study focused on cognitive impairment. In May 2008, letters of participation 

including informed consent and the kit to collect saliva samples were sent. 1,085 subjects confirmed participation, but only 

986 kits were received. Additionally, DNA extraction from 33 saliva samples was insufficient and 67 participants were 

excluded because they reported total energy intake outside of the Willet predefined limits (Willett, 1998), which resulted in a 

final sample size of 886 subjects.  

Data collection 

The baseline questionnaire collected subjects’ clinical history, social characteristics, daily habits, lifestyle and anthropometric 

measurements. Self-reported anthropometric variables (Bes-Rastrollo et al., 2005) and PA information (Martínez-González et 

al., 2005) showed high correlation with objectively measured data. Details of the design and methods of this cohort have been 

published elsewhere (Carlos et al., 2018). 
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Dietary habits at baseline were assessed using a semi-quantitative 136-item FFQ repeatedly validated which assessed food 

habits in the previous year (Fernández-Ballart et al., 2010; De La Fuente-Arrillaga et al., 2010; Martin-Moreno et al., 1993). 

The validation compared nutrient intake collected using the questionnaire with four different 4-day food records, at 3-month 

intervals during 1 year. This validation showed correlation coefficients between a minimum of 0.45 for vitamin A and a 

maximum of 0.9 for alcohol consumption. A low misclassification was found, only 3% of participants classified in the 

highest or lowest quintile by the 4-day food record were assigned to the lowest or highest quintile by the FFQ (Martin-

Moreno et al., 1993). Later, the questionnaire was administered twice to assess reproducibility at 1 year and four 3-day food 

records were used to evaluate relative validity of the FFQ in an elderly population. The intra-class correlation coefficient 

ranged from 0.63 to 0.90 for reproducibility and from 0.40 to 0.84 for validity (Fernández-Ballart et al., 2010). Finally, De La 

Fuente-Arrillaga et al. found that the reproducibility of the FFQ is also acceptable for participants who answered to the FFQ 

twice with less than 1 year apart (De La Fuente-Arrillaga et al., 2010).  

This questionnaire had the following 9 possible response categories: never/almost never, 1–3 servings/month, 1 

servings/week, 2–4 servings/week, 5–6 servings/week, 1 servings/day, 2–3 servings/day, 4–6 servings/day and >6 

servings/day. Moreover, standard portion sizes were specified. Nutrient intake was calculated by multiplying the frequency of 

consumption by the nutrient content of the specified portion, using data from Spanish food composition tables (Mataix, 2003; 

Moreiras, 2003). 

Five evidence-based dietary indexes were used to provide information about diet quality in the context of nutrition transitions 

by PDQS (Fung et al., 2018), the quality of fats by FQI (Zazpe et al., 2014), the adherence to a Mediterranean pattern by 

MEDAS (Schroder et al., 2011), the adherence to a dietary pattern with positive effect on blood pressure by DASH (Fung et 

al., 2010) and the consumption of foods and nutrients associated with lower risk of chronic disease by AHEI-2010 (Chiuve et 

al., 2012). In the SUN cohort, FQI was associated with cardiovascular disease (Santiago et al., 2018), MEDAS and AHEI-

2010 with incident depression (Sánchez-Villegas et al., 2015), and DASH with MetS (Pimenta et al., 2015). In the 

PREDIMED study (carried out in the same department as the SUN project) these indexes have been also related to obesity 

indexes —MEDAS— (Martínez-González et al., 2012), obesity prevalence —MEDAS and AHEI-2010— (Alvarez-Alvarez 

et al., 2020) and cardiovascular risk factors —MEDAS and PDQS— (Alvarez-Alvarez et al., 2020). 

In order to obtain saliva samples from the participants, a kit designed for saliva collection (Oragene®DNA SelfCollector kit-

OG250) was sent by post to each participant. The kit is designed to be stored at room temperature for years or indefinitely if 

stored between 15ºC and 20ºC due to a DNA stabilizer, the Oragene•DNA solution, released by rotating the lid to close the 

kit. 
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TELOMERE LENGTH MEASUREMENT  

DNA extraction 

Genomic DNA was extracted from buffy coat of the children’s blood samples (IGENOI study), and from saliva samples of 

the elderly population (SUN project) using commercially available kits (Master Pure DNA purification kit for Blood cat and 

prepIT®•L2P, respectively). 

A UV-visible spectrophotometer (NanoDrop Spectrophotometer ND-1000) was used to quantify the extracted DNA by 

measuring absorbance at 260 nm. The quality of the DNA samples was reflected in the ratio of the absorbance obtained at 

260 nm/280 nm, which should be within a range of 1.7 to 1.9 indicating high purity of DNA. For the TL analysis, samples 

were diluted to 10 ng/µL using ultrapure water. 

Monochrome Multiplex Real-Time Quantitative Polymerase Chain Reaction 

The Polymerase Chain Reaction (PCR) —a revolutionary technique of Molecular Biology developed by Kary Mullis in 1986 

(Mullis et al., 1986)— allows a billion-fold amplification of a target DNA sequence using the ability of DNA polymerase to 

replicate DNA strands. The technique consists of three fundamental steps per replication cycle (Figure 9). This requires a 

DNA template, specific primers to add the first nucleotide to the preexisting 3’ –OH group, dNTPs, a suitable reaction buffer, 

and a thermostable DNA polymerase. 

 

 

 

 

 

 

Figure 9. Overview of the Polymerase Chain Reaction steps: 1) Denaturation at 95 ºC to break the strands. 2) Annealing at 
50-60 ºC to allow annealing of the primers to each of the single-stranded DNA templates. 3) Elongation at 72 ºC to allow the 
activity for the DNA polymerase and addition of dNTPS. 
 

The quantitative real time PCR simultaneously amplifies and quantifies the product of DNA amplification. A fluorochrome is 

added to the mixture used in conventional PCR, in our case SYBR Green. The fluorochrome binds to generated double 

stranded DNA, which produces a fluorescence signal detected by the thermal cycler. The amount of product is directly related 

to the fluorescence emitted by fluorochrome excitation under the appropriate wavelength. The simultaneity and proximity of 

the real time PCR is due to measurements performed after each amplification cycle. 

A Monochrome Multiplex real-time Quantitative PCR (MMqPCR) was used to analyze TL according to the method of 

Cawthon (Cawthon, 2009), in which telomere sequence and a single-copy gene (in our study, the gene albumin was selected) 

are amplified within the same reaction at the same experiment. As target and reference DNA were measured in the same 
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reaction, variability and cost were reduced, and the efficiency increased. In addition, the correlation of the Southern Blot 

“gold standard” method with this multiplex method (R2= 0.844) was higher than the singleplex method (R2= 0.677) 

(Cawthon, 2009). 

Since telomeres consist of repeated TTAGGG sequences, the formation of primer dimer-derived products in the amplification 

with oligonucleotide primers was expected. To eliminate this problem, telomere primers (TELg and TELc) were slightly 

modified preventing amplification of primer dimers and allowing the specific amplification of telomere sequences (Figure 

10). In the first cycle, only the TELg primer is able to hybridize and amplify telomere. Although TELc may partially 

hybridize with telomere, the polymerase is not able to catalyze the reaction due to its 3’ terminal mismatch. The potential 

mismatched dimer is not amplified by the polymerase by the same reason. In cycle 2 and later, the TELc primer is able to 

hybridize adequately with the TELg primer extended product, and then the polymerase catalyzes the synthesis reaction.  

                                               
 
Figure 10. Design of the telomere primer pair and strategy for the generation of telomere amplicon. Adapted from: 
(Cawthon, 2009). 
 

Elegantly, this method measures telomere and single-copy gen amplification independently due to differences in melting 

temperature of generated amplicons. Primers were designed to allow the albumin amplicon melt at a much higher temperature 

than the telomere amplicon by adding noncomplementary GC clamps to each single-copy primer (Table 7) (Pejenaute and 

Zalba Goñi, 2017). 
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Table 7. Characteristics of the primers designed for telomere quantification.  

Name Size (bp) Tm Sequence 

TELg 40 79.8 5´-ACACTAAGGTTTGGGTTTGGGTTTGGGTTTGGGTTAGTGT-3´ 

TELc 42 75.9 5´-TGTTAGGTATCCCTATCCCTATCCCTATCCCTATCCCTAACA-3´ 

ALBu 48 72.1 5´-CGGCGGCGGGCGGCGCGGGCTGGGCGGAAATGCTGCACAGAATCCTTG-3’ 

ALBd 47 73.9 5´-GCCCGGCCCGCCGCGCCCGTCCCGCCGGAAAAGCATGGTCGCCTGTT-3´ 

Bold nucleotides indicate noncomplementary GC clamps. Bp, base pairs; Tm, melting temperature. Primers from Sigma 
Aldrich, St. Louis, MO, USA; purified by high-performance liquid chromatography. 
 

The telomere primers TELg and TELc were combined with albumin primers ALBu and ALBd in a final concentration of 900 

nM. The commercial kit QuantiTect SYBR Green PCR kit (Qiagen, Valencia, CA, USA) was used as master mix. It includes 

a HotStartTaq DNA polymerase, which is inactive to prevent the formation of non-specific products and dimers during the 

initial phase of denaturation (15 min at 95ºC is needed to activate the enzyme); Quantitect SYBR Green PCR Buffer, a 

balanced combination of NH4
+ and K+ ions to ensure reliable PCR results; dNTP mix, which includes dUTP to allow optional 

treatment of Uracil-N-glycosyladen eliminating contamination of PCR products; and two fluorescent markers, SYBR Green I 

for a highly sensitive quantification and ROX dyes for normalization of fluorescence signals. The total reaction volume was 

10 µL, containing 2 µL of genomic DNA (10 ng/µL), 5 µL of master mix, 0.9 µL of telomere primer pairs, 0.9 µL albumin 

primer pairs and 1.2 µL ultra-pure water. The MMqPCR was performed in clear high-throughput 384-well plates in a 

CFX384 Touch Real-Time PCR system (BioRad, CA, USA), following the thermal cycling profile described in Figure 11.  

 

 

 

 

 

 

 

 

 

 
 
 
Figure 11. Amplification protocol divided into 4 programs. In each cycle we performed two recordings. The first one is at 
74ºC, in which we can quantify the amplification of both telomere and single-copy gen. Given that the amount of albumin is 
almost undetectable compared to that of telomeres, we assumed that this value was due completely to telomere amplicons. 
Then, we increased the temperature until 86ºC. With this strategy we get melted completely the telomere amplicon while the 
albumin amplicon is preserved, due to the high content of GC included in the additional camps of its primers. Thus, at 88ºC 
we obtained only the signal due to albumin amplification. Adapted from: (Pejenaute and Zalba Goñi, 2017). 
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For quality control, all samples were run in triplicate and were rerun when a variation >10% was observed. In the IGENOI 

study, samples corresponding to three time points of telomere measurements (0, 2 and 12 months) for each subject were run 

on the same plate. In each plate, a proportion of participants similar to the ratio of the study —1 usual care per 3 intervention 

subjects— were followed. The intra-assay and inter-assay coefficients of variation (CV) were calculated to measure the 

variance between triplicates within an assay and assay-to-assay consistency, respectively. The intra-assay CV were 8.52% 

and 13.22%, and the inter-assay CV were 13.66% and 11.76% in the IGENOI study and SUN project, respectively. For 

relative quantification, a calibration curve of reference DNA samples using a 2-fold dilution series of DNA (7 points ranging 

from 150 to 2.34 ng/µL) was included in each plate. Standard curves with a linearity R2 > 0.98 were accepted. 

Analysis of the data obtained after the amplification was carried out using the thermal cycler software (CFX ManagerTM 

Software, Security Edition) that records the increase in fluorescence with each cycle, which is reflected in the reaction 

kinetics (Figure 12A). The cycle during a fluorescent signal significantly above the background fluorescence is known as the 

threshold cycle (Ct). An early Ct indicates a greater amount of substrate. The relative quantification was obtained from the 

calibration curve performed with the Ct and the logarithm of each 7 standard concentrations (Figure 12B). The identification 

of amplified DNA was verified with the dissociation curve, based on the different melting temperature (Tm) of each 

amplified fragment, around 81ºC for telomere amplicon, and around 91ºC for the albumin amplicon (Figure 12C). As we 

illustrated in the thermal cycling profile, the melting program consisted of ramping 0.2ºC/second from 45ºC to 95ºC. 

Finally, the amount of telomere and albumin for each sample was extrapolated from the calibration curve for each gene, and 

the antilogarithm data. The relative TL was determined as T/S ratio (telomere to single-copy gene, albumin).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12. Characteristics of the MMqPCR technique. A) Kinetics reaction (cycles vs. fluorescence). At the beginning of 
the reaction no signal is detected and as the cycles increase there is an exponential increase in the DNA concentration of each 
sample. At higher initial concentration of the samples, the earlier the signal will appear. B) The calibration curve obtained 
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from the Cq values and the logarithm of the concentration of each point defined by a linear regression. Correlation coefficient 
(R2) obtained is considered quality when the value is greater than 0.98. C) Dissociation curve to check the specificity of the 
amplified fragments. The x-axis represents the increase in fluorescence as a function of time, and the y-axis shows the 
degrees to which the amplified products dissociate. 
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Abstract: It is unclear how dietary, physical activity and sedentary behaviors co-occur in sc11ool
aged children. We investigated the clustering of energy balance-related behaviors and whether the 
identified clusters were associated with weight status. Participants were 6- to 9-year-old children (n 
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= 63,215, 49.9% girls) from 19 countries participating in the fourth round (2015/2017) of the World 
Health Organization (WHO) European Childhood Obesity Surveillance Initiative. Energy baJance
related behaviors were parentally reported. Weight and height were objectively measured. We 
performed cluster analysis separately per group of countries (North Europe, East Europe, South 
Europe/Mediterranean countries and West-CentraJ Asia). Seven clusters were identified in each 
group. Healthier dusters were common across groups. The pattem of distribution of healthy and 
unhealthy behaviors within each cluster was group specific. Associations between the clustering of 
energy balance-related behaviors and weight status varied per group. In South 
Europe/Mediterranean countries and East Europe, alJ or most of the cluster solutions were 
associated with higher risk of overweight/obesity when compared with the cluster 'Physically active 
and healthy diet'. Few or no associations were observed in North Europe and West-Central Asia, 
respectively. These fi.ndings support the hypothesis that unfavorable weight status is associated 
with a particular combination of energy balance-related behavior patterns, but only in sorne groups 
of countries. 

Keywords: cluster analysis; energy balance-related behaviors; physical activity; sedentary behavior; 
screen time; dietary intake; overweight; obesity; children 

l. Introduction 

Childhood obesity is one of the most serious public heal th problems of the 21" century [1). 
Evidence from a major epidemiological study which evaluated worldwide trends of weight status 
from 1975 to 2016 revealed that obesity in children has multiplied eightfold in the last 40 years, with 
a plateauing of body mass index (BMJ) in high-income countries [2). Obesity is a major risk factor of 
multi factorial e tiology. Modifiable factors such as dietary patterns, physical activity and sedentary 
behaviors play a key role in energy imbalance leading to overweight and obesity in child ren [3). 

Low fruit and vegetable (F&V) in take [4,5), consumption of high energy-dense/nutrient-poor 
foods [6,7), low physical activity (PA) levels and high sedentary time [8,9) have individually been 
associated with childhood overweight and obesity in a large number of studies; however, their effects 
on children's lifestyles are multivariable and interrelated [10). Previous studies have investigated the 
clustering of energy balance-related behaviors (EBRB) and its association with childhood obesity to 
gain sorne understand ing about the potential interplay among different behavior pattems [11- 18]. 
Healthy and unhealthy behaviors seem to co-exis t in the same groups of children in complex ways 
that are not well understood [10]. For instance, it has been shown that isolated unhealthy behaviors 
may not be related to higher obesity risk when they are compensated with healthy behaviors [15). 
However, evidence on the associations between behavior cluster patterns and overweight and 
obesity remains inconclusive [10). While sorne studies have reported higher obesity risk in unheal thy 
clusters [11,13,14,18], other studies have found no association at ali [15,16). 

Evaluating the synerget ic effect instead of the individual effects of EBRB will help researchers, 
health professionals and po licy makers to un derstand which behaviors need to be approached 
simultaneously. This may be helpful to identify and to promote a healthy lifestyle as well as to assist 
in the development of successful obesity prevention programs. Therefore, this study aimed to 
identify clusters of EBRB based on dietary pattems, PA and sedentary behaviors, and to investigate 
their association with obesity, including overweight, in a large sample of children in the World Health 
Organization (WHO) European region. To date, no studies have addressed these associations in 
nationally representative samples of primary school children from such a large geograph ical area 
including 19 countries spread across Europe and Asia. 

2. Materials and Methods 

2.1. World Health Organization (WHO) European Childhood Obesity Surveillance lnitiative (COSO 
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The WHO European Childhood Obesity Surveillance lnitiative (COSI) is a collaborative study 
that was initiated in 2008 by the WHO Regional Office for Europe with 13 member states. Currently, 
COSI is carried out in 37 European countries that co-operate in relation to survey content, 
methodology and timing using a common European protocol [1 9-21 J. The study routinely measures 
overweight and obesity prevalence of primary schoolchildren aged 6 to 9 years old to monitor the 
progress of the obesity epidemic in this population group, allow between-country comparisons 
within the WH O European Region and inform action to reverse the trend [22]. The COSI is a unique 
system that provides a large dataset based on nationally representative sam ples and standardized 
weight and height measurements. A total of four rounds have been conducted to date: Round 1 in 
2008, Round 2 in 2009/2010, Round 3 in 2012/2013, and Round 4 in 2015/2017. 

In addition to the mandatory anthropometric examinations, data on simple indicators of dietary 
intake, physical activity, screen time use and parental education, amongst others, are coLlected 
through an optional family questionnaire [23]. The present study focuses on children from 19 
countries (Albania, Bulgaria, Croatia, Czech Republic, Denmark, Georgia, lreland, Kazakhstan, 
Latvia, Lithuania, Malta, Montenegro, Poland, Portugal, Romania, Russia (only Moscow), Spain, 
Tajikistan, and Turkmenistan) who participated in the study in Round 4 (2015/2017) and who had 
complete information on age, sex, weight, and height and had completed the family questionnaire. 

The COSJ study is conducted according to the guidel ines laid down in the Dedaration of 
Helsinki and ali procedures involving human subjects were approved by the local ethics committee 
ateach study site. Parents were fully informed about the study procedures. In sorne countries, parents 
had to provide written signed consent to allow their children to participate in the study (opt-in 
consent approach) whereas other countries adopted the opt-out consent approach. On the 
measurement day, verbal consent from the child to participate in the study was obtained. 

Countries chose the most appropriate professionals to take the anthropometric measurements 
(e.g. physicaJ education teachers, nationally- or regional ly-based health professionals such as 
nutritionists, physicians, health care nurses, etc.) based on the local arrangements and available 
budgets. Paper and online versions of the family questionnaire were available for completion to 
collect information on the child's EBRB an d household sociodemographic characteristics. The paper 
version was either presented to the parent and child during the measurements, sent home with the 
child, mailed directly to the household, or filled out during parents' meetings in the school. Parents 
were emailed the link to fill in the online version and completed the questionnaire jointly with their 
child. More details about the implementation characteristics of COSI rounds can be found elsewhere 
[23,24]. 

2.2. Sampling of Children 

Main characteristics of study design including the sampling strategy, targeted age range, sample 
size and participation rates within each country are presented as Supplementary Material in Table 
Sl. Two-stage cluster sampling was applied in most of the countries with the school as primary 
sampling unit and school classes as the secondary sampling unit to draw nationally representative 
samples of children. Poland and Bulgaria applied four-stage (region, sub-region, school, dass), and 
three-stage (school, class, 7-year-old child ren) cluster sampling, respectively, while one-stage cluster 
sampling was adopted by Croatia (samp ling uni t=class), Denmark and Latvia (school for both). 
Primary schools/classes were selected randomly from the list of ali primary schools available in each 
country through the ministry of education or at the national school registry. Bulgaria, lreland and 
Lithuania followed a sentinel approach; therefore, the same schools measured in previous rounds 
were included and classes were randomly selected at each sentinel si te. Lithuania followed a sentinel 
approach combined with the selection of new schools by region and by degree of urbaniza tion. As 
an exception, the primary sampling unit in Czech Republic was composed of pediatric clinics which 
were randomly selected from the national list of primary care pediatricians fo llowing a cluster 
sampling design stratified by region and size of residential location. As for other countries, 11 of them 
stratified their sample: many considered a geographical or administrative division of the national 
territory (9 countries) and, to a lesser extent, the degree of urbanization of the child's place of 
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residence or school location (4 countries). No specific sampling strategy was used in Malta as ali 7-
year-old children in the country were included in the study. 

C051 targets children aged 6, 7, 8 and 9 years and countries can focus on one or more of these 
four age groups [21]. 5pain targeted children aged 6 to 9 years old, Albania, Croaba, and Poland 
targeted 8-year-old children, Romanía measured children aged 8 and 9 years, Kazakhstan only 
included those aged 9 years, and the 13 remaining countries targeted 7-year-old children. One class 
per school was drawn within a grade leve! when the targeted age group was in the sarne grade. On 
the other hand, ali grades where children from this age group were present could be sampled if the 
targeted age group was spread across grades. Ali children registered in the sampled classes were 
invited to take part in the study and those who returned a signed parental consent (opt-in consent 
approach) or did not refuse to take part in the study (opt-out consent approach) and were present on 
the survey day were examined and received the family quesbonnaire. Further details about the 
sampling characteristics have been described elsewhere [23,24]. 

2.3. Measurements 

2.3.1. Anthropometry 

Weight and height measurements were carried out by trained fieldworkers following a 
standardized protocol on anthropometric procedures and data collection drawn up by the WHO [21]. 
Information on children's age and sex was also collected. Children were asked to wear normal, light, 
indoor clothing and remove their shoes. Body weight was measured in kilograms, to the nearest 0.1 
kg, with portable electronic (digital) scales and was adjusted for the weight of the clothes worn. 
Children's height was measured in centimeters with stadiometers and the reading taken to the last 
completed 0.1 cm. Body mass index (BMI) was calculated from the formula: weight (kg) divided by 
height squared (m2) . The specific equipment used in each country can be found as 5upplementary 
Material (Table 52). The 2007 WHO BMI-for-age (BMI/ A) growth charts were used to compute BMI/A 
z-scores. Children were classified into two weight status categories: underweight/healthy weight and 
overweight/obese according to the WHO 2007 [25] and the Internabonal Obesity Task Force [26,27] 
and the sex- and age-specific cut-offs. 

2.3.2. Energy Balanced-Related Behaviors 

The specific quesbons asked on the EBRB through the family questionnaire are shown as 
5upplementary Material - Table 53. 

Physical Activity 

The number of hours per day the child played actively/vigorously (e.g. running, jumping 
outside or moving and fitness games indoors) in their free time was assessed for both weekdays and 
weekend days. Numeric answers were assigned to the five answer categories available in the form to 
convert the variables to a numerical scale: 'never' = O; '<1 hour/day' = 0.5; '1 hour/day' = 1; '2 
hours/day' = 2; '2'.3 hours/day' = 3. The average hours per day playing actively was computed as 
[(week days x 5) + (weekend days x 2)]/7. 

5creen Time 

Usual screen time was described in ali countries by the time (hours/day) spent watching 
television (TV) and/or videos or using electronic devices such as computer, tablet, smartphone or 
other electronic devices (excluding moving or fitness games) either at home or outside home. 
Responses were provided separately for weekdays and weekend days. In lreland, Lithuania and 
5pain, responses included five categories split into weekdays and weekend days. These categories 
were converted to a numerical scale: 'never' =O; '<1hour/day'=0.5; '1 hour/day' = l; '2 hours/day' = 
2; '2'.3 hours/day' = 3. Usual screen time (hours/day) was computed as [(week days x 5) +(weekend 
days x 2)]/7. 
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Fruit, Vegetable and Sugared Soft Drinks lntake 

Fruit, vegetable and sugared soft drinks (SSD) intake during a normal week was obtained 
through a qualitative food frequency questionnaire. Responses induded four frequency categories of 
consumption: 'never /<once a week', 'sorne days (1-3 days)', 'most days (4-6 days)', 'every day'. 
Frequencies were converted into times per week ranging from O to 7. Fruit and vegetable responses 
were grouped into one group. 

2.3.3. Parental Education Leve! 

Data was collected separately for the mother and the father using five answer options and 
regrouped into four categories: ' primary school', 'secondary school/vocational school', 
' undergraduate/Bachelor's degree', and 'Master's degree or higher' . One of the parents reported the 
education leve] of both parents. The highest level of education attained in the household by either 
the mother or the father was used for adjustment in multivariable models. 

2.4. Statistical Analysis 

Following data cleaning, which was performed locally by each country, ali country datasets 
were reviewed in a standard manner for inconsistencies and incompleteness at the WHO Regional 
Office for Europe before being merged for the intercountry analyses. Children younger than 6 years 
(n = 6) and older than 9 years (n = 723) as well as children with biologically implausible BMI/A z
scores below -5 or above +5 z-scores (n = 124) were excluded from the analyses, as recommended by 
the WHO (28). 

Cluster analyses were performed using the statistical software SPSS version 24.0 (SPSS lnc., IBM 
Corp., Armonk, NY, USA). Countries were grouped into four groups according to their geographical 
location and/or cultural similarities as follows: North Europe (Denmark and Ireland), East Europe 
(Albania, Bulgaria, Czech Republic, Lithuania, Latvia, Montenegro, Poland, Romania and Russia), 
South Europe/Mediterranean countries (Croatia, Malta, Portugal and Spain) and West-Central Asia 
(Georgia, Kazakhstan, Tajikistan and Turkmenistan). Clusters were computed specifically for each of 
the four groups. PA, screen time, F&V and SSD intake were the four EBRB indicators included in the 
analyses. Variables were standardized prior to data analyses given the variation in means, variances 
and units among them [29]. 

Cluster analysis was carried out in two steps applying a combination of hierarchical and non
hierarchical clustering methods [30]. Ward's method based on Euclidean distances (31] was applied 
in the first step as hierarchical cluster analysis. The high sensitivity of Ward's method to outliers was 
reduced by removing univariate outliers (z-values > ±3 standard deviation (SO)) and multivariate 
outliers (those with high values of the Mahalanobis distance) for any of the four variables tested (n = 

383). ln the second step, an iterative on-hierarchical K-means clustering procedure was carried out. 
Initial cluster centers based on Ward's hierarchical method were used as non-random starting points. 

The third step consisted of testing the stability of the cluster solutions. The sample was randomly 
split into two sub-samples and the clustering procedure was repeated. The agreement between the 
main sample and two sub-samples was compared with Cohen's kappa (K). Agreement ranged from 
0.985 (North Europe) to 0.932 (South Europe) [32). 

Descriptive statistics included mean (SO) values of weight, height, BMJ, PA, screen time, and 
F&V and SSD intake, prevalence estimates for anthropometric indicators, and percentages of sex, 
parental education leve! and season of completion of the questionnaire separately per group of 
countries and per cluster solution. 

Mixed-effects regression models with country as the grouping variable were used to investigate 
the associations between the clusters (independent variables) and anthropometric ind icators and the 
prevalence of overweight/obesity (dependent variables). Univariate and multivariate mixed linear 
regression models were carried out to examine associations with the continuous dependent variable 
BMI/A z-score. Univariate and multivariate logistic regression models were conducted between the 
prevalence of overweight/obesity (dependent variables) and the obtained clusters. Multivariate 
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models were adjusted for sex, age, parental education leve! and season of completion of the 
questionnaire. Country was entered as random intercept in ali the mixed-effects models. The 
threshold for statistical significance was set at p ~ 0.05. The Sta ta version 13.0 (StataCorp LP, College 
Station, TX, USA) was used to perform these analyses. 

3. Results 

3.1. Sample Characteristics 

The final dataset consisted of 63,215 children (49.9% girls) from 19 countries with complete data 
on age, sex, weight, height and with information on al i four EBRB indicators. The main sample 
characteristics in terms of age, sex, weight, height, BMI, BMl/A, parental education, season of 
completion of the questionnaire, PA, screen time, F&V intake, and SSD intake are displayed in Table 
1 separately for each group of countries. Mean age was around 8 years in ali groups except in North 
Europe where children were younger (mean age = 7.2 years). North Europe had the highest educated 
sample as nearly 40% of the farnilies were undergraduate or held a Bachelor's degree. The most 
common highest education leve! attained in East Europe, South Europe/Medi terranean countries and 
West-Central Asia was secondary/vocational school with 42.1 %, 49.3% and 62.4% of the parents in 

this category, respectively. The lowest prevalence of overweight/obesity was observed in North 
Europe (16.6% WHO, 11.3% IOTF) and West-CentraJ Asia (16.4% WHO, 11.5% IOTF) whereas the 
countries in the South European/Mediterranean group had the highest prevalence (35.3% WHO, 
27.5% IOTF). 

Table l. Baseline characteristics of participants in the fourth round of the WHO European Childhood 

Obesity Surveillance lnjtjative (COSI), separately by group of countries. 

North East South Europe/ Wcst-CentraJ 

Euro~c Euro~e Mediterranean countries Asia 

mean SD mean SD mean SD mean SD 
Agc (ycars) 7.2 0.4 8.1 0.8 7.9 0.9 8.0 0.9 
Weight (kg) 24.9 4.3 28.7 6.7 28.9 7.2 25.5 5.6 
Hcight (cm) 125.1 5.8 130.7 7.4 128.6 8.1 125.4 7.8 
BMI (kg/m') 15.9 1.8 16.7 2.7 17.3 2.8 16.1 2.4 

BMl/A 0.10 1.0 0.29 1.3 0.62 1.3 --0.01 1.16 
Physical activity (hours/day) 1.5 0.7 2.0 0.7 1.6 0.8 1.6 0.8 

Screen time (hours/day) 1.9 0.9 1.7 1.0 1.4 0.8 1.6 1.1 
Fruit and vcgetable intakc (times/week) 11.0 3.5 8.5 3.8 8.3 3.8 9.2 4.0 

Soft drinks (timcs/week) 0.9 1.1 1.7 2.1 1.3 1.9 2.6 2.6 
n % " % 11 % 11 % 

Sex 
Boys 908 51.7 13,975 49.9 10,807 50.l 5966 50.3 
Girls 850 48.3 14,018 50.1 10,785 49.9 5906 49.7 

Parental education leve) 

Primary school 11 0.6 1937 7.2 1126 5.4 87 0.8 
Secondary and vocational school 517 29.7 11,294 42.1 10,361 49.3 7098 62.4 
Undergraduate/Bachelor degree 693 39.9 6223 23.2 7122 33.8 2603 22.9 

Master de!l!:ee or higher 519 29.8 7357 27.5 2419 11.5 1586 13.9 
Scason qucstionnairc complction 

Winter 605 34.4 915 3.3 8017 37.1 2681 22.6 
Spríng 180 10.2 16,596 59.3 7955 36.8 3047 25.7 

Summe r 252 14.4 1688 6.0 1232 5.7 0.01 
Autumn 721 41.0 8794 31.4 4388 20.3 6143 51.7 

Ovcrwcight/obcse (WHO 2007) 291 16.6 7644 27.5 7611 35.3 1927 16.4 
Ovcrwcight/obcsc (IOTF) 198 11.3 5824 20.9 5929 27.5 1346 11.5 

BMI, body mass index; BMI/A, BMl-for-age; IOTF, lnternational Obesity Task Force; WHO, World 
Health Organization. North Europe: Denmark and lreland. East Europe: Albania, Bulgaria, Czech 

Republic, Latvia, Lithuania, Montenegro, Poland, Romania and Russia. South Europe: Malta, Croatia, 

Portugal and Spain. West-Central Asia: Georgia, Kazakhstan, Tajikistan and Turkmenistan. 
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PA levels were the highest in East Europe (2.0 hours/day) and the lowest in North Europe (1.5 
hours/day). North Europe had the highest screen time (1.9 hours/day) whereas the lowest amount of 
time spent on this behavior was observed in South Europe/Mediterranean countries (1.4 hou rs/day). 
The highest and lowest intakes of F&V were observed in North Europe (11.0 times/week) and in 
South European/Mediterranean countries (8.3 times/week), respectively. West-Central Asia had the 
highest SSD intake (2.6 times/week) whereas the North European countries had the lowest intake (0.9 
times/week). 

3.2. Clusters Characteristics 

Cluster analyses tumed out in a seven-cluster solution as the most adequate, reliable, and stable 
representation of the clustering of EBRB in the four groups of countries. Figure 1 shows the specific 
characteristics of each cluster. Cluster labels are based on distinguishing features defined by high or 
low mean z-scores relative to other clusters. Clusters that were common across groups were given 
the same cluster number; therefore, a total of 13 distinctive clusters were identified across the four 
groups. 
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Figure l . Group-specificcluster solutions (mean 2-scores) of the four energy balance-related behaviors 
(EBRB) patterns among children participating in the fourth round of the World Health Organization 
European Childhood Obesity Surveillance lnitiative: (a) Cluster solutions (mean z-scores) of the four 
EBRB patterns in North Europe; (b) Cluster solutions (mean 2-scores) of the four EBRB patterns in 
East Europe; (e) Ouster solutions (mean 2-scores) of the four EBRB patterns in South 
Europe/Mediterranean countries; (d) Ouster solutions (mean z-scores) of the four EBRB patterns in 
West-Central Asia. Overweight/obesity prevalence (%)by cluster membership is shown above each 
cluster. JOTF, Jnternational Obesity Task Force; WHO, World Health Organization. 

Table 2 shows descriptive data for EBRB indicators and prevalence of overweight/obesity by 
cluster membership. Cluster 1 (Cl, 'PhysicaJly active and healthy diet') was characterized by high PA 
levels and high F&V intake coupled with low screen time use and low intake of SSO. Cluster 2 (C2, 
'Healthy diet') comprised children with high F&Y intake and low SSD intake. Cl and C2 were 

observed in a li four groups. Cluster 3 (C3, 'Physically active' ) was observed in East Europe, South 
Eu rope/Mediterranean countries and West-Central Asia and was described by high levels of PA. The 
main fea tu res of Cluster 4 (C4, ' Physica lly active and sedentary'), which on ly emerged in the North 
Euro pean countries, were high P A levels together with high levels of screen time use. Cluster 5 (CS, 
'Sedentary and physically inactive'), with high levels of screen time and low levels of PA, was 
observed in three groups of countries (North Europe, South Europe/Mediterranean countries and 
West-Central Asia). Cluster 6 (C6, 'Low beverage in take, low sedentary and physically inactive') was 
characterized by low levels of ali EBRB indicators, that is, low PA levels, low screen time, low F&V 
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intake and low SSD intake. C6 was present in a li the groups except in North Europe. Cluster 7 (C7, 
'High beverage intake and F&V intake'), described by high intakes of SSD and of F&V, emerged in 
North Europe and in West-Central Asia. 

Cluster S (CS, 'Sedentary, physically inactive and healthy diet'), with high levels of screen time, 
high F&V intake, low PA levels and low SSD intake, was spedfic to the North European countries. 
Cluster 9 (C9, 'High beverage intake, sedentary and physically inactive') comprised those in the 
North European and East European countries with high intake of SSD, high screen time use and low 
PA levels. Cluster 10 (ClO, 'Sedentary and physically active') was only observed in East Europe and 
was described by high screen time and relatively high PA levels. The main features of Cluster 11 (Cll, 
'High beverage intake, sedentary and physically active') were high intake of SSD and relatively high 
screen time and PA levels and emerged in both East Europe and in South Europe/Mediterranean 
countries. Cluster 12 (C12, 'Sedentary, physically active and healthy diet'), specific to South 
Europe/Mediterranean countries, was characterized by high screen time use, high P A levels, high 
intake of F&V and low SSD intake. Cluster 13 (Cl3, 'Physically active, high beverage intake, sedentary 
and high F&V intake') was only observed in West-Central Asia and comprised children with high 
levels of a li four EBRB. 

In terms of prevalence of overweight/obesity, C9 ('High beverage intake, sedentary and 
physically inactive') andes ('Sedentary, physically inactive and healthy diet') showed, respectively, 
the highest prevalence with the WHO 2007 definition (22.9%) and with the IOTF definition (1S.S%) 
in the North European countries. The lowest prevalence was observed for Cl ('Physically active and 
healthy diet', 12.9% WHO, 7.S% IOTF,) and for C7 ('High beverage intake and F&V intake', 11.7% 
WHO, S.3% IOTF). Cl also had the lowest overweight/obesity prevalence in East Europe and South 
Europe/Mediterranean countries regardless of the obesity definition applied. C2 ('Healthy diet'), C9 
(' High beverage intake, sedentary and physica lly inactive') and ClO ('Sedentary and physically 
active') had very similar high prevalence of overweight/obesity. The highest overweigh t/obesity 
prevalence in South Europe/Mediterranean countries was observed for CS ('Sedentary and physically 
inactive', 41.7% WHO, 33.S% IOTF). As in the North European countries, C7 ('High beverage intake 
and F&V intake') in West-Central Asia had the lowest prevalence of overweight/obesity (13.5% 
WHO, S.7% IOTF) whereas C3 ('Physically active') had the highest prevalence (19.7% WHO, 14.6% 
IOFT) regardless of the obesity definition used. 

3.3. Associations between Cluster Membership and Anthropometric lndicators 

Results from the rnixed-effects regression models are shown in Table 3, separately by groups of 
countries. C1 ('Physically active and healthy diet') was chosen as the reference cluster in ali groups 
as it showed lower overweight/obesity prevalence in most of the groups and it can be considered as 
the healthiest cluster. After adjusting for confounding factors, aU the clusters in South 
Europe/Mediterranean countries, except C3 ('Physically active') with the IOTF definition, were 
significantly assodated with h igher BMI/A and higher odds of overweight/obesity, regardless of the 
obesity definition applied. In East Europe, a positive significant association was observed between 
C2 ('Healthy diet') (f3 = 0.17, 9S% CI = 0.12-0.22), C6 ('Low beverage intake, low sedentary an d 
physically inactive) (f3 = 0.13, 9S% Cl = 0.07-0.lS), C9 ('High beverage intake, sedentary and physically 
inactive' ) (f3 =O.OS, 9S% CI = 0.01-0.lS) and ClO ('Sedentary and physically active') (f3 = 0.16, 9S% CI 
= 0.10-0.22) and BMJ/A. Likewise, those children in these clusters (C2, C6, C9 and ClO) were at higher 
risk of overweight/obesity than their peers in Cl. Ln the North European countries, BMJ/A was 
significantly associated with the 'Sedentary, physically inactive and healthy diet' cluster (CS) (f3 = 
0.2S, 9S% CI = 0.07-0.42). Children in CS were also more likely to be overweigh t/obese (WHO: OR = 
1.92, 9S% CI = 1.21-3.0S; IOTF: OR = 2.lS, 9S% CI = 1.22-3.77) than those in the 'Physically active and 
healthy diet' cluster (Cl). Moreover, higher odds of being overweight/obese was observed among 
those in C2 ('Healhty diet') (JOTF: OR = 1.SS, 9S% CI = 1.15-2.97), C4 ('Physically active and 
sedentary') (WHO: OR = l.6S, 9S% CI = 1.02- 2.76), and CS ('Sedentary and physically inactive') 
(WHO: OR = 1.63, 9S% Cl = 1.04-2.54). No significant associations were observed in the West-Central 
Asían countries between the clusters and BMI/A and the prevalence of overweight/obesity. 
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Table 2. Descriptivc data of cncrgy balancc-rclatcd bchaviors indicators and ovcrwcight/obcsity prcvalcncc by cluster mcmbcrslup among thc parbcipants m thc fourth 
round of thc WI 10 Eu ropcan Olildhood Obcs1ty Survcillancc lnitiativc, by groups of countrics. 

Scx 

n .. Boys C irls 

n " º• 

C1 
C2 
C4 
C5 
C7 
C8 
C9 

374 21.J 195 52.1 179 47.9 
522 29.7 230 44.1 292 55.9 
158 9.0 86 54.4 n 4'-6 
246 14.0 125 50.8 121 49.2 
205 11.7 112 54..6 93 4.5.4 
196 11.1 125 63.8 71 36.2 
';7 3.2 35 61.4 22 38.6 

C1 6555 23.4 
C2 4798 17.1 
C3 4.';48 16_1 
C6 4028 14.4 
C9 1791 6.4 

ClO 3205 11.5 
Cll 306-l 11.0 

Cl 

C2 
C3 
C5 
C6 

C12 
Cll 

2946 13.6 
5366 24.9 
275-1 12.8 
2121 9.8 
4244 19.7 
1821 8.4 
2..140 10.8 

3174 48.4 3381 51.6 
2170 45.2 2628 57.8 
2357 51.8 2191 48.2 
1957 48.6 2071 51.4 
911 50.8 884 49.2 
1n6 53.9 1479 46.1 
1680 54.8 1384 45.2 

1556 52.8 
2488 46.4 
1501 54.5 
1059 49.9 
2018 47.6 
947 52.0 
1238 52.9 

1390 47.2 
2878 53.6 
1253 45.5 
1032 50.1 
2226 52.4 
874 48.0 
1102 47.1 

CJ 1787 15.0 875 49.0 912 51.0 
C2 2086 17.6 993 47.6 1093 52.4 
C3 1511 12.7 794 52.6 717 47.4 
C5 1270 I0.7 697 54.9 573 45.1 
C6 1911 16.1 917 48.0 994 52.0 
C7 1728 14.6 839 48.6 889 51.4 

C 13 1579 13.J 851 53.9 728 46.l 

Physical acliv ily 
(hours/day) 

Scrccn time 

(hours/day) 

Fruit and 

vegeta bles 
(ti mcs/wcck) 

mct11 n 

2.3 
1.1 

2.J 
1.1 
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1.3 
1.4 

2.5 
1.2 
2.5 
1.2 
1.2 
2.2 
2.6 

so m ean SO 
North Euro e (n • 1758) 

O.J 1.6 0.6 
0.4 
0.4 
0.4 
0.4 
0.6 
0.7 

1.4 
2.6 
2.0 
1.7 
3.2 
2.J 

0.5 
0.9 
0.7 
0.6 
0.6 
0.8 

Easl Euro e (11 • 27,993) 

0.4 1.4 0.7 
0.J 1.4 0.7 
0.4 1.3 0.7 
0.4 
0.4 
0.6 
0.4 

1.5 
1.9 
3.3 
2.0 

0.8 
1.0 
0.8 
1.0 

m ciln 

12.8 
12.9 
6.0 
5.7 
12.5 
11.7 
10.5 

11.8 
11.5 
4.9 
4.9 
8.0 
7.4 
8.8 

So uth EuropcfMeditcnancan countries (n = 21,592) 

2.4 0.3 1.1 0.5 11.6 1.9 
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Oust'C'r 1 "Physically active' and hC'althy diC't''; ClustC'r 2 "HC'althy diC't"; ClustC'r 3 "Physically active'"; OustN 4 "Physically active' and SC'dentary#; Cluster 5 "Scdcntary 

and physically inactivc"; Cluster 6 "Low bcvcragc intake, low scdcntary and physicalJy inactivC'"; Ouster 7 "High bcvcrage intakc and F&V intakc"; O ustcr 8 "Sedentary, 

physically inaclivc and hcalthy diet"; Cluster 9 "High bcveragc intake, sedentary and physically inactivc"; C luster 10 "Sedentary and physically active"; Cluster 11 "High 

bevcrage intake, scdentary and physically active"; Ouster 12 "Sedcntary, physically active and healthy diet''; Ouster 13 "Physically active, high bcverage intake, sedcntary 

and high F&V intake". IOTF, lnternational Obesity Task Force; Wl-10, World Health Organization. North Europe: Denmark and lreland. East Europe: Albania, llulgaria, 
C1..ech Republic, Latvia, Lithuania, Montenegro, Poland, Romania and Russia. South Europe: Malta, Croatia, Portugal and Spain. West-Central Asia: Georg ia, Kazakhstan, 
Tajikistan and Turkmenistan. 

T able J . Associations bctwcen clus ter member;hip and a nthropom etnc indicators among the p.1rticipants in the fourth round of the WHO Furopean Ch ildhood Obesity 
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4. Discussion 

This study investigated the clustering of F&V and SSD intake patterns, physical activity and 
sedentary behavior and their cross-sectional associations with an thropometric indicators in a large 
sample of children in the WHO European region. Our findings showed that 1) sorne behaviors cluster 
in the same manner and are common across groups whereas others are specific to the geographical 
area, and 2) the associations of the clustering of the EBRB and the obesity indicators depend on the 
group of countries. To the best of our knowledge, this is the first study to examine the clustering of 
these EBRB and its association with obesity indicators in a large and geographically spread sample 
of school-aged children. 

4.1. Clusters Characteristics 

A 7-cluster solution was retained as the best solution within the fou r groups. While the clustering 
of sorne behaviors was common across groups, other behaviors clustered in a unique manner specific 
to each country grouping. This highlights the complexity of diet, PA and sedentary behavior and 
their relationships. The current globalization of EBRB [33] could explain the similarity of clusters 
across groups. On the other hand, group differences in the clustering of these behaviors seem to 
reflect group-specific EBRB pattems that persist regardless of such globalization, although to a lesser 
extent as these clusters tended to be less prevalent than the common ones. 

4.2. Healthy and Unhealthy Energy Balance-Related Behaviors (EBRB) Clustering 

C1 'Physically active and healthy diet' and C2 'Healthy diet', the clusters that represent healthier 
EBRB, were common across all groups. C3, the 'Physically active' cluster, was common in three 
groups however (East Europe, South Europe/Mediterranean countries, West-Central Asia). Cl, 
considered as the 'healthy' cluster was characterized by high PA levels and high F&V intake and low 
levels of screen time and SSD intake. This cluster comprised most of the children in East Europe 
(23.4%) and was the second most prevalent cluster in North Europe (21.3%). C2 'Healthy d iet', with 
high levels of F&V intake and low SSD intake, was the most prevalent cluster in North Europe 
(29.7%), South Europe/Mediterranean countries (24.9%) and West-Central Asia (17.6%), and the 
second that comprised most children in East Europe (17.l %). The healthy clustering of diet and PA 
in school-aged children has not consistently been observed in the literature. While sorne studies fai led 
to observe a d istinct healthy cluster among child ren [11,13,34], others reported one cluster in which 
healthy behaviors co-existed, in line wi th our results. Sánchez-Oliva et al. [14) iden tified a 'Healthy 
Lifestyle' cluster among children aged 8-11 years that was characterized by low levels of screen time 
and of total sedentary time, high levels of moderate-to-vigorous PA, and average levels of adherence 
to the Mediterranean diet. Likewise, a 'Healthier lifestyle' cluster with high PA, low sedentary 
behavior, longer sleep duration and healthier diet was reported in a sample of 9- to 12-year-old 
Spanish children [16]. In contrast to our findings, this cluster was not the most prevalent in neither of 
the studies. Another matter is whether children in these healthy clusters met the recommendations 
for these behaviors. An 'all-round healthy behavior' cluster was observed by Cameron et al. [35) in 
which children aged 5-12 yea rs met the daily recommendations for moderate-to-vigorous PA, screen 
time, F&V intake and energy-dense food in take. Our results showed that chiJdren in Cl achieved >1 
hour/day of PA [36], screen time use was below the recommended 2 hours/day [37] and SSD 
consumption was very low (:S:once a week). F&V intake was also high; however, due to the nature of 
the questionnaire, it is very likely that the intake of F&V was underestimated as daily in takes were 
not available; therefore, it is unknown whether children met the guidelines in this regard. 

Consistent with previous literature [14,16- 18,34,35], we found clustering of unhealthy behaviors 
which comprised children with high levels of screen use and high SSD intake. In a review of cross
sectional and longitudinal studies, Pearson and Biddle [38] already reported a posi tive association 
between sedentary behaviors and elements of a less healthy diet in children such as energy-dense 
drinks, snacks and fast food. Nevertheless, this clustering of unhealthy behaviors was the least 
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prevalent in the two groups of countries where it was observed (3.2% North Europe, 6.4% East 
Europe). 

4.3. Co-Occurrence of Healthy and Unhealthy EBRB 

As already highlighted by previous studies [11,13,18,34,35], healthy and unhealthy levels of 
EBRB co-occurred in sorne regions in ali groups, but not in others. Most of these clusters were 
characterized by high levels of screen time coupled with high levels of PA (C4, ClO) and/or high F&V 
intake (CS, Cl2). A cluster (C7) combining high F&V intake with high SSD intake was observed in 
North Europe and West-Central Asia. It is noteworthy that a cluster with high levels of ali four 
behaviors (C13) emerged in West-Central Asia. We found no studies that had aJready reported such 
a clustering of EBRB in which individuals had high levels of ali healthy and unhealthy behaviors 
simultaneously. We hypothesized that the co-existence of healthy and unhealthy behaviors in the 
same cluster could suggest a conscious compensation, by the parents, of the unhealthy behavior by 
adhering to a healthy one. Parents could engage their children in a particular healthy behavior such 
as PA performance and/or healthy eating to compensate for engaging in other practices such as high 
screen time use and/or unheaJthier dietary patterns. Although this behavior has only been 
investigated in adults [39], it may be plausible in our study as data were reported by the parents. 

It should be noted that severa! clusters were characterized by high levels of screen time. In three 
groups, a sedentary cluster (C5) coupled with low levels of PA emerged comprising children wi th 
high screen time use above the recommendations, especially in West-Central Asia (3.4 hours/day). 
Leech et al. [10] already reported in their review a common pattem among severa! studies in which 
many clusters were defined by high levels of sedentary behaviors. These fi ndings seem to reflect the 
current high levels of screen time associated with the use of new technologies and the negative impact 
that they can already have on the lifestyle of those at stiU early ages. 

4.4. Low EBRB leve/s 

By contrast, ali groups except North Europe had a cluster characterized by low levels of PA, 
screen time, F&V intake and SSD intake. Likewise, three studies conducted in European children 
aged 2-9 years [11,13] and 10-12 years [17] found a clustering of low levels on ali behaviors. Co
occurrence of low consumption of SSD and low screen time use levels, despite the low PA levels and 
low F&V intake, could be regarded as positive in terms of health promotion and disease prevention. 
In fact, the findings in the study from Bel-Serrat et al. (11] suggested that the cardiovascular profile 
of children with low levels of TV/video/DYD viewing together with low SSD intake was healthier 
than for those physically active or with high F&V intake. This cluster was considered by the authors 
as the healthiest cluster solution given that they failed to find a ' healthy' cluster, which could have 
been associated with an even healthier cardiovascular profile. 

Future research should focus on investigating how clusters track over time in this age group. 
The longitudinal stability of cluster membership was examined among Australian 10- 12-year-old 
children overa 3-year period and was observed to be modera te [12]. While the ' most healthy' clusters 
showed the lowest stability over time, tracking was highest for the ' high sedentary behavior/low 
moderate and vigorous PA'. According to the authors, further investigation is still needed to figure 
out the reason why sorne clusters tracked better than others [12]. 

4.5. Associations between Cluster Membership and Anthropometric lndicators 

4.5.1. Differences across Groups of Countries 

Associations between the clustering of EBRB and anthropometric indicators notably varied per 
group of countries. Ali clusters except two were associated with higher BMl/A z-score and higher 
risk of overweight/obesity regardless of the obesity definition used in South Europe/Mediterranean 
countries and in East Europe, respectively. Only a small number of associations was observed in 
North Europe and no associations were observed in West-CentraJ Asia. Although we cannot compare 
group-specific clusters because they are unique to each area, common clusters were not associated 
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with obesity indicators in the same manner across groups. These differences may represent di fferent 
stages of evolution of the obesity epidemic in different countries and populations groups, with 
variable responses in terms of behaviors, norms, and different physical, social, cultural and econornic 
environments. We also hypothesized that countries could be ata different stage of the diffusion of 
innovation theory from Rogers [40] in terms of obesity prevention strategies and their adoption by 
the population. Briefly, the diffusion of innovation theory explains how, an idea, behavior or product 
spreads through a specific population and it is adopted by this population. Adoption, however, does 
not occur simultaneously within the target population and, there are, indeed, five adopter categories: 
innovators, early adopters, early majority, late majority and laggards (40]. While in North Europe 
most of the population may have adopted these strategies in terms of EBRB, in South 
Europe/Mediterranean countries and in East Europe, the adoption of EBRB strategies is still at earlier 
stages, which is also reflected by the remarkably higher mean BMI/A and overweight/obesity 
prevalence observed in these countries. 

Nevertheless, it should be kept in mind that the education leve! in the North European countries 
was higher than in the other three groups, which could also have an impact on the observed findings 
as it could imply a healthier cohort of children. In West-Central Asia, however, children could still 
follow a quite traditional behavior pattern that prevents them from being overweight/obese, even 
considering that obesity prevention strategies focusing on EBRB in these countries may not be as 
developed as in Europe given their relatively low overweight/obesity rates as compared with the 
other countries. Examining the associations between cluster membership and sociodemographic 
factors in this specific age group deserves more attention and future research. Fernández-Alvira et 
al. (17] observed that children from seven European countries aged 10-12 years old with lower 
educated parents were more likely to have unhealthier clustering of EBRB, i.e. low activity/sedentary 
pattem and sedentary and sugared drinks consumers. Likewise, the 'energy-dense consumers who 
watch TV' cluster comprised more children with lower educated mothers among Australian 5- 6- and 
10- 12-year-old children [34]. 

Differences in the observed associations between the clustering of EBRB and overweight/obesity 
across reg ions could also be explained by other factors not examined in this study and that ha ve also 
been shown to play a role in the development of overweight/obesity such as sleep duration, welJ
being and/or genetic variations, amongst others. Findings from a meta-analysis reported that short 
s leep duration increased the risk of childhood obesity [41]; however, we did not observe much 
variation on average sleep time among regions: 11 hours/day in the North European countries and 
10 hours/day in the other three groups of countries. Moreover, obesity has a pronounced genetic 
component as genetic factors account for between 30-70% of variation in BMI between individuals 
[42]. The prevalence of obesity also differs between ethnic groups [42]. This could partially explain 
the low prevalence of overweight/obesity observed in the West-Central Asian countries as opposed 
to the higher prevalence in the South Europe/Mediterranean countries. On the other hand, the nature 
of the methodology applied may ha ve a role in explaining the lack of consistent results across regions. 
A key limitation of self-reported measures is their valid ity. For that reason, the presence of 
misclassification bias needs to be considered g iven that parentally reported measures are subject to 
possible misreporting of PA, sedentary behaviors and diet. 

4.5.2. Synergies arnong Multiple EBRB and Overweight/Obesity 

The synergistic effect of having high levels of PA and high intake of F&V combined with low 
screen time use and low SSD intake was associated with children being less likely to be 
overweight/obese. Having only a diet rich in F&V or being physically active did not seem to be 
associated with children being less overweight/obese as compared with their peers who were 
engaged in both EBRB simultaneously, even when screen time use and SSD intake were low. The fact 
that C6 ('Low beverage intake, low sedentary and physically inactive') was also associated with 
higher odds of overweight/obesity supports this hypothesis. Unlike our findings, Bel-Serrat et al. (11] 
and Santaliestra-Pasías et al. [13] fou nd that the clustering of low levels of a li EBRB was associated 
with reduced levels of body fat. However, both studies failed to observe a healthy cluster to compare 
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this cluster with. Nevertheless, the evidence on the potential cumulative effect of these behaviors in 
children is still inconsistent. I.n the review by Leech et al. [10], five studies found evidence of a possible 
synergistic effect of multiple EBRB on overweight/obesity whereas seven studies found no 
association. Differences in the EBRB indicators used, the statistical methods applied to compute the 
clusters, the culture and/or the specific population studied, amongst others, limit the comparability 
among studies and could partially explain the lack of agreement. 

4.5.3. Measures of EBRB 

The low z-scores observed in C6 for ali the EBRB could suggest that there might be other 
underlying factors associated with overweight/obesity that were not captured by either these EBRB 
measures, i.e. engagement in other eating and/or movement behaviors like light PA, or beyond these 
EBRB, as mentioned earlier. Therefore, future studies in children may need to target more 
comprehensive measures of EBRB. ln terms of PA, this could include light PA in addition to moderate 
and vigorous PA, structured and unstructured PA, and PA performance during school time and 
outside school hours. Assessment of both multiple sedentary behaviors (e.g. screen use (TV, videos, 
computer, table, smartphone, etc.), reading, socializing) and of domain-specific behaviors (e.g. sitting 
at school or at home, motorized travel) should be considered [43] in future research. Furthermore, 
the dietary assessment methodologies applied should provide information not only on the individual 
foods consumed but on the overall diet to obtain a better understanding of the dietary factors that 
are related to health outcomes. The combination of severa! dietary assessment methods, such as food 
frequency questionnaires and 24-hour dietary recalls, is frequently used to fulfill this need. However, 
the nature of information to be collected and the methodology should be specified by the survey 
itself. For instance, while accelerometry offers a convenient and accurate measurement of PA, it 
should be kept in mind that questionnaires are cost-effective, readily accessible to most of the 
population and ha ve a relatively low participant burden [43]. These aspects are crucial in surveillance 
where data are collected in an ongoing and systematic basis. 

4.5.4. Role of Sedentary Behaviors 

Our findings showed that most of the clusters that were associated with an increased risk of 
overweight/obesity were characterized by high Jevels of screen time use, regardless of being 
combined with other healthy/unhealthy behaviors or not. Tu.is suggests that high screen time use 
could mask the potential positive role of PA and of a healthy diet on reducing the obesogenic risk. 
This 'outweighing' effect of one particular behavior over another has been reported previously 
[10,18]. In agreement with our results, four studies in the review by Leech et al. [10] found a positive 
association between overweight and high sedentary behavior. Similarly, Dumuid et al. (18] and 
Sánchez-Oliva [14] observed that membership of the high sedentary time cluster was associated with 
higher BMI and higher risk of overweight/obesity and with higher body fat percentage, respectively. 

4.5.5. Role of Sedentary Behav.iors and Sugared Soft Drinks (SSD) Consumption 

It deserves attention the fact that clusters that combined both high levels of screen time use and 
high consumption of SSD comprised children who were more likely to be overweight/obese. Leech 
et al. (12] already showed that TV viewing in combination with energy-dense food and drinks 
consumption predicted overweight and obesity among Australian children. Evidence form cross
sectional, longitudinal, interventional studies carried out in children su pports the link between SSD 
intake and not only unhealthy weight gain, but other adverse health outcomes such as dental caries, 
high blood pressure, earlier timing of puberty, poor sleep and hyperactivity/inattention (44]. This is 
a matter of concern given that child ren in these dusters are simultaneously engaged in two unhealthy 
behaviors and, therefore, could be at an increased risk of developing health issues linked to these 
behaviors not only during childhood, but also during adolescence and adulthood. 

4.6. Strengths 
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The main strengths of this study include the application of standardized data collection 
procedures across countries, the large sample size of more than 60,000 children from diverse 
geographical areas of Europe and Asia, and the country-based sampling strategies designed to yield 
nationally representative samples. The inclusion of important obesity-related EBRB, the use of 
objectively measured height and weight, and the adjustrnent of regression models for importan t 
confounders can also be regarded as study strengths. Furthermore, cluster analysis, a data-driven 
approach, is able to identify clusters of EBRB pattems, which offers certain superiority as opposed to 
a priori methods such as indexes [34). 

4.7. Limitations 

These findings should be interpreted in the context of severa! limitations. The cross-sectional 
design of this study does not allow us to make any causal inferences. Differences in sampling 
methods and target age group(s) across countries should be regarded as a study limitation. Despite 
the large sample size and the fact that countries selected nationally represen ta ti ve samples, the survey 
nature of the data and the differences in each country contribution to both the groups sample and 
population were not considered in the analyses. Therefore, it should be kept in mind when 
interpreting these findings that they refer to the study sample rather than to any population. 
Moreover, sorne degree of selection bias cannot be precluded given the low levels of participation 
observed in sorne countries. 

Further limitations include the parentally reported EBRB variables which are subject to 
measurement error, recall bias and socially desirable answers. Therefore, a certain degree of 
differential misreporting, i.e. over-reporting of healthier behaviors and under-reporting of those 
regarded as less healthy, cannot be precluded. Also, the parental estimates of their children's 
behavior pattems may be error-prone, especia lJy when these behaviors took place out of home or in 
the child's bedroom. School-based PA was not captured by the questionnaire and, therefore, 
estimates rely only on PA during free time. One of the major challenges in nutritional epidemiology 
is the measurement error in dietary intake data and, therefore, misreporting cannot be ruled out, 
especially among parents with overweight/obese children [45). Furthermore, the nature of the 
questionnaire could lead toan underestimation of those food i tems that were consumed severa! times 
a day such as F&V intake. Therefore, intakes of F&V in this sample could be higher than those 
observed in these analyses. The fact that the reliability of the questionnaire has not been examined 
yet should be regarded as another study limitation. Nevertheless, the COSl food frequency 
consumption list was designed as an easily applicable monitoring too! to get an overall indication of 
the child ren's usual consumption frequencies of a food group, but it did not include portion sizes. 
Besides, the low cost and ease of administration of the questionnaires makes them the most common 
too! used in large epidemiological and surveillance studies, despite their methodological limitations. 

It should be acknowledged that the grouping of the countries was not perfect and that the use 
of another grouping system could have resulted in a more accurate grouping. For example, Georgia 
is not an Asian country as it is located between Western Asia and Eastern Europe. However, the 
grouping of the countries was limited by the number of countries with available data. Furthermore, 
the clustering of EBRB and the prevalence of overweight and obesity observed within each group do 
not represent the current picture of the entire region as many countries were not included in the 
analyses. Therefore, no attempts should be made to compare data across regions/groups of countries. 
Nevertheless, it was preferred to group the countries rather than following a country by country 
approach given the advantages of the former approach in terms of data analysis and reporting and 
interpretation of the results. 

The data-driven and person-centered nature of the cluster analysis approach is also subject to 
severa! limitations su ch as a high degree of subjectivity and lack of generalization of findings to other 
populations. This implies the need for caution when comparing our results with other studies. 
Furthermore, there is no agreement on how to best minimize subjectivity when determining the 
optima! number of clusters [46). Severa! clusters were common across groups with similar 
characteristics; however, they did not necessarily have the same exact characteristics such as identical 
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levels of a given EBRB indicator. Furthermore, data was collected across ali four seasons and, 
therefore, cluster membership could be different between seasons. 

5. Conclusions 

Our study identified clustering patterns of diet, P A and screen time in chi.ldren, and across 
European and Asian countries. These findings showed the importance of following a healthy lifestyle 
to prevent overweight/obesity and support the hypothesis that unfavorable weight status is 
associated with a particular combination of EBRB patterns. However, associations differed by group 
of countries and cluster characteristics. These discrepancies might suggest that more behaviors 
beyond these four may need to be targeted. Obesity prevention strategies need to consider the 
synergistic effect of these behaviors, and future public health initiatives should target a reduction in 
screen time use and SSD intake coupled with increased levels of PA and F&V intake. Examining the 
stability or evolution of the clusters over time in this age group and the associations between cluster 
membership and sociodemographic factors are potential areas of further research. 
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Table 3. Questions on cncrgy balancc-rclated behaviors askcd through the family survcy qucstionnairc in the fourth round of the WJ-10 Europe Childh<X>d Obcsity 
Survcillancc lnitiativc (2015(2017). 

Energy baJan ce·related 
behaviour 
Pl1ysical activity 

Sedeutary belravior 

Dietary illlake 

Question 

In his/her free time, about how many hours per day is 
your child usually playing actively/vigorously (e.g. 
running, jumping outsidc o r moving and fitncss gamcs 
insidc)? 

Outside school lessons, how much time docs your child 
usuaUy spend wa tching TV or using elcctronic 
dcviccs such as computcr, tablct, smartphonc or othcr 
clectronic dcvire (not including moving o r fitncss 
games), eithe r at home or outs ide home (e.g. lnt'ernet 
cafes, game centres, cte.)? 

Overa typical or usual week, how often does your 
child cat or drink thc following kinds oí foods or 
bcvcragcs? 

Fresh fnuit 
Vcgctablcs (cxcluding potatocs) 
Soft drinks containing sugar 

Response categories 

Never al a ll 
Lcss than 1 hour per day 
About 1 hour per day 
About 2 hours pcr day 
About 3 or more hours per day 

Data collcctcd separatcly for wcck 
da s and weekend da s 

ot at a ll 
Hours/day (all countries) 

Ne ver 
Less than 1 hour per day 
About 1 hour per day 
About 2 hours per day 
About 3 or more hours pcr day 
(lretand, Lithuania and Spain only) 

Data collccl'cd scparatcly for wcck 
days and weekend days 
Never 
Lcss than once a week 
Sorne days (1-3 days) 

Most days (4-6 days) 
Every day 

Jof4 

4of4 
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Abstract: High rates of childhood obesity require integral treatment with lifestyle modifications that 
achieve weight loss. We evaluated a lifestyle intervention on nutrient adequacy and diet quality in 
children and adolescents w ith abdominal obesity. A randomized controlled trial was performed on 
107 participants, assigned either to a usual care group or to an intensive care group that followed 
a moderate hypocaloric Mediterranean d iet and received nutritional education. Intake adequacy 
was evaluated using Dietary Reference Intakes and d iet quality through the Diet Quality Index for 
Adolescents (DQI-A), the Healthy Lifestyle Diet-Index (HLD-1) and the Mediterranean Diet Quality 

Index (KIDMED). Both groups achieved a significant reduction in BMI standard deviation score 
(BMl-SDS), glucose and total cholesterol levels. Intake of Cakium, Iodine and vitamin D were higher 
in the intensive care group, with enhanced compliance with recommendations. Higher dietary seores 
were associated with lower micronutrient inadequacy. DQI-A and HLD-1 were significantly higher in 
the intensive care group vs. usual care group after the treatment. In conclusion, we observed that 
an intensive lifestyle intervention was able to reduce BMI-SDS in child ren with abdominal obesity. 
Furthermore, participants significantly improved d ietary indices getting closer to the nutritional 
recommendations. Therefore, these diet quality indices could be a valid indicator to evaluate 
m icronutrient adequacy. 

Keywords: d ietary intervention; childhood obesity; Mediterranean diet; nutritional requirements 

l. Introduction 

Obesity is a multifactorial d isease and its treatrnent requires a multid isciplinary approach. 
Although weight gain could have a genetic component, Lifestyle factors are the most important 
modifiable risk factors [1,2]. In recent years, there has been an increase in portion size and consumption 
of high-energy foods and a decrease in fruit and vegetable consumption in paediatric popula tions, 
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in paralJel with a reduction in physical activity levels anda rise in sedentary behaviour [3]. Intervention 
studies able to change lifestyle habits and improve diet quality are considered key in the treatment 
of paediatric obesity (4-6]. Severa! lifesty le interventions were able to lower anthropometric and 
cardiometabolic risk factors [7- 10], but few interventions have considered changes in diet quality and 
nutrient adequacy as a final outcome [11,12]. On the other hand, dietary indices could be a useful too] 
to identify subjects at high nutritional risk, being those with a poor diet and lifestyle pattern [13- 16]. 
For this reason, the aim of our study was to evaluate, in children with abdominal obesity, the effect of 
a lifestyle intervention on nutrient adequacy and diet quality, as assessed by Diet Quality Index for 
Adolescents (DQI-A), Healthy Lifestyle Diet-Index (HDL-1) and Mediterranean Diet Quality Index 
(KIDMED). 

2. Materials and Methods 

2.1. Participants 

The IGENOI study is a two-year family-based lifestyle intervention study involving children and 
adolescents with abdominal obesity. It is a randomized controlled clinical tria] (NCT03147261) carried 
out in Pamplona by members of the GENOI group (Navarro Study Group of Childhood Obesity). 
Participants were recruited at the Paediatric Endocrinology Unit of the Clinic University of Navarra, 
the Paediatric Department of the University Hospital Complex of Navarra and Health Centres in 
Pamplona. The study population comprised children aged seven to 16 years, with a waist circurnference 
above the 90th percentile according to national data [17]. The exclusion criteria included prevalent 
pre-diabetes, food intolerance, eating disorders o r psychiatric disease, pharmacological treatment, 
regular alcohol consumption or special diet treatrnent. The study followed the ethical standards 
recognized in the 2013 Declaration of Helsinki and was approved and supervised by the Human 
Research Ethics Committee of the University of Navarra (044/2014). Written informed consent was 
obtained from eligible children and their parents or legal guardians. 

A total of 126 children were initially recruited. Among them, four did not meet the inclusion 
criteria and eight dropped out after random assignment dueto discouragement, time incompatibility, 
social problems or a change in phone number or e-mail address. Thus, although 114 participants 
concluded the eight-week phase (dropout rate: 6.5%), 109 participants completed the d ietary intake 
data at baseline and after the intervention. Two participants were identified as outliers given their high 
baseline energy intake values and were removed from the analysis [10,18]; thus, the final subsample 
was 107 children. 

2.2. Experimental Design 

This multidisciplinary in tervention consisted of a two-year programme that comprises an 
eight-week phase with a total follow-up period of 22 months. A multidisciplinary team, including 
registered dieticians, paediatricians, physical activity experts and nurses, carried out the intervention. 
In this stud y, we present da ta from the treatment period corresponding to the first eight weeks, since the 
study is still ongoing. 

Subjects were randomly assigned to the usual or intensive care group at a ratio of 1:3. They were 
accompanied by their parents or legal guardians. The usual group received standard paediatric 
recommendations [19] on healthy diet, while the intensive care group was advised to follow a 
moderately hypocaloric Mediterranean diet (9,20). Both groups were encouraged to accumulate 
an extra time of 200 min of physical activ ity per week at 60-75% of their maximum heart rate. 

During the eight-week period, usual care subjects received a 30-min individual session with the 
dietician and five monitoring visits to assess anthropometric parameters. Participants assigned to the 
intensive care group completed six 30-min individual sessions with the research team. 

In addition, intensive care subjects had one group session. Dieticians provided information 
on healthy lifestyle and how to manage obesity-related problems to parents and legal guardians. 
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On the other hand, children were taught severa! topics such as controlling healthy lifestyle behaviour, 

food preparation, portion control, eating behaviour, food composition and the importance of being 
physically active (by increasing physical activity and reducing sedentary time) during leisure time. 

2.3. Dietary Intervention 

On the first visit, intensive care participants were prescribed to follow a diet based on a fixed 
full-day mea! plan. Their energy expenditure was calculated using the Schofield equation adapted 
to age and sex [21 ]. The percentage of calorie restriction varied from 10% to 40% of total energy 
intake depending on the degree of obesity presented [20], which did not interfere with the children's 
body growth. In ali cases, the caloric ranges of diets were between 1300 and 2200 kcal. 

The diet was distributed in to five main meals: breakfast providing 20%, morning snack 5-10%, 
lunch 30-35%, afternoon snack 10-15% and dinner 20-25% of total energy. The distribution of 
carbohydrate, fat and proteins was 55%, 30% and 15% of total energy, respectively [22]. Intensive care 
participants followed a Mediterranean-style diet based on high consumption of fruit, vegetables, 
whole grains, legumes, nuts, seeds and olive oil, minimally processed foods; modera te consumption of 
dairy products, fish and poultry; and low consumption of red meat [23]. 

2.4. Anthropometric, Clinical and Biochemícal Measurements 

Trained personnel carried out ali anthropometric measurements using calibrated equipment, 
at both the beginning and end of the eight-week period. Participants were barefoot and wearing 
Light dothes. 

Height was obtained with a Harpenden's stadiometer of 1 mm precision (Seca 220, Vogel & Halke, 
Hamburg, Germany) and body weight using a digital scale (BC-418, TANITA, Tokyo, Japan). 
Body Mass Index (BMI) was calculated from the ratio of weight to height squared (kg/m2) and 
converted after in to standard deviation seores (SOS) for sex and age derived from Spanish reference 
data according to specific cutoff points for BMI [17]. Finally, pubertal development was evaluated 
according to Tanner stages [24]. 

Venous blood samples were obtained by specialized trained nurses at the hospital after 
an overnight fast. Glucose, insulin and total cholesterol were determined by standard 
autoanalyzer techniques. 

Blood pressure was measured using an electronic sphygmomanometer (OMRON M6, Hoofddorp, 
The Netherlands) on the right arm after the children had rested quietly for 15 min. 

2.5. Physical Activity 

Physical activity during leisure time and sedentary behaviour was objectively measured 
over four consecutive full days, two weekdays and two weekend days, by triaxial accelerometry 
(Actigraph wG13X-BT, Actigraph LLC, Penascola, FL, USA). The accelerometer collected data in 60-s 
intervals [25], which were analysed using ActiLife 6.0 software (Actigraph LLC, Penascola, FL, USA), 
and summarized as counts per min (CPM) using validated cutoff points to define time spent sedentary 
(<100 CPM) and moderate-to-vigorous physical activity (MVPA) (>2296 CPM) [26]. 

2.6. Dietary Intake Assessmenl 

Trained dieticians collected dietary intake data at baseline and after an eight-week period using a 
baseline serni-quantitative 136-item Food-Frequency Questionnaire (FFQ) [20], which was previously 
validated in Spain and recently re-evaluated [27,28]. We also exarnined diet quality through three 
dietary indices: DQI-A, HDL-I and KIDMED. The dietary indices provide different information about 
the diversity of the diet (DQI-A), lifestyle habits such as physical activity (HDL-I) and adherence to the 
Mediterranean diet (KIDMED). In ali cases, higher values of each index indicated a greater diet quality. 

The DQI-A has been previously validated and is adapted for use in adolescents [13). The overali 
DQI-A score is composed of the sum of three categories (quality, diversity and equilibrium), presented 



Results (Chapter 2) 

66 

 

 

N11 trienls 2018, 10, 1500 4of 16 

in percentages. lts total value ranges from -3% to 100%. To evaluate daily intake, the original DQl-A 
considered nine recommended groups: (1) water, (2) bread and ce reals, (3) potatoes and grains, 
(4) vegetables, (5) fruits, (6) milk products, (7) cheese, (8) meat, fish and substitutes, (9) fats and oils. 
However, we modified the original DQI-A and divided it into eight recommended groups because 
data on water were not collected. DQI-A has been previously described in more detail [29]. 

The HDL-Index is composed of 10 items, eight of which refer to the frequency of consumption 
of fruit, vegetables, fish and seafood, sweets, regular soft drinks, grain, dairy products, me·at and 
meat products. The other components indicate the leve! of physical activity through measuring the 
time spent on moderate to vigorous physical activity versus looking at screens [14]. The HDL-Index 
employed in this study is a modified version of the original index due to a lack of information on 
screen hours. Thus, the range of this index was between O and 36. 

Finally, KIDMED index score evalua ted the adequacy of Mediterranean dietary pattem in children 
and adolescents and ranged from O to 12 [30]. 

2.7. Statistical Annlysis 

The sample size calculation indicated tha t 13 and 39 subjects were needed for usual and 
intervention care group, respectively. This estimation was based on the following assumption s: 
an error of 5%, a power of 90%, a 1:3 ratio, anda mean difference of O.SO (SD 0.47) units in BMI-SDS 
after the nutritional intervention, following similar criteria previously applied by members of our 
team project [31,32]. Student's unpaired or paired t-test were used for comparison between groups or 
within group changes, respectively. The differences in the changes of variables between Usual care 
group and Intensive care group were assessed using analysis of covariance (ANCOVA) adjustment for 
potential confounder s such as BMl-SDS, tota l energy intake or corresponding variables at baseline 
(data not shown), however similar results were obtained. The inter-quartile rank was used for 
outlier detection; values outside the 1.5 limits for energy intake were identified as outliers and were 
removed [33]. 

To evaluate prevalence of micronutrient adequacy, we used the Dietary Reference Intakes (DRls) 
and the methods endorsed by the Institute of Medicine [34]. Thus, we used Estimated Average 
Requirement (EAR) or Adequate Intake (Al) if the EAR values were not available, and Upper Levels 
(UP) to examine the adequacy of 19 micronutrients: Ca, Fe, 1, Mg, Zn, Na, K, P, Se, and vitamins 
Bl, B2, B3, B6, Bl2, C, A, D, E and folie acid. Regarding macronutrients, we used the Acceptable 
Macronutrients Distribution Ranges (AMDR) [35]. The prevalence of subjects w ith inadequate intake 
between the usual and intensive care groups was compared using the McNemar test. 

To test associations between inadequacy and indexes we performed a score consisting of the 
addition of inadequacy (%)in those subjects with nutrients < EAR. Test of linear trend across successive 
tertiles of each index were performed assigning the median value to each tertile and treating the 
variables as continuous. 

STATA 12.0 for Windows (version 12.0, College Station, TX: StataCorp LP, USA) was used as 
statistical software. The statistical significance leve! was p <O.OS. 

3. Results 

Clínica! parameters, diet quality and nutrient adequacy data were collected from 107 children 
with abdominal obesity (11.3 years old, 63% females). As expected, subjects from usual care (n = 26) 
and intensive care (n = 81) groups had similar baseline clinical measurements, except for glucose levels 
(Table 1). Thus, the usual care group had significantly higher glucose levels compared with the intensive 
care group (p = 0.034). Food and nutrient intakes and diet quality indices were also comparable. 
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Table l. Changes in clinical and dietary parameters after lifestylc intervention in cllildren with abdominal obesity. 

Age (years) 
Sex (F) 

Tanner (1/'113/4/5) 

Weight (kg) 
Heighl (cm) 

BMI 
BMl-SDS 

Glucose (mg/dl) 
lnsulin (µU/ml) 

Total Cholesterol (rng/dL) 
Systolic BP (mmHg) 
Diastolic BP (mmHg) 

Fruits (g/day) 
Vegeta bles (g/day) 
Legumes (g/day) 

Oairy Products (g/day) 
Mea! (g/day) 

Sausages (g/day) 
Fish (g/day) 

Whole Grains (g/day) 
Refined Grains (g/day) 

Eggs (g/day) 
Nuts (g/day) 

Olive Oil (g/day) 
Sweets (g/day) 

MVPA (min/day) 

Baseline 

Usual Care Group 
(/r = 26) 

lntensive Care Group 
(rr = 81) 

Mean (SO) or Percenlage 

10.7 (2.4) 11.49 (2.5) 
18 (69) 49(61) 

1(38) 2(8) 3(15) 4(4) 5(23) 1(33) 2(19)3(14) 4(6) 5(25) 

62.7 (17.9) 67.27 (19.7) 
147.9 (12.9) 151.75 (13.3) 

28.1 (4.5) 28.52 (4.6) 
2.9 (1.2) 2.86(1.0) 

91.2 (6.05) 88.0 (6.3). 
19.9 (20.5) 16.3 (8.5) 

156.8 (22.6) 164.8 (27.3) 
113.3 (11.5) 119.0 (12.0) . 
71.5(8.1) 72.8 (8.2) 

254 .o (135.5) 253.4 (177 .3) 
262.0 (156.1) 313.1 (162.9) 

17.6 (10.2) 20.2 (11.1) 
497 .4 (198.3) 457.1 (192.7) 
!SO.O (44.9) 205.8 (60.1). 
9.7 (11.0) 21.1 (21.6). 
70.2 (42.4) 71.2 (36.3) 
3.7 (10.5) 21.3 (54.3) 

181.31 (76.3) 163.5 (92.8) 
23.4 (10.9) 24.3 (9.8) 
0.1 (0.1) 0.1 (0.1) 

30.2 (15.5) 29.4 (16.9) 
120.9 (75.6) 100.4 (70.5) 

45.7 (23.8) 43.7 (23.9) 

Changes wilhln group after eighl weeks 

Usual Care Group 
(rr = 26) 

l ntensive Care Group 
(Jr = 81) 

Mean(95% CI) 

-2.2(-3.1, - 1.3)"' -2.6 (-3.1, - 2.2) ... 
1.2 (0.9, 1.5) ... 0.9 (0.8, 1.0) ... 

- 1.4 (-1.8, -0.9)' .. -1.S (-1.7, - 1.3)'" 
-0.5 (-0.8, -0.2) .. -0.5 (--0.6, -0.4) -· 

- 5.8 (- 8.9, - 2.7) ... - 2.0 ( - 3.8, -0.3). 
- 3.5 (- 8.3, 12) - 2.1 (- 3.7, - 0.6) .. 

-11.4 (-18.4, -4.4) .. - 11.9 (-17.2, -6.6) ... 
0.76 (-4.6, 6.2) -6.6 (-9.0, - 4.3) ... 
1.68 (-4.2, 7.5) - 3.5 (-5.4, - 1.6) --

9.4 (- 78. 9, 97.8) 70.4 (20.6, 120.2) .. 
60.0( - 31.7,151.7) 68.1 (28.3, 107.8) .. 

- 1.3(- 5.6,2.9) 0.7 (- 2.2, 3.6) 
-83.3 (-181.9, 15.3) 93.6 (43.2, 144.0) ... 
-23.2 (-47.3, 1.0) -53.6 (-68.4, -38.9) ... 

-5.S (-10.5, -0.6). -19.0 (-23.6, -14.4) ••• 
12.7 (-2.4, 27.9) 31.7 (22.5, 40.9) ·-

48.6 (17.1 , 80.0) •• 28.0 (11.4, 44.6) •• 
- 97.2 (- 126.9, - 67.S) ... - 74.4 (- 95.9, - 52.9) ... 

- 1.1 (- 5.3,3.1) - 0.7 (- 2.8, 1.3) 
0.4 (- 1.2, 2.0) - 0.9 (- 1.7, O.O) 

- 6.1(- 13.2,1.1) - 4.7(-8.5, -0.9)' 
- 57.6 (- 91.1, - 24.2) .. -48.5 (- 63.6, - 33.4) ... 

0.6 (-10.5, 11.6) 5.5 (0.6, 10.3) • 

Changes between Groups 
(lntensive vs. Usual Care) 

Mean (95% CJ) 

-0.4 (-1.4, 0.5) 
--0.3 (-0.6, -0.00). 

- 0. l (-0.6, 0.3) 
-O.O (-0.4,0.2) 

3.8 (0.3, 72). 
1.4 (- 2.4, 5.1) 

-0.6 (-10.3, 9.2) 
-7.4(-12.S, -2.3) .. 
-5.2 (-9.8, -0.6). 

61.0 (- 39.1, 161.0) 
8.1(- 77.7,93.9,) 

2.0 (- 36, 7.6,) 
176.9 (73.3, 280.5) •• 

-30.5 (-59.6, - 1.3,) • 
-13.S (-22.l, -4.9,) .. 

19.0 (0.8, 37.1). 
-20.6 (-54.5, 13.3,) 

22.8 (8.4, - 64.0) 
0.4 (- 3.9, 4.7) 

- 1.3 (- 3.0, 0.5) 
1.4 (- 6.4, 9.1) 

9.1 (- 23.1,41.3) 

4.9 (-5.6, 15.3) 

Abbrcviations: BMJ, body mass indcx; BMl-SDS, standard dcviation score for BMJ; BP, blood pn.>ssurc; MVPA, modcrate-to-vigorous physical activity; PA, physical activity; SD, standard 
dcviation; O, confidencc inlerval. • p-valuc <O.OS,•• p-value < 0.01 and ... p-valuc < 0.001. 
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Changes in clinical parameters and food intake after the lifestyle intervention are described 

in Table l. Participants of both groups showed a significant decrease in body weight, BM1-SDS, 
glucose and total cholesterol levels. After the intervention, they significantly reduced consumption 
of sausages, refined grains and sweets, while increased whole grain consumption. In addition, 
the intensive care group significantly reduced insulin levels, blood pressure and meat intake, and they 
increased consumption of fruits, vegetables, dairy products and fish in comparison w ith usual 
care group. In the intensive care group, moderate-to-vigorous physical activity time significantly 
increased after the intervention. 

As shown in Table 1, the change in glucose levels between group was statistically significant 
(p = 0.033), but did not remain statistically significant in ANCOVA model when it was adjusted for 
baseline BW-SDS and glucose levels (p = 0.367, data not shown). 

Table 2 shows the changes in daily macro- and micronutrient intakes after the intervention. As a 
consequence of the reduction in total energy intake, both groups significantly reduced the intake of all 
macronutrients and cholesterol, Fe, Zn, Na and vitamin E intake. In addition, intensive care subjects 
had greater intake of fibre, I, vitamin B12, v itarnin C, and vitamin D intake after the intervention. 

The percentage o f energy from macronutrients and the changes in the proportion of individuals 
within the AMDR at baseline and after the intervention are shown in Table 3. A similar reduction 
in tota l energy intake was found in both groups (usual care subjects -766 kcal/d and intensive care 
subjects -731 kcal/ d). However, the usual care group significantly increased protein (+3% of total 
energy) and decreased fat intake (-3% of total energy) after the intervention, resulting in a 27% 
increase in fat AMDR of participants. Notably, intensive care subjects increased carbohydrates and 
protein intake, and decreased fatcontent, in this way, the percentage of participants w ithin AMDR for 
fat was improved (38%). 

Moreover, we evaluated compliance with macro- and micronutrients EAR (%). Only those 
micronutrients with significant changes between groups after the intervention are displayed in Figure l. 
Despite ali participants not being within the carbohydrate AMDR, they reached values closer to the 
carbohydrate and protein recommendations. Although all micronutrients were above EAR (except 
vitamin D), usual care subjects, unlike the intensive care group, diminished compliance for Ca, P and 
vitamin B2 intake . On the contrary, intensive care subjects enhanced their compliance w ith I and 
vitarnin B12 intake. 

lt is noteworthy that v itamin D was under EAR in both groups, and intensive care subjects 
significantly improved their compliance (51 % to 61 %, p < 0.001). Die tary inadequacy for 19 
micronutrients is shown in Table 4. The prevalence of subjects above Na UL decreased after 
the intervention (- 38% for the usual care group and -47% for the intensive care group ). 
Regarding vitamins, inadequate intakes were observed for vitamin [)in most participants (88% of 
usual care subjects and 92% of intensive care subjects) at baseline. It is important to highlight that th is 
percentage was signifi.cantly reduced (-21 %) in intensive care subjects a fter the intervention. We found 
differences between groups in the proportion of individuals with inadequate v itamin A intake, w ith a 
favourable change in the intensive care group. The prevalence of participants with inadequate v itamin 
E intake significan ti y increased (35% in the usual care group and 32.1 % of the intensive care group). 
As mentioned above, changes in the quality of dietwere evaluated with three d ietary indices: DQI-A 
with the categories: dietary quality, dietary diversity and d ietary equilibrium, HDL-I and KIDMED 
(Table 5). Both groups significantly enhanced total DQI-A and two out of three categories: d ietary 
quality and dietary equilibrium, although the increase in total DQI-A was higher in the intensive 
care group. The intensive care group significantly improved HLD-I score in 4.1 points vs. 1.4 points in 
the usual care group. In the same way, the KIDMED was two points and three points higher in usual 
care and in tensive care subjects, respectively. 
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Table 2. Change in daily macro- and micronutrient intake after lifestyle inten•ention in children w ith abdominal obesity. 

Baseline 

Changos within group altor eighl weeks 

Usual Care Group l ntensive Catt Group Usual Dre Group lnlensive D re Group Changes between Groups 
(Ir = 26) (n =81) (u= 26) (11 =81) Ontensive vs. Usual Care) 

mean (SD) mean (95,~ en mean (95'- CJ) 

Carbohydrale (glday) 317.t (83.2) 298.2 (80.1) - 91.3 ( - 124.4, - 58.3) ·- - 71.7 (- 88.96, - 54.50) -· 19.6 (- 15.7, 54.9) 
Fibre (glday) 21.8(6.0) 23.6 (7.5) 2.1 (-1.9, 6.0) 3.7 (1.8, 5.6) -· l.6 (-2.4, 5.6) 

Prolein (glday) l ffi.7 ( 18.0) 110.8 (20.2) - 14.6 (- 23.7, - 5.6) .. - 11.1 (- 16.1, - 6.l) ••• 3.6 (-6.S, 13.7) 
Total Fat (g/day) 115.4 (29.9) ll6. I (33.0) - 38.0 (- 49.7, - 26.4) ·- - 44.4 (- 51.9, - 36.9)"" - 6.4 (- 21.1,8.4) 

SFA (g/day) 34.9(10.7) 35.3 (135) - 12.0 (- 16.3, - 7.8) ••• - 15.3 (- 18.7, - 12.0) ·- - 3.3 (- 9.5, 29) 
MUFA (g/d ay) 50.5(13.9) 51.6(16.6) - 14.0 (- 20.8, - 7.2) -· - 19.2 (- 23.6, - 14.8) ·- - 5.2 (- 13.7,3.2) 
PUFA (glday) 15.5(6.1) 1H (5.4) - 4.6 (- 7.3, - 1.8)- - 6.1 (- 7.4, - u ¡-- - 15 (- 4.3, 1.3) 

Trans Fat (g/day) 0.8 (0.5) 1.0(0.5) - OA (- 0.6, - 0.2) ·- - 0.6 (--0.7, - 0.4) -- - 0.2 (- OA, 0.1) 
Cholesterol (mg/dayl 435.5 (106.1) 4-145(115.9) -727 (-110.5, -34.9) ·- - 78.0(- 103.5, -526) ... - 5.4 (-54.7, 43.9) 

Calcium (mg/day) 1208.2 (315.3) 1203.4 (361.7) - 165.7 (- 324.1, - 7.4) . 35.5 (- 53.8, 124.9) 201.3 (22.0, 380.6) . 
Jron (mg/day) 17.8 (3.9) 18.4 (4.0) - 23 (- 4.3, -0.4). -26 (- 3.S, - l.7) ... - 0.3(- 22, l.7) 

lodine (µg/day) 341.8 (126.2) 3155 (150.4) - 4.3 (- 66.2. 57.6) 10.1.1(67.3, 141.0) -- 108.4 (35.3, 1815) •• 
Magnesium (mg/day) 383.6 (83.7) 400.5 (923) - 23.6 (- 67.4, 20.2) - 26(- 26.l, 20.9) 21.0 (- 26.7,68.7) 

Zinc (mg/day) 13.5(25) 14.5 (3.3) - l.8 (- 3.3, - 0.4) • - 2.1 (- 2.9, 1.2)-- 0.2 (- 1.9, 1.5) 
Sod ium (mg/day) 2914.1 (655.7) 30'.IS.7 (899.8) - 750.8 (- 1023.8, - 477.7)-- - 936.4 (- 1155.9, - 717.0) ·- - 185.6 (- 599.9, 228.7) 
Potassi um (g/day) 4.2(1.0) 4.4 (1.0) 0.3 (- 0.8, 0.2) 0.1 (- 0.l,0.4) 0.4 (- 1.0, 0.9) 

Phosphorus (mg/d•y) 1799.9 (339.5) 1868.2 (4ffi.3) - 191.4 (- 337.9, - 44.9). - 9.3 (- 106.7, 88.1) 1821 (- 7.0,371.3) 
Selenium (µg/day) 101.1 (30.2) 106.7(3H) - 10.3 (-23.9, 3.3) -5.7 (-14.3, 2 9) 4.6 (- 122, 21.4) 
Thiamine (mg/d ay) 24(0.7) 2.4 (0.6) 0.1 (- 0.4,0.5) 0.1 (- 0.1,0.2) - 0.0(- 0A,0.4) 
R iboRavin (mg/day) 22(05) 2.3 (0.6) -0.2 (-0.4, 0.1) 0.1 (- 0.1,0.2) 0.3 (-O.O, 0.06) 

Niacin (mg/day) 41.7(8.3) 45.0 (8.9) - 2.1(- 6.5, 2.3) - 24 (- 4.5, -0.2) . - 0.3 (- 4.8, 4.3) 
Vitamin 86 (mg/day) 23(0.5) 2.4(0.6) - O.O (- 0.3, 0.3) O.l (- O.O, 0.2) O.l (- 0.2, 0.4) 

Folate (µg/day) 344.1 (101.6) 364.5 (99.1) - 23 (- 529,48.3) 21.2 (- 2.8, -lS.1) 23.S (- 26.8, 73.8) 
Vitamin BU (µg/day) 8.4 (4.4) 8.9 (3.7) 0.1(- 1.4,1.5) l.4(05,22)- 1.3 (- OA,3.0) 
Vitamin e lmg/day) 187.0 (73.2) 189.2 (71.3) - 0.S (- 39.2. 38.2) 23.6 (4.2. 43.0)" 24.1 (- 15.9,64.J) 
Vil•min A (µglday) 1411.8 (1199.8) 1287.0 (768.5) - 776.9 (- 735.3, 181.5) 6.8 (- 15.0, 163.3) 283.7 (- 87.1, 654.5) 
Vilamin D (µglday) 5.1 (3.2) 5.1 (28) -0.0(-1.3, 1.3) 1.7 (0.9, 25) -· 1.7(0.1, 3.4)" 
Vilamin E (mg/day) 10.5 (4.1) 10.8 (45) - 3.l (- 4.4, - t.7). - - 2.8 (- 3.7, - 20) -· 0.2 (- JA, l.9) 

Abbrevialions: SFA, satura ted fatty oc1d; MUFA, monounsaturaled latty acid; PUFA, polyunsaturated fatty ocid; SD, standard dev1at10n; • p-value < 0.05, " ,,.value <O.O! and 
·-l"valu~ < 0.001. 
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Table 3. Pcrccntage of cnergy from macronutricnls, and proportion (%) of individuals within the acceptable macronutrient distribution rangc (AMOR). 

AMOR 

Energy (kcal / day) 

Carbohydrates 
(% Energy) 

% Wilhin AMOR -15--6.5 

Protein (% Energy) 
% Within AMOR 10-30 

Fat ('}o Energy) 
% WithinAMDR 25-3.5 

Baseline 

Usual Care Group 
(11 = 26) 

l ntensivc Care Group 
(11 =81) 

mean (SO) or percentage 

2729.4 (5n.6) 2681 .7 (585.6) 

-16.3 (5.3) +4.3 (6.3) 

54 47 

15.7(1.9) 16.8 (2.4) • 
100 100 

38.0 (5.3) 38.9 (6.1) 
31 30 

Changes within group after eight weeks 

Usual Ca re G rou p 
(11=26) 

lntensive Care Group 
(11=81) 

mean (95%CO 

-766.1 (-997.9, -534.3)" .. 

- 0.1(- 2.4,2.2) 

o 
3.1 (2.1, .i.O) ... 

o 
-3.0 (-5.4, -0.6). 

27. 

-731.l (862.4, - 599.7) ••• 

2.0 (0.6, 3.4) •• 

11 

3.8 (3.2, 4.4) ••• 
o 

-5.8 (-7.3, - 4.3) -· 
38 ... 

Changes between 
Groups (lntensive vs. 

Usual Carel 

mean (95% CI) 

35.0 (-228.3, 298.4) 

2.1 (- 0.7, .i.9) 

11 

0.8 (-0.4, 1.9) 
o 

- 2.9 (-5.8, 0.1) 
11 

Abbreviabons: AMOR, occeplablc maaonutrirol ctislr1bution range;SD, standard deviabon; Cl, confidrore intcrval. • p·\oalue < 0.05, •• p·valuc < 0.01 and "" l"value < 0.001. 
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Figure l. Change in the compliance (%) of the dietary recommendations (EAR) after lifestyle 

intervention in children with abdominal obesity • p-value < O.OS, •• p-value < 0.01 and 
••• p-value < 0.001. 

Table 4. Effect of lifestyle intervention on the proportion of individuals with inadequate intakes under 
the EAR/ Al# or above UL by usual and intensive ca re group. 

Usual Care Group (n = 26) Intensive Care Group (11 = 81) 

<% EAR >% UL <% EAR >% UL 

Baseline 8 Weeks Baseline 8 Weeks Baseline 8 Weeks Baseline 8 Weeks 

Cakium (mglday) 23.l 42.3 37.0 29.6 
!ron (mg/day) 

Iodine (µg/day) 7.7 2.5 4.9 7.4 
Magnesium (mg/day) 7.7 11.5 73.1 65.6 6.2 2.5 70.4 76.5 

Zinc (mg/day) 19.2 7.7 8.6 3.7 
Sodium (mg/day) • 7.7 923 53.9 .. 2.5 9.9 86.4 39.5'" 
Potassium (glday) • 53.9 80.8 59.3 58.0 

Phosphorus (mglday) 
Selenium (µglday) 1.2 1.2 
Thiamine (mg/day) 
Ribollavin (mglday) 

Niacin (mglday) 96.2 962 100.0 98.8 
Vitamin 86 (mg/day) 

Folate (µg/day) 23.l 19.2 11.5 115 18.5 11.1 9.9 6.2 
Vitamin 812 (µg/day) 
Vitamin e (mg/day) 
Vitamin A (µg/day) 3.9 15.4 38.5 15.4 7.4 1.2 §§ 22.2 18.5 
Vitamin D (µglday) 88.5 92.3 92.5 71.6 "§ 
Vitamin E (mg/day) 30.8 65.4 >1->I- 45.7 77.8 >1->l->I-

Abbreviations: EAR, estimated average requirement; •AJ, adequate intake; UL, upper leve! of intake. • § values 
obtained from McNemar test. ', significant difference between baseline and eight-week inadequate intake in obese 
children distributed by the intervention. §,significan! difference for the comparison of change on inadequate intake 
between usual and inten.sive care group. Tiiere were no significan! differences between characteristics at baseline. 

lnterestingly, the intensive care group presented a significant change in total DQI and HLD-I 
compared to the usual care group. Finally, when we analysed the association between tertiles of each 
diet quality index and inadequacy intake in the total population, we found that the sum of inadequacy 
percentage was lower in the lúgher tertile of total DQI-A, HLD-1 and KIDMED with a significant trend 
(p < 0.001) (Figure 2). 
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Table 5. Changc in diet qualíty indices afler lifestyle inlcrvention in children wilh abdominal obesily. 

Total Diet Quality Index 
(DQI, - 33°'o lo 100%) 
D ietary Quality DQI 
(DQ -100% to 100%) 

D ietary D iversity DQI 
(DO, O to 100%) 

Dietary Equilibrium DQJ 
(DA, 0 to 100%) 

Healthy Lifestyle Die! l ndex • 
(HLDI, O to 38 points) 

Mediterranean Die! Quality l ndex 
(KlDMED, 0-12 points) 

Baseline 

Us ual Care Group 
(11 = 26) 

Intensive Care Group 
(11 =81) 

mean (50) 

26.3 (9.0) 33.1 (7.4) 

49.5(185) 71.9(14.l ) 

25.5 (13.9) 19.2 (14.7) 

3.9 (5.0) 8.1 (4.0) 

18.3 (2.7) 19.7 (2.8) 

5.2(1.8) 7.2 (1.6) 

Changes w ilhin group aflereight weeks 

Usual Care Group 
(11=26) 

lnlens ive Care Group 
(11=81) 

mean (95% Cl) 

6.8 (2.2, 11.3) .. 12.1 (10.0,142) ... 

22.3 (15.5, 29.2)- 29.5 (25.8, 33.2) ... 

-6.3 (-15.0, 2.5) 1.4 (-2.8,55) 

4.2 (2.2, 6.3) ... 5 .4 (4.2, 6.6) ... 

1.4 (-0.1, 2.9) 4 .1 (3.3, 4.9) ... 

2.0 (0.9, 3.0) ... 3.0 (2.5, 35) ... 

!Oof 16 

Changes between Groups 
Onlensive vs. Usual Care) 

mean (95% CI) 

5.3 (0.9, 9.8) • 

72(- 0.3, 14.7) 

7.6 (-1.1, 16.3) 

1.2 (-1.2,3.6) 

2.7 (1.0, 4.3) •• 

1.0(-0.1,2.1) 

Abbreviations: SO, standard deviation; CI, confidence interval. • p-value < 0.05, "¡1-value <0.01 and ... p-value <0.001. • lndex modifi<'Cl without dally TV \iewing and romputer game 
playing lime. 
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T2 
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p trend <0.001 

T3 
(8-10 points) 

ptrend <0.001 

T3 
(20-27 points) 

Figure 2. Micronutrient inadequacy (%) across the tertiles (T) of Diet Quality Index (A), 

Healthy Lifestyle Diet Index (B) and Mediterranean Diet Quality (C) at baseline in children with 
abdominal obesity. 

4. Discussion 

In the present work, we evaluated the effects of a lifestyle intervention on nutrient adequacy 
and diet quality in a population of children and adolescents with abdominal obesity. Pa rticipants 
were able to reduce thei.r BMI-SDS ( - 0.5 units) and improve their diet quality seores, getting closer to 
the nutritional recommendations. Importantly, changes in BMI-SDS (2:-0.5) are associated with an 
improvement in cardiometabolic risk, as seen in our intervention (36,37]. 

The intensive care group did increase dairy products and fish intakes together with a reduced 
intake of meat and sausages, compared with the usual care group. Consequently, intakes of I, 
Ca and vitamin D were also higher in intensive care subjects, with enhanced compliance with 
recommendations and nutrient adequacy. Despite Iodine playing a key role in psychomotor growth 
during puberty, its deficiency is common in children [38]. To our knowledge, this is the first intervention 
study in which there is an increase in I intake from higher daily intakes of dairy products and fish. 

Adequate intake of Ca and vitamin D are needed as the peak bone mass is achieved right after 
puberty (39,40]. In Spain, vitamin D deficiency is a serious health problem with a suboptimal intake 
in a high percentage of children (41-43]. We observed that vitamin D is the only micronutrient for 
which 100% of the DRI is not met, with a high number of subjects under EAR. After the intervention, 
we demonstrated that subjects were able to increase vitamin D intake enhancing the compliance of 
DRI through a dietary p lan and nutritional education. 

The usual intake of Na exceeded the ULs in a high number of participants in our study, similar to 

the findings reported in other Spanish children populations [43]. Salt-added foods (e.g., pre-cooked 
foods) are the main source of Na [44], which is associated with a risk of hypertension in children and 
adolescents [45,46]. We showed a decrease in Na intake, with a lower number of subjects above ULs in 
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both groups. In contrast, Couch et al. (47) reported that a three-month behavioural intervention in 
overweight children did not reduce Na intake. 

Notably, ali subjects were within AMOR for protein intake (10-30% of total energy) befare 
and after the intervention, although they exceeded the protein EAR at baseline. This observation 
is in line with the results of a national sample of Spanish children, which presented an excess of 

protein EAR, although they met the AMOR for protein intake [42). Unfortunately, 45% and 38% of 
participants had carbohydrate and fat intake outside AMOR, respectively, similar to the data of a 
national sample of Spanish normal-weight children and adolescents (42,48). Similar results were 
observed in overweight Greek children who consumed less energy from carbohydrates and more from 
fat according to AMDR (49). 

After the intervention, ali subjects (usual and intensive care groups) had improved macronutrient 
distribution and got closer to the nutritional recomrnendations. Similarly, Nemet et al. showed 

an improvement in carbohydrate and fat intake after a lifestyle intervention in obese children and 
adolescents [50), as found in our intervention. 

Lifestyle and d.ietary indices are appropriate tools that provide overa!! d.iet quality (15). Thus, they 
showed associations with healthy lifestyle patterns (13--15,51,52) and effective obese treatment [53) 

in children. At baseline, we observed that higher seores of diet quality indices were associated with 
lower nutrient inadequacy intake. This suggests that these indices could be used as valid indicators to 
evaluate micronutrient adequacy. 

Thus, after the intensive lifestyle intervention, both usual and intensive care groups presented 
beneficia! changes in the three indices: OQI-A, HLO-l and KIOMEO. As expected, we observed a 
greater improvement in the intensive care group. This indica tes the accomplishment of a healthy 
d.ietary pattern and physical activity recommendations after the intervention, which indica tes good 
adherence to the treatment. 

Vyncke et al. (13) observed a positive association between DQI-A and nutrient-dense food, anda 
negative association with energy-dense and low-nutrient foods in European adolescents. 

In line with our research, Manios et al. (14) found that higher HLD-I seores were associated with 
lower micronutrient inadequacy intakes according to EAR. Furthermore, adapted versions of HLD-I 
showed inverse associations with weight status [54) and insulin resistance in normal-weight (14) and 
overweight children [55). 

In paediatric populations, adherence to the Mediterranean diet has been associated with 
the prevention or treatment of childhood obesity [56). Recently, it has been indicated that 
the KIOMEO index has a direct association with lifestyle factors (physical activity and diet 
adequacy) (57). In our intervention, the intensive care group showed an increase (42%) in 
Mediterranean Oiet adherence, with an average final KIDMEO score corresponding to optima! 
diet quality. In line with our results, Ranucci et al. [58) observed improvement in KIOMEO seores 
(30%) in a multidisciplinary intervention in overweight/obese children and adolescents. In add.ition, 
Serra-Majem et al. [59) demonstrated that a higher adequacy to the Mediterranean Diet was associated 
with decreased percentages of inadequate micronutrients in subjects aged 6-24 years old. 

The main strengths of our study are the following: (a) the longitudinal design provides the 
possibility of making paired comparisons with baseline data used as control, (b) the involvement of 
registered nutritionists tocollect d.ietary data, and (e) the good response of participants, which resulted 
in substantial weight loss and measurable changes in lifestyle factors. 

We acknowledge that the present study has severa! limitations. First, there were different ages 
and pubertal stages among the participants. To minimize this effect, the ORis used to analyse diet 
quality and nutrient adequacy were adjusted for sex and age. Second, the original DQI-A and 
HDL-I were modified slightly beca use of a lack of information on water consumption and hours 
of television viewing for all subjects. However, weight loss was substantial and severa! changes in 
lifestyle parameters were statistically significan t. However, la rger studies with long-term follow-up 
are necessary to corroborate our find.ings. 
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In conclusion, we showed that an intensive lifestyle intervention in children and adolescents 
with abdominal obesity achieved a reduction in BMI-SDS and improved adherence to nutritional 
recomrnendations assessed by diet quality indices. In addition, higher diet quality seores were found 
to be associated with higher micronutrient adequacy. 
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Summary 

Background: Dietary factors seem to influence telomere length. Moreover, associa

tions between changes in adiposity indices and telomere length (TL) have been found 

in intervention studies. 

Objective: We evaluated changes in two diet quality indices and their association 

with TL in children with abdominal obesity in a 12-month lifestyle intervention. 

Methods: Eighty-seven participants (7-16 years old) were assigned to the interven

tion (moderate hypocaloric Mediterranean diet) or usual care group (standard paedi

atric recommendations) for a 2-month intensive phase and a subsequent 10-month 

follow-up. Diet quality was assessed using the Diet Quality lndex for Adolescents 

(DQl-A) and the Healthy Lifestyle Diet lndex (HLD-1). TL was measured by mono

chrome multiplex real-time quantitative PCR. The intra-class correlation coefficient 

for TL was 0.793 (95% CI 0.707, 0.857). 

Results: After a 12-month lifestyle intervention, a significant reduction in BMl-SDS 

(-0.57 and -0.49 for the intervention and usual care groups, respectively) and fat 

mass was observed in all subjects without differences between groups. Changes in 

DQl-A (+12.36% vs +5.53%, P = .005) and HLD-1 (+4.43 vs +1.09, P < .001) were 

higher in the intervention subjects compared with usual care subjects alter 2 months. 

lnterestingly, we observed a posit ive change in TL between 2 and 12 months 

(P = .025), which was associated with higher seores on the DQl-A (/J = 0.008, 

Abbreviations: DQl·A Diet Quality lndex for .Molescents; FFQ, Food·Frequency Questionnaire; HLD·I. Healthy lifestyle Diet lndex: MVPA moderate-to-vigorous physical ac:tiviry; Mf'..1qPCR, 

morochrome mulliplex real·hne quantitative PCR; SDS·BMI. standard deviation score of body mass index: ll., telomere ler¡th. 

Maria Cristil'\a Azoona-Sanjulian and Amelia Marti contributed equally to this work 
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R2 = 0.088, P = .010) and HLD-1 (fJ = 0.022, R2 = 0.198, P = .015), in the intervention 

group after the 2-month intensive phase. 

Conclusion: Favourable changes in diet quality indices could contribute to telomere 

integrity in children with abdominal obesity enrolled in an intensive lifestyle 

intervention. 

KEYWORDS 

childhood obesity, diet quality indices, lifestyle intervention, randomized control trial, telomere 

length 

1 INTRODUCTION 

Telomeres are repetitive nucleotide sequences (TTAGGG) at the end 

of chromosomes, which provide stability and protection of genetic 

material.1 Telomere length (TL) is progressively shorted in each cell 

division dueto the absence of telomerase in most cells2 and thus telo

mere attrition is related to cell aging. Genetic factors and exposure to 

agents that promote DNA damage, such as inflammation and oxida

tive stress3.4 could also influence TL 

The relationship between obesity and TL is not fully under

stood_s-9 Shorter TL have been reported in children with obesity com

P<>rcd with childrcn without obcsity5-7 which could be linkcd with 

low-grade systemic inflammation. Notably, in previous studies, we8·9 

and others10 have shown associations between TL and changes in adi

posity indices or metabolic features (glucose levels8·9). 

Lifestyle interventions are considered an effective primary 

treatment for paediatric obesity, which has become a majar public 

health problem in recent decades-" Furthermore, modifiable factors 

such as diet quality and healthy lifestyle could be important factors 

for telomere integrity.12·15 Three cross-sectional studies have eval

uated the relationship between dietary intake and TL in paediatric 

popul3tion.16-18 García-Calzón et al showed that a higher dietary 

total antioxidant capacity, related to increased consumption of poly

unsaturated fatty acids, legumes and lower total cereal intake, was 

associated with longer TL in Spanish children (with obesity, over

weight and normal weight).16 In Brazilian children (with obesity, 

overweight, normal weight and underweight), only consumption of 

fruit rnd vegetables was associated with longer TL 17 In contrast, in 

Georgian adolescents (affected by overweight or obesity), higher 

sodium intake was associated with shorter TL.18 These studies 

assessed isolated nutrients and food groups excluding a possible 

synergic effect among them. However, the use of dietary indices to 

evaluate the possible effect of overall diet on TL is a more holistic 

and informative approach.19-24 In this way, a higher adherence to a 

quality dietas measured by diet quality indices was associated with 

a lower risk of short telomeres in elderly subjects24 and 

women.19·20 

Our hypothesis is that changes in diet quality indices could influ

ence telomere integrity in children with abdominal obesity. Thus, our 

aim was t o evaluate the possible assodation between changes in diet 

quality indices and TL over the course of a 12-month lifestyle 

intervention. 

2 SUBJECTS ANO METHODS 

2.1 Subjects 

The intervention of Grupo Estudio Navarro de Obesidad Infantil 

(IGENOI) is a randomized controlled trial (NCT03147261) conducted 

in Pamplona, Spain. One hundred and twenty-one children 

(7-16 ycars old) with abdominal obcsity dcfincd as a waist circumfcr

ence >90th percentile25 were enrolled in this 2-year family-based life

style intervention study. The recnuitment was carried out at the 

Paediatric Endocrinology Units of both Clínica Universidad de Navarra 

and Complejo Hospitalario de Navarra. 

Prevalent pre-diabetes, food intolerance, eating disorders or psy

chiatric disease, pharmacological treatment, regular alcohol consump

tion or special diet treatrnent were considered exclu;ion criteria. The 

study followed the ethical standards recognized in the Declaration of 

Helsinki (Fortaleza, Brasil, October 2013) and was approved by the 

ethics committee of the University of Navarra (reference number 

044/2014). All participants and their parents or legal guardians signed 

an informed consent. 

From the initial 126 children and adolescents who agreed to par

ticipate in the study and signed the informed consent, 121 were ran

domized to usual care and the intervention group, following a 1:3 

ratio. One hundred and fourteen participants conduded the 2-month 

phase and 92 of these successfully completed the follow-up period of 

10 months. Finally, TL measurements and dietary data were available 

for 87 partidpants, 23 usual care and 64 intervention subjects 

(Figure 51). The reasons for dropout were lack of motivation, time 

incompatibility, social problems or change in contact details. 

2.2 Experimental design and dietary intervention 
(Figure 1) 

Lifestyle intervention comprised an intensive phase (2 months) with a 

follow-up period of 22 months carried out by a multidisciplinary team 
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FI GURE 1 Flowchart of intervention. Discontinuous bars correspond to data collection visits (blood draws, anthropometric measurements, 
accelerometer-based physical activity (PA) monitoring and lifestyle questionnaires); bold bars correspond to the intensive phase oí the lifestyle 
intervention (first 2 months) 

(dietitians, paediatricians, physical activity experts and nurses). Data 

presented in this study correspond to the first year, including the 

intensive phase (2 months) and the first 10 months of follow-up, 

Figure 1 shows the tlowchart of the intervention. 

The usual care group received one 30-minutes individual session 

with the dietitian and they received standard paediatric recommenda

tions tora healthy diet26 Participants completed a total ot 10 monitor· 

ing visits to assess anthropometric measurements during the first year 

of the intervention, 

In contrast, the intervention group was given a moderately 

hypocaloric M editerranean diet, based on a tixed tull-day meal 

plan.27 Their energy expenditure was calculated using Schofield 

equation (adapted t o age and sex).28 The moderate calorie restric

tion (-10% to -40% of total energy intake) was calculated for each 

participan! depending on degree of obesity (SDS-BM1)29 while at 

the same time trying not to interfere with participant's body 

growth, Caloric diets below 1300 and above 2200 kcal were not 

prescribed. The recommended dietary plan was distributed into five 

meals: breaktast providing 20"/o ot total energy intake as 

established by the Spanish Society ot Community Nutrition,30 a 

morning snack 5% to 10%, lunch 30% to 35%, an afternoon snack 

10% to 15% and dinner 20% to 25%, The distribution of main mac

ronutrients was 55% carbohydrates, 30% lipids and 15% proteins of 

t otal energy intake, During the 2-month int ensive phase, the sub

jects were prescribed a hypocaloric diet based on the Mediterra

nean pattern and received six 30·minutes sessions every 2 weeks 

conducted by the dietitian in arder to evaluate compliance with the 

diet and to take anthropometric measurements. In addition, they 

received one parallel group session where the children and adoles

cents learnt about healthy litestyle behaviour including eating 

behaviour (portian control) and the importance of being physically 

active (sedentary activities and physical activity), The parents or 

legal guardians were intormed about their role in the study and 

dealing with obesity-related problems, During the follow-up period, 

the intervention participants had monitoring visit; at 3, 4, 5, 6, 

9 and 12 months. Education on nutrition tapies regarding what con

stitutes a healthy breaktast and tood choices was given at 3 and 

5 months from baseline, respectively, and at 4 months, a group ses· 

sion about groups of toods and frequency was organized for chil· 

dren and their parents or legal tutors. 

In regard to physical activity, both groups were advised to accu

mulate 200 minutes of physical activity per week at 60% to 75% of 

their maximum heart rateas recommended by The American College 

ot Sports Medicine.31 

2.3 Anthropometric and clinical measurements 

Trained personnel with previously calibrated tools pertormed anthro

pometric measurements tollowing standard procedures. Subjects were 

baretoot and wearing light dothes. 

Height was obtained with a Harpenden's stadiometer ot 1 mm 

precision (Seca 220, Vogel & Halke, Hamburg, Germany), Body weight 

and body fat were evaluated using a digital scale BC·418 Segmenta! 

Body Composition Analyzer (Tanita, Tokyo, Japan), BMI was calcu

lated as the division between weight and height squared. The SD ot 

BMI was calculated according to specific values tor sex and age 

derived from Spanish reference data.25 Waist Circumterence was 

taken as the smallest horizontal girth between the costal margins and 

the iliac crest at minimal respiration, using a non-stretchable measur

ing tape (type SECA 200). Pubertal development was evaluated 

according to Tanner stages by a paediatrician.32 
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2.4 Physical activity 

Physical activity was monitoring by triaxial accelerometry (Actigraph 

wGT3X-BT, Actigraph LLC, Pensacola, Florida) during four consecutive 

fu 11 days (two weekdays and two weekend days).33 Actilife 6.0 software 

(Actigraph LLC) collected data in 60-s intervals which was expressed as 

counts per minute (CPM).34 Moderate-to-vigorous physical activity 

(MVPA) was defined using a validated cut-off of > 2296 CPM. 35 

2.5 Dietary intake assessment 

A semi-quantitative 136-item Food-Frequercy Questionnaire (FFQ) vali

dated and re-evaluated36·
37 in Spain was used by trained dietitians to 

assess cietary intake. Diet quality was evaluated using two dietary indices. 

The DQl-A, previously validated and adapted for adolescents·38 

evaluates three aspects of diet: quality, diversity and equilibrium. The 

sum of these categories gives a total percentage seores ranging from 

- 3% to 100%. Nine recommended food groups are assessed: 

(a) water, (b) bread and cereals, (e) potatoes and grains, (d) vegetables, 

(e) fruits, (f) milk products, (g) cheese, (h) meat, fish and substitutes, 

(i) fats and oils. Due to the lack of water information in our study, we 

modified the original DQl-A and we evaluated only eight groups. 

More details about this tool have been previously described.38 

The HLD-1 induded 10 lifestyle components, eight which measure 

the frequency of consumption of fruits, vegetables, grains, dairy prod

ucts, meat, fish and seafood, sott drinks and sweets and the other two 

which evaluate physical activity status through time spent on MVPA 

and time spent looking at screens.39 We used a modified version of 

the HLD-1 because information on screen time was not collected. In 

this way, the range of possible seores was between O and 36 points. 

2.6 Telomere length assessment 

In data collection visits (O, 2 and 12 months), three blood samples per 

child were obtained by trained nurses at the hospital alter an 

overnight fast. 

Genomic DNA was extracted from the buffy coat using the 

MasterPure DNA purification kit for Blood Version 11 (Epicenter Bio

technologies, Madison, Wisconsin). n was measured with a mono

chrome multiplex real-time quantitative PCR (MMqPCR), according to 

the method of cawthon (2009).40 The quantification of the relative 

copy numbers of telomeres (T) and a single copy gene (S) was per

formed in a single reaction on clear, 384-well plates in a CFX384 

Touch Real- time PCR system (BioRad, california). This assay provides 

a relative measurement of TL expressed as the T IS ratio. 

For quality control, sarnples corresponding to three time points 

(O, 2 and 12 months) for each subject were run by triplicates on the 

same plate. The proportion of participants per plate was similar to the 

ratio of the study (one usual care per three intervention subjects). 

When samples showed a variation >10%, they were rerun and rea

nalyzed. A calibrated curve of a reference DNA samples 
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(150-2.34 ng/pl in twofold solution) in each plate was used for the 

relative quantification. Standard curves for both T and S with a linear

ity R2 > 0.98 were accepted. 

The master mix contained QuantiTect Syber Green PCR kit 

(Qiagen, Valencia, california), telomeres primer pairs, albumin primer 

pairs (Sigma Aldrich, St-Louis, Missouri, USA; purified by high

performance liquid chromatography) and ultrapure water. Primer con

centrations for the telomere amplification telg and tele were 900 nM, 

and for the single copy were albu and albd 900 nM. The primer 

sequences were telg (S' -ACACTAAGGTTTGGGTTTGGGTTTGGG 

TTTGGGTIAGTGT-3' ), tele (5' -TGTIAGGTATCCCTATCCCTATCCC 

TATCCCTATCCCTAACA-3' ), albu (5'- CGGCGGCGGGCGGCGCGGG 

CTGGGCGGAAATGCTGCACAGAATCCTIG-3') and albd (5'-GCCC 

GGCCCGCCGCGCCCGTCCCGCCGGAAAAGCATGGTCGCCTGTI-3' ). 

The intra-class correlation coefficient for TL was 0.793 (95% CI 

0.707, 0.857) suggesting good reliability in our TL data.41 

2.7 Statistical analysis 

STATA 12.0 for Windows (version 12.0; StataCorp LP, College Station, 

Texas) w as used for statistical analyses. The statistical significance level 

was P < .OS. The sample size calculation was based on the following 

assumptions: an error of 5%, a power of 90%, a 1:3 ratio anda mean cif

ference of O.SO (SD 0.47) units in BMl-SDS alter the intervention. 

According to it 13 and 39 subjects were needed for the usual care and 

intervention groups, respectivel',r. The rationale for the difference in the 

size of both groups is based on the fact that the efforts and resources 

needed would be different in each group, anda ligh number of subjects 

could benefit from the intensive intervention.33
.4

2 The randomization to 

the intervention or usual care group was performed using a computer

generated randomization program using standardized protocols. 

No participants were identified as extreme outliers given their 

baseline energy intake values. 

n data were log transformed to fit a normal distribution and 

adjusted for age using the residuals method.43 

Changes in variables (0-2 months) were calculated as 'variable at 

month 2' minus 'variable at month O'. Similarly, changes in variables 

(0-12 months) were calculated as 'variable at month 12' minus 'vari

able at month O'. In addition, changes in TL (2-12 months) were calcu

lated as •n at month 12' minus 'TL at month 2'. 

To compare changes between groups or within groups, Student's 

unpaired and paired t tests were used, respectivel',r. 

Multiple adjusted linear regressions were fitted to evaluate 

whether diet quality change alter the intensive phase (month 2) was 

able to predict changes in n in the follow-up period (2-12 months) 

alter adjustment for sex. 

3 RESULTS 

The final sample consisted of 87 children (11.2 years old, 61% 

females) with complete anthropometric, dietary and TL variables at 
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baseline, at months 2 and 12 of follow-up. Baseline anthropometric, 

diet quality and TL measures were not statistically different between 

the usual care (n = 23) and intervention (n = 64) groups, except for 

protein intake (Table 1). 

We observed negative associations between age and TL at base

line (r = -0.193, P = .034), and at month 2 (r = - 0.196, P = .039). We 

observed no association between TL at month 12 of follow-up and 

age of participants (r = -0.035, P = .743) (Table 51). 

Changes in anthropometric and food intake alter 2 and 

12 months of follow-up are summarized in Table 2. Atmonth 2, partic

ipants of both groups showed a significant decre.;se (P < .010) in 

anthropometric measurements. In addition, the intervention group 

significantly reduced fat mass in comparison with the usual care group 

(-2.65% vs - 153%, P = .033). After 12 months of the lifestyle inter

vention, a decrease in both BMl-505 (- 057 units, P < .001 and 

-0.49 units, P < .001 for intervention and usu<I care groups, 

TABLE1 Baseline characteristics of participants according to the group 

Ali (n = 87) lntervention group (n = 64) Usual care group (n = 23) 

Percentage p 

Sex (M/F) 39/ 61 41/59 35/ 65 .622 

Tanner (1/ 11 / 111/IV IV) 37/17/ 17/ 6/ 23 35/19/16/6/24 45/ 10/ 20/ 5/20 .880 

Mean ±SD 

Age {years) 11.20± 2.50 11.5 ± 2.51 10.35 ± 2.31 .057 

Weight(kg) 65.13 ± 18.97 66.10 ± 18.97 62.44 ± 16.72 .416 

Height (cm) 150.41 ± 12.95 151.47 ± 13.24 147.46 ± 11.87 .204 

BMI (kg/m2
) 28.19 ± 4.50 28.18 ± 4.51 28.22 ± 4.57 .924 

BMl-5D5 2.86 ± 1.10 2.79 ± 1.01 3.03 ± 1.33 .369 

Waist circumference (cm) 85. 90 ± 11.03 85. 77 ± 11.00 86.27 ± 11.35 .853 

Fat mass (%) 36.48 ± 6.66 36.14 ± 5.47 37.42 ± 9.29 .430 

Energy intake (kcal/d) 2682.63 ± 686.19 2673.18 ± 601.04 2708.93 ± 897.31 .832 

Cartxihydrate (% Energy) 44.08 ± 7.99 43.86 ± 6.55 44. 71 ± 11.25 .663 

Protein (% Energy) 16.53 ± 3.19 17.07 ± 2.77 15.01 ± 3.84 .007 

Fat (% Energy) 38.22 ± 7.08 39.04 ± 5.88 35.93 ± 9.47 .071 

Total Diet Quality lndex (DQl-A, - 33% to 100%) 26.30 ± 7.96 26.40 ± 7.41 26.02 ± 9.49 .845 

Dietary Quality DQl-A (DQ, - 100% to 100%) 51.93 ± 16.69 53.52 ± 15. 77 47.52 ± 18.67 .140 

Dietary Diversity DQl-A (DO, O to 100%) 23.71 ± 14.01 22.66 ± 13.89 26.63 ± 14.25 .246 

Dietary Equilibrium DQl-A (DE O to 100%) 3.27 ± 4.68 3.03 ± 4.58 3.91 ± 4.99 .443 

Healthy Lifestyle Diet lndex (HLD-1, O to 38)' 18.17 ± 2.97 18.06 ± 3.03 18.5 ± 2.84 .553 

Fruits (g/d) 312.02 ± 170.31 317.14 ± 173.19 296. 90 ± 164.48 .633 

Vegetables (g/d) 299.97 ± 143.01 306.74 ± 142.38 279.95 ± 146.34 .451 

Fish and seafood (g/d) 69.36 ± 34.37 70.55 ± 32.57 65.85 ± 39.82 .583 

Sweets (g/d) 103.58 ± 66.94 99.35 ± 65.82 116.08 ± 70.20 .314 

Regular soft drinks (g/d) 89.75 ± 158.57 72.16 ± 76.46 141.73 ± 285.25 .075 

Total grains (g/d) 249.28 ± 106.15 244.20 ± 104.51 264.29 ± 111. 97 .446 

Whcle grains (g/ d) 22.34 ± 54.20 29.13 ± 61.27 2.28 ± 5.23 .044 

Total dairy products (g/d) 402.92 ± 187.17 404.54 ± 195.44 398.14 ± 164.43 .891 

Low or no-fat (g/d) 264.76 ± 176.72 268.34 ± 184.63 254.19 ± 154.43 .748 

Total meat and legumes (g/d) 196.52 ± 78.76 201.36 ± 87.50 182.22 ± 42.22 .328 

Lean meat (g/d) 99.44 ± 27.96 99.73 ± 28.01 98.61 ± 28.43 .872 

MVPA (min/d) 43.76 ± 22.81 43.20 ± 22.57 45.42 ± 23.96 .696 

Age-adjusted telomere length (T /S ratio) 1.10 ± 0.33 1.12 ± 0.36 1.05 ± 0.23 .398 

Abbreviations: BMI, body mass index; BMl-SDS, standard deviation score for BMI; MVPA, moderate-to-vigorous physical activity; SD, standard deviation; 

T IS ratio, relative telomere length. 
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TA BLE 2 Changes in anthropometric and dietary outcomes alter a lifestyle intervention in children with abdominal obesity 

Changes at 0-2 months Changes at 0-12 months 

1 ntervention group Usual care group lntervention group Usual care group 
(n• 64) (n • 23) (n •64) (n • 23) 

Mean (9 5% CI] 

Weight(kg) - 2.77 (-3.24, -2.27) ... -2.06 (- 3.19, -0.94) .. l.05 (-0.29, 2.38) 2.66 (0.59, 4.74)" 

BMl-505 - 0.57 1- 0.66, - 0.48)' .. - 0.49 (- 0.80, - 0.18) .. - 0.57 (- 0.79, - 0.35) ... -0.49 (- 0. 70, --0.28)' .. 

Waist Circumference (cm) -4.18 (-5.12, - 3.25)" .. -4.81 (- 6.40, -3.21) ... - 2.38 (-3.73, - 1.04)" .. - 2.47 (- 5.18, 0.24) 

Fat mass(%) -2.65 (-3.21, -2.08)' .. , # -1.53 (-2.24, --0.81) ... -3.21 (-4.65, -1.78)" .. -1.93 (-3.84, -0.02)" 

Energy intake (kcal/d) - 771.841- 935.85, - 798.64 (- 1053.32, -486.29 (- 649. 75, - 504.211- 927.94, 
-607.83)' .. -543.95)" .. -322.82)' .. -80.48)" 

Carbohydrate (% Energy) 2.02 (0.34, 3.71)" 0.69 1-5.01, 6.39) 1.28 (- 0.79, 3.35) 1.63 (-3.94, 7.21) 

Protein (% Energy) 3.88(3.l1, 4.65)" .. 3.51(2.10, 4.91)" .. 2.00 (1.25, 2.75) ... 3.35 (l.74, 4.96)" .. 

Fat (% Energy) - 5.901- 7.50, -4.30)' .. , # 0.15 (- 4.36, 4.66) - 3.31 (- 5.41, - 1.22) .. -0.64 (- 5.07, 3.80) 

Note: Student's unpaired or paired t test was used for comparison between groups or within groop changes, respectively. Changes were calculated com
pared to baseline. Significan! change within group: • P value <.05, •• P value <.01 and ••• P value <.OC>l. Significan! change between groups: • P value <.05, 
•• P value <.01 and ### P value <.001. 

Abbreviations: BMl-SDS, standard deviation score for BMI; CI, confidence interval. 

TA BLE 3 Changes in diet quality ind ices and related food items after a lifestyle intervention in children with abdominal obesity 

Change at 0-2 months Change at 0-12 months 

lntervention group Usual care group lntervention Usual e.are 
(n•64) (n • 23) group (n • 64) group (n • 23) 

MMn (95% CI} 

Total Die! Quality lndex 12.36 (10.09, 14.63)'", ## 5.53 (0.46, 10.60)' 7.34 (5.11, 9.58)'" 5.60 (1.93, 9.27)" 
(DQl-A, - 33% to 100%) 

Dietary Quality DQl-A 30.55126.70, 34.40)"', # 21.37 (13.35, 29.38)"" 17.71113.36, 22.06)"" 17.24110.37, 24.11)""' 
(DQ, -100% to 100%) 

Dietary Diversity DQl-A 0.98 (-3.59, 5.54)# -8.701-18.12, 0.73) 0.39 (-4.43, 5.21) -4.35 (-13.07, 4.37) 
(DO, O to 100%) 

Dietary Equilibrium DQl·A 5.56 (4.17, 6.95)" .. 3.91 (1.76, 6.07) .. 3.93 (2.43, 5.44) ... 3.91 (1.39, 6.43) .. 
(DE O to 100%) 

Healthy Lifestyle Diet lndex 4.43 (3.56, 5.31)"", ### 1.09 (-0.75, 2.93) 2.85 (l.94, 3.76)"" l.73 (-0.38, 3.84) 
(HLD-1, O to 38) 

Fruit(g/d) 68.39 (9.86, 126.93)' 1.62 (-109.89, 113.13) -0.36 (-47.88, 47.17) -1.57 (-96.93, 93.79) 

Vegetables (g/d) 68.06 (26.63, 109.48)" 54.48 (-55.49, 164.46) 60.41 (23.84, 96.98)" 61.57 (-19.13, 142.27) 

Fish and seafood (g/d) 25.94 (16.68,35.19)"', # 4.53 (- 13.35, 22.41) 15.95 (3.88, 28.02)" 9.78 (-5.52, 25.08) 

Total grains (g!d) -50.05 (-78.17, -21.93)"' -87.301-141.88, -32.73)" -19.941-46.91, 7.03) -40.53 (-98.49, 17.44) 

Whole grains (g/d) 23.36 (3.92, 42.81)' 41.24 (9.87, 72.62)' 6.95 (- 13.39, 27.29) 16.93 (3.ll, 30.75)' 

Total dairy products (g/d) 158.34 (103.67, -41.67 (-134.07, 30.37 (-27.83, 88.56) -18.32 (-93.40, 56.76) 
213.00)'". ### 50.74) 

Low or no-fat (g/d) 259.47 (205.67, 60.42 (-14.00, 134.84) 101.74 (46.39, 157.10)'" 82.36 (3.59, 161.13)' 
313.26)' ... ### 

Total meat and legumes (g/d) -32.43 (-58.05, -6.81)' -24.11 1-56.60, 8.38) - 19.131-42.98,4.71) - 19.84 (-40.23, 0.55) 

Lean meat and legumes (g!d) 8.07 (-2.43, 18.58) -5.601-28.32, 17.11) 15.37 (5.80, 24.93)" -1.09 (-23.92, 21.73) 

5weets (g/d) -58.10 (-74.17, -42.03)' .. -56.88 (-89.91, -23.84) .. -41.11 (-55.77, -26.45)"' -52.97 H!9.38, -16.57)" 

Regular soft drinks (g/d) -57.36 (-76.38, -38.34)' .. -38.34 (-179.18, 30.19) -46.24 (-63.42, -29.o5r .. -73.38 (-159.68, 12.93) 

MVPA (min/d) 5.90 (0.44, 11.35)• - 1.27 (- 13.83, 11.30) 2.27 (- 4.90, 9.44) 12.97 (- 5.72, 31.67) 

Note: Student's unpaired or paired t test was used for comparison between groups or within groop changes, respectively. Changes were calculated com
pared to baseline. Significant change within group: • P value <.05, •• P value <.01 and ••• P value <.001. Significant change between groups: • P value <.05, 
•• P value <.01 and ### P value <.001. 
Abbreviations: CI, confidence interval; MVPA. moderate-to-vigorous physical activity. 
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respectively) and fat rnass (- 3.21%, P < .0 01 and - 1.93%, 

P = .048 units for intervention and usual care groups, respectively) 

was observed with no significant ditferences between the groups. 

Furtherrnore, the intervention subjects significantly reduced waist cir· 

cumference (- 2.38 cm, P = .001). and usual care subjects significantly 

increased body weight (+2.66 kg, P = .014) at 12 months. 

Alter the intervention (2 or 12 months vs O month), a reduction in 

total energy intake (P < .OS) and an increase in protein intake (P < .001) 

was found in both groups. Notably, the reduction in fat intake was 

higher in the intervention group as compared with usual care subjects in 

the imensive phase (- 5.90% vs ~.15%, P ~ .002). However, after 

12 months, fat intake significantly decreased in the intervention subjects 

(-3.31%, P = .024) but no significant ditferences were found between 

groups at the same time (- 3.31% vs - 0.64%. P = .220). 

Table 3 shows the changes in diet quality indices and related food 

items after the intervention. Total DQl·A and two of its categories, 

dietary quality and dietary equilibrium, were enhanced at the two time 

points of intervention, although the increase in total DQl-A (12.36% 

vs +5.53%, P = .005) and dietary quality (+30.55% vs +21.37%, 

P = .023) was higher in intervention subjects as compared with usual 

care subjects only at the end of t he intensive period (2 months). The 

intervention group significantly improved HLD-1 seores at rnonth 

2 compared with usual ca re subjects ( +4.43 vs + 1.09 points, P < .001). 

Although a significant improvement (+2.85 points, P < .001) was 

found in intervention subjects at 12 months, no differences between 

groups were found. At 2 rnonths, an improvement in HLD-1 was 

observed in intervention subjects mostly due to a higher consumption 

of fruit, vegetables and MVPA levels. lntake of fish and seafood, total 

and low or no·fat dairy product was greater in this group compared 

with the usual care group. In addition, both groups reduced total grain 

and sweet consumption, and increased whole grain intake. At 

12 rnonths, the intervention subjects increased vegetable, fish and 

seafood, low or no· fat product, lean meat and legume consumption, 

and decreased sweets and soft drinks. The usual care group increased 

consumption of whole grains and low or non-fat products, and 

decreased sweet intake. 

We analyzed changes in TL both within groups at 0·2, 2·10 and 

0·12 months, and between groups. We observed a significant change 

between 2 and 12 months (10 rnonths follow-up) in the intervention 

group (Table 4). 

Simple linear regressions were performed to assess the interna! 

validation of the TL measurements (Figure 52). Baseline TL was 

T A BLE 4 Changes in age-adjusted telomere length after a lifestyle intervention in children with abdominal obesity 

lnter1ention group (n = 64) 

Usual care group (n = 23) 

lntertention vs Usual care group 

WJthi1 groups 

Changes at 0- 2 months 

Mean (95% CI) 

-0.06 (- 0.13,0.02) 

0.01 (- 0.07, 0.09) 

Between groups 

Changes at 0-2 months 

Mean (95% CI) 

-0.07 (-0.20, 0.07) 

p 

.225 

.813 

p 

.406 

Changes at 2·12 months Changes at 0·12 months 

Mean (95% CI) p Mean (95% CI) p 

0.06 (0.01,0.12) .037 0.01 (-0.05, 0.07) .531 

0.03 (-0.08, 0.14) .531 0.04 (-0.03, 0.12) .248 

Changes at 2-12 months Changes at 0-12 months 

Mean (95% CI) p Mean (95% CI) p 

0.03 (-0.08, 0.14) .722 - 0.03 (- 0.15, 0.08) .597 

Note: Student's unpaired or paired t test was used for comparison between groups or w~hin group changes, respectively. Bold signifies P value <.05. 

(a) Usual Cut Group lolen-eotioo Grnup (b) l."sua.I Cue Croup la1en·en1loo Group 
B•..0.007(..0.017, 0.001); R:• O.Cn:?; p-(t.193 B• 0.008 (0.002, 0.013); R1• 0.06S; p-0.03.C 9• ..O.OU(..0.039, 0.012); R:• 0 . .&20;. p-0.271 8 • 0.0.?-i (0.00$, O.O.O}; R:• 0.02.&; ,-0.011 

p-vahle intttaction for ¡.roup-0.012 JM'alue inter.K:tiou for IJOup- 0.002 

. 
·~··· .. .. . . . . ·. 

-20 20 40 -20 20 40 -5 10 15 -5 10 15 
d DQJ-A score (0-2 momhs) ~ HLD-1 score (0-2 momhs) 

FIGURE 2 Association between change (0· 2 months) in Diet Quality lndex A, and Healthy Lifestyle Diet lndex B, and change in age·adjusted 
telomere length (2-12 months). *Multiple linear regression analysis adjusted for sex 
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positively associated (P < .001) with TL at 2 months (Figure 52A) and 

12 months (Figure 528). In addition, changes in TL between baseline 

and 2 (Figure 52C) or 12 months (Figure 520) were negatively associ

ated (P < .001). 

Multivariate regression models were fitted to evaluate whether 

the changes in dietary indices in the intensive phase (the first 

2 months) were able to predict changes in TL during the 10 months of 

fallow-up (2-12 months). We faund that higher changes in DQl·A 

(b = 0.008, 95% CI 0.002 to 0.013, P = .010) and HLD-1 (b = 0.024, 

95% CI 0.005 to 0.043, P = .011) predicted longer TL only in the inter

vention subjects after adjusting far sex (Figure 2A, B, respectively). 

5ignificant interactions were faund in the association between TL and 

diet quality indices (DQl·A, b = 0.012, 95% CI 0.003 to 0.021, P far 

interaction = .012; HLD-1, b = O.OSO, 95% CI 0.022 to 0.078, P far 

interaction = .002) when the usual care subjects were compared with 

the intervention group (Figure 2A. B). 

4 DISCUSSION 

To our knowledge, this is the first study to evaluate the association 

between positive changes in two diet quality indices and favourable 

changes in TL in children and adolescents with abdominal obesity. 

Our intervention was able to improve anthropometric and lifestyle 

parameters after 12 months of follow-up, with greater benefit far 

!hose in the intervention group in the first 2 months corresponding to 

the intensive phase. 

Notably, we faund longer telomeres in the follow-up period 

(2-12 months of intervention), which were associated with an 

improvement in diet and lifestyle quality indices in the intervention 

group at 2 months. 

This study dernonstrates the beneficia! effects of a lifestyle inter

vention in paediatric subjects with obesity, in line with studies per

formed in children and adolescents with a similar age range6
-
17 induded 

in two Cochrane systematic reviews.44
·
4 s lt is worth to highlighting that 

a decrease of more than 0.25 in BMl-505 did reduce cardiovascular risk 

factors.46 Our lifestyle intervention achieved a significant reduction in 

adiposity (higher than 0.25) which could reduce cardiovascular risk. In 

addition, we observed a greater improvement in diet quality and physi

cal activity levels in those participants errnlled in the intervention group 

as has been the case in other intervention studies. 27.47-49 

Most studies that have evaluated the association between 

healthy lifestyle habits and TL are cross-sectional analyses, which 

have not been able to consider cause and effect. There are only three 

studies that have analyzed the possible effect of lifestyle interven

tions on TL in subjects with obesity.8·
50·s1 In adults, Masan et al faund 

no change in TL after 12 months in postmenopausal women affected 

by overweight and obesity .s1 In contras!, 194 adults affected by obe

sity participated in a 5.5-month lifestyle intervention and in those 

who maintained or lost 10% or more of body weight, longer TL was 

observed after 12 months.50 In 5panish adolescents with overweight 

or obesity, García-Calzón et al faund longer TL after a multí

disciplinary program.8 Telomere lengthening could be explained by 
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mechanisms involved in the reduction of biological stress (inflamma

tion or oxidative stress)3.4 or the redístribution in circulating immune 

cells including diverse populations, such as large numbers of younger 

cells with longer telomeres.52·53 

In line with previous studies in paediatric populations·s·9·
54 we 

found a negative association between TL and age at baseline and at 

2 months. However, the relatively small sample size or the effects of 

the intervention could favour the lack of relationship between TL and 

age after 12 months of lifestyle intervention. 8 

In contras!, we assessed diet quality using dietary indices, which 

allow us to evaluate the possible synergistic effect of daily consumed 

dietary pattern and their potential association with TL To our knowl

edge, no previous study has evaluated the effect of overall diet quality 

on TL in children with abdominal obesíty. In adults, a few cross

sectional studies facusing on dietary indices and TL are available, but 

have yielded controversia! findings.19
-
24 Higher adherence to a quality 

diet, measured by five different indices, was associated with lower risk 

of shorter TL in an elderly 5panish population 24 However, an associa

tion between diet quality and TL was only faund in women in two 

large U5 cohort studies.19·20 No association was observed between 

diet quality and TL in other three cross-sectional analyses in adult 

populations.21-23 

In our study, changes in TL between 2 and 12 months of fallow-up 

in intervention sul:iects were associated with the improvement of diet 

quality in the intensive period of lifestyle intervention (0-2 months). Dif

ferences in effects could show the effectíveness of the intensíve períod 

in which the intervention group under a moderate hypocaloric Mediter· 

ranean style diet achieved a greater adherence to the diet quality (DQl

A + 7.03%) and lifestyle index (HLD-1 + 3.34 points) than the group 

under standard paediatric recommendations. 

The main strengths of our study are the following: (a) dietary data 

were collected by trained díetitians; (b) the longitudinal design allowed 

us to measure TL at three poínts; (c) measurements in children were 

not affected by chronic obesity-related disorders; (d) children wíth 

abdominal obesity achieved an improvement in lifestyle parameters 

accompanied by significan! weight loss (~O.S BM l-505). On the other 

hand, there are sorne limitations to the present study. The limited 

sample size could explain the lack of ability to detect small effects of 

the intervention. The original diet quality índices have been slightly 

modified dueto lack of information on water consumptíon and screen 

time far ali subjects. However, both indices were analyied in the same 

population and they were good indicators of micronutrient ade· 

quacy.27 Besides, 5teenstrup et al indicated that studies focusing on 

TL should pay meticulous attention to the protocol and method used 

to measure TL ss In line with this, we have considered several points 

to reduce potential measurement error: TL was measured by 

MMqPCR, in which the quantificatíon of telomeres and the sngle 

copy gene was performed in a single reaction; DNA samples 

corresponding to different time points (basal, 2 and 12 months) were 

run by triplicate on the same plate. 

In conclusion, we show that the improvement in diet-lifestyle 

quality indices was a predictor of longer TL in children and adoles

cents with abdominal obesity enrolled in a lifestyle intervention. Our 
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Figure S1. Flow chart of study participants. UCG: Usual Care Group; IG: Intervention Group. 

 
 
 
 

Table S1. Correlation between TL and age at each time 
point of the lifestyle intervention in children with 
abdominal obesity. 

 Age 

Telomere Length r P 

At baseline -0.193 0.034 
At 2 months -0.196 0.039 

At 12 months -0.035 0.743 
 

Pearson’s correlation coefficients 
 

 



Results (Chapter 3) 

90 

 

 
 
 
Figure S2. Simple linear regression between TL at baseline and two points of follow up (2 months S2A and 12 months S2B), 
and changes after 2 months (S2C) or 12 months (S2D) of intervention. 
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ABSTRACT 

The purpose of this study was to assess the effect of physical activity (PA) changes, measured by accelerometry, on telomere 

length (TL) in pediatric patients with abdominal obesity after a lifestyle intervention. 121 children with abdominal obesity (7-

16 years old) were randomized to the intervention (moderately hypocaloric Mediterranean Diet) or usual care group (standard 

pediatrics recommendations) for 24 months (a 2-month intensive phase and a subsequent 22-month follow-up). Both groups 

were encouraged to accumulate extra 200 min/week of PA. TL was measured by MMqPCR. Data were analyzed in 102 

subjects after 2-month and 64 subjects at the first 10 months of follow-up. Light PA level decreased in both groups after 12-

month of intervention. At month 2, moderate-to-vigorous PA (MVPA) incremented in the intervention group (+5.4 min/day, 

p=0.035) and so did sedentary time in the usual care group (+49.7 min/day, p=0.010). TL changes were positively associated 

(p<0.050) with metabolic equivalents (METs), MVPA level and number of steps; and inversely associated with sedentary and 

light PA levels in the intervention group after the intensive phase. In conclusion, favourable changes in PA levels in the 

intensive phase of a lifestyle intervention could contribute to TL maintenance in pediatric population with abdominal obesity. 

Keywords: lifestyle intervention, accelerometer, physical activity, telomere length, childhood obesity, adolescents.  

Novelty 

 Changes in physical activity levels had a direct effect on telomere length, a biomarker of cellular aging and 

oxidative stress. 

 PA advice based on The American College of Sports Medicine included in this intervention is easy to implement in 

primary care.  

 

INTRODUCTION 

Telomeres are nucleoprotein structures at the ends of chromosomes that protect them to the DNA damage. In mammals, 

telomeres are non-coding tandem sequences of TTAGGG (Kirchner et al. 2017) that shorten in each cell cycle, reaching a 

minimum critical size that induces cell senescence and apoptosis (Xi et al. 2013). Telomere shortening is influenced by 

genetic factors, however, a wide range of non-genetic factors including oxidative stress and inflammation have been linked to 

shorter telomere length (TL) (Coluzzi, Leone, and Sgura 2019; Starkweather et al. 2014; Turner, Vasu, and Griffin 2019). 

Obesity, characterized by a low degree of chronic inflammation and high oxidative stress (Ruiz-Ojeda et al. 2018), has been 

related to TL in multiple studies (Gielen et al. 2018; Welendorf et al. 2019), even in pediatric populations (Al-Attas et al. 

2010; Buxton et al. 2011). In intervention studies, changes in TL have been associated with adiposity indexes and metabolic 

features in adults (S. García-Calzón et al. 2014; Mason et al. 2013, 2018) and children (Sonia García-Calzón et al. 2014; 

Morell-azanza et al. 2019) with obesity. 

It is well known that the energy imbalance is the main risk factor for childhood obesity (Lanigan 2018), which has become an 

epidemic worldwide, including Spain where 2 out of 5 children have overweight or obesity (World Health Organization 
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2018). PA seems to reduce the risk of several chronic conditions (Anderson and Durstine 2019; Carson et al. 2017; Saunders 

et al. 2016), including obesity, by an increase in energy expenditure. Therefore, lifestyle programs that reinforce active 

behaviours are considered promising strategies (Al-Khudairy et al. 2017; Mead et al. 2017) in facing the epidemic. Studying 

this same population, we have previously reported that changes in the levels of moderate to vigorous physical activity 

(MVPA) were associated with favourable changes in serum levels of leptin after the 2-month intensive phase of the 

intervention (Morell-Azanza et al. 2019).  

Several cross-sectional analyses reported positive linear associations between PA levels and TL in adults (Cherkas et al. 

2008; Du et al. 2012; Edwards and Loprinzi 2016; Latifovic et al. 2016; Saßenroth et al. 2015), and a 6-month intervention 

randomized controlled trial in elder people reported the reducing sitting time during weekdays was positively associated with 

TL in the intervention group (Sjögren et al. 2014). Nevertheless, the evidence on the association between TL and PA in 

children is scarce (Arsenis et al. 2017; Mundstock et al. 2015) and inconsistent (Lee et al. 2011; Zhu et al. 2012). 

Thus, the aim of study was to assess whether changes in objectively measured PA after a lifestyle intervention was associated 

with TL in children with abdominal obesity. 

SUBJECTS AND METHODS 

Participants 

The IGENOI study (Intervention of Grupo Estudio Navarro de Obesidad Infantil) from Navarra, is a randomized controlled 

trial (ClinicalTrials.gov, Identifier: NCT03147261) consisting in a two-year family-based lifestyle intervention involving 121 

children and adolescents (7-16 years old) with abdominal obesity defined as a waist circumference above 90th percentile, 

according to national reference chart (Fernández et al. 2011). Participants were recruited from the Paediatric Endocrinology 

Units at both Clínica Universidad de Navarra and Complejo Hospitalario de Navarra and Health Primary Care Centres in 

Pamplona. Exclusions criteria were pre-diabetes, food intolerance, eating disorder or psychiatric disease, pharmacological 

treatment, regular alcohol consumption or special diet treatment.  

From the initial screening of 126 children, five of them did not meet the inclusion criteria. One hundred and twenty-one 

participants were randomized to the usual care or the intervention group with a 1:3 ratio. One hundred and fourteen subjects 

successfully finished the firsts 8 weeks (dropout rate 6.5%). Available data of both objectively measured PA and TL were 

obtained from 102 participants (75 intervention and 27 usual care subjects). Sixty-two participants (48 intervention and 16 

usual care subjects) with complete available data of objectively measured PA and TL both at baseline and after 12 months 

were analyzed (Figure 1).  

This randomized control trial was designed to understand the effect of lifestyle change and biological factors on genetic and 

epigenetic factors involved in obesity development. The primary outcome of the IGENOI study was to assess the 

effectiveness of the lifestyle interventions based on BMI-SDS values. Changes in BMI-SDS are the main outcome since 

successful interventions should decrease BMI-SDS near 0.5 units in order to reduce cardiometabolic risk (Ford et al. 2010). 

Taking this information into consideration, sample size was based on the following assumptions: an error of 5%, a power of 
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90%, a 1:3 ratio and a mean difference of 0.50 (SD 0.47) units in BMI-SDS after the lifestyle intervention. According to it, 

13 and 39 subjects were needed for usual care and intensive care group, respectively. 

Ethics approval 

The Research Ethics Committee of the University of Navarra (044/2014) approved the study protocol performed in 

accordance with ethical standards laid down in the Declaration of Helsinki (Fortaleza, Brazil, October 2013). Informed assent 

was obtained from every child under 12 years old and participants above 12 years old and all the participants´ parents or legal 

guardians signed an informed consent according to the Helsinki declaration. 

Study design 

Lifestyle intervention was carried out by a multidisciplinary team consisting of dieticians, pediatricians, PA experts and 

nurses. It comprised a 2-month intensive phase with a follow-up period of 22 months. In this study, we present data from the 

intensive phase (2 months) and the first 10 months of follow-up.  

During the intensive phase, participants assigned to the intervention group were prescribed to follow a fixed fully-day meal 

plan consisting on a moderate hypocaloric Mediterranean diet, as described elsewhere (Ojeda-Rodríguez et al. 2018). 

Schofield equation, specified to age and sex (Schofield 1985), was used to calculate their energy expenditure. Energy 

restriction ranged from 10 to 40% depending on the nutritional status defined by the standard deviation score of Body Mass 

Index (SDS-BMI) (Marqués et al. 2012) without interfering with children’s growth. Families in the intervention group 

attended six 30-min individual sessions with a dietician every 2 weeks to evaluate the adherence to the diet and assess 

anthropometric measurements. In this intensive phase, families in the intervention group also assisted to a group session 

leaded by dieticians to discuss important topics such as eating behaviour, decreasing sedentary lifestyle and being a 

physically active person and obesity related problems. On the other hand, usual care subjects had one 30-min individual visit 

at baseline where they received standard pediatric recommendations on healthy diet.  

Anthropometric parameters were measured by trained staff and following the standardized protocols. Subjects were barefoot 

and wearing light clothes. Weight and fat mass were measured using a digital scale (BC-418 Segmental Body Composition 

Analyzer, TANITA, Tokyo, Japan). Height was measured with a Harpenden’s stadiometer of 1 mm precision (Seca 220, 

Vogel & Halke, Hamburg, Germany). BMI was calculated as the ratio of weight by height squared (kg/m2). BMI was 

converted into standard deviation of BMI (BMI-SDS) according to the specific values for sex and age derived from Spanish 

reference charts (Fernández et al. 2011). Waist circumference was measured with a non-stretchable measuring type (type 

SECA 200). Pediatricians evaluated the pubertal development using Tanner staging (Tanner and Whitehouse 1976).  

Physical activity 

According to The American College of Sports Medicine (Donnelly et al. 2009), all participants were encouraged to 

accumulate 200 min/week of PA at 60-75% of their maximum heart rate. A triaxial accelerometer (Actigraph wGT3X-BT, 

Actigraph LLC, Pensacola, FL, USA) worn around the non-dominant waist provided objectively measured PA and sedentary 

time. It was assessed over four consecutive days (two weekdays and two weekend days) at each data collection visit (at 



Results (Chapter 4) 

95 

 

baseline, at 2 months and a 10 months of follow-up) (Morell-Azanza et al. 2019). Participants and their parents were 

instructed on wearing the accelerometer and removing it for water-related activities. Metabolic equivalents (METs) were 

analyzed according to Freedson et al. (2005) (Freedson, Pober, and Janz 2005). Total PA was calculated as five times 

weekdays plus two times weekend days and dividing the result by seven. Data were collected in 60-s periods by the 

accelerometer and processed by ActiLife 6.0 software (Actigraph LLC, Pensacola, FL, USA). PA intensity was categorized 

based on the counts per minute (CPM) using validated cut-points (Evensons) for children and adolescents (Evenson et al. 

2008): sedentary time (<100 CPM), light PA (101-2295 CPM), moderate to vigorous PA (MVPA, >2296 CPM). Sedentary 

time and light PA have also been analyzed as one category (<2295 CPM). 

Telomere length assessment 

TL was measured at baseline and at the end of intensive phase (2-months) and at the end of the follow-up period (12-months) 

in genomic DNA extracted from the buffy coat (MasterPure DNA purification kit for Blood Version II, Epicenter 

Biotechologies, Madison, WI, USA). A monochrome multiplex real-time quantitative PCR (MMqPCR) method (Cawthon 

2009) was applied to measure TL. In a single reaction, the quantification of the relative copy numbers of telomeres (T) and a 

single copy gene (s) was performed. In this way, relative measurement of TL is determined as T/S ratio. PCR were performed 

on clear, 384-well plate in a CFX384 Touch Real-Time PCR system (BioRad, Ca, USA).  

QuantiTect Syber Green PCR kit (Qiagen, Valencia, CA, USA), telomeres primer pairs (concentrations 900 nM), albumin 

primer pairs (concentrations 900 nM; Sigma Aldrich, St. Louis, MO, USA; purified by high-performance liquid 

chromatography) and ultrapure water was used as master mix. The primer sequences were telg (5’-

ACACTAAGGTTTGGGTTTGGGTTTGGGTTTGGGTTAGTGT-3’), telc (5’-

TGTTAGGTATCCCTATCCCTATCCCTATCCCTATCCCTAACA-3’), albu (5’- 

CGGCGGCGGGCGGCGCGGGCTGGGCGGAAATGCTGCACAGAATCCTTG-3’) and albd (5’-

GCCCGGCCCGCCGCGCCCGTCCCGCCGGAAAAGCATGGTCGCCTGTT-3’). 

A 7-point standard curve made from reference DNA samples was included for each plate using a 2-fold dilution series of 

DNA ranging from 150 to 2.34 ng/µL. Calibrate curve linearity R2 > 0.98 was accepted. For quality control, all samples were 

run in triplicate and were rerun when showed a variation > 10%. In addition, the two DNA samples (at baseline and at 8 

weeks) of each subject were run in the same plate.   

The interclass correlation coefficient was estimated to be 0.79 (95 CI% 0.71, 0.86) values between 0.7-0.8 indicate good 

reliability (Koo and Li 2016).  

Statistical analysis 

STATA 12.0 for Windows (version 12.0, College Station, TX: StataCorp LP, USA) was used for statistical analyses. TL data 

was log transformed to follow a normal distribution and was adjusted for age using the residuals method (Willett 1998). 

Paired and unpaired t-tests were used to compare changes within groups or between groups, respectively. Analysis of 

covariance (ANCOVA) was performed to assess changes in METs and CPM variables between the usual care and 
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intervention group after adjustment for the studied variable at baseline (due to significant differences at baseline between 

groups). For each participant, the change in each variable was calculated as the difference between baseline and at 2 or 12 

months. 

Multiple linear regression analyses were fitted to estimate associations between TL and PA accounting for potential 

confounders (sex, age, change in SDS-BMI and the corresponding variable at baseline). The level of statistical significance 

was p<0.05.  

The sample size calculation indicated that 13 and 39 subjects were needed for the usual care and the intervention group, 

respectively. The estimation was based on the following assumptions: an error of 5%, a power of 90%, a 1:3 ratio, and a 

mean difference of 0.5 (SD 0.47) in BMI-SDS after the intervention, as we have reported previously (Morell-Azanza et al. 

2019). The differences in the size of both groups are based on their different needed and limited resources. Childhood obesity 

is currently a public health problem and a high number of subjects could benefit from the intensive intervention (Knop et al. 

2015; Morell-Azanza et al. 2019). A computer-generate randomization following standardized protocols was used to 

randomization.  

RESULTS 

Objectively measured PA was collected from 122 children (11.3 years old, 64% females) with abdominal obesity (waist 

circumference 86.81±11.10 cm). Clinical parameters, anthropometric measurements, energy intake, PA variables and age-

adjusted TL at baseline are shown in Table 1. Due to randomization, no significant differences between groups were 

observed for most of the parameters at baseline. Nevertheless, METs and CPM were significantly lower in the intervention 

group (n=75) compared to usual care group (n=27).  

Effectiveness of the lifestyle intervention 

Changes in parameters measured after 2 (intensive phase) and 12 months of follow-up are detailed in Table 2. At month 2, 

anthropometric measurements significantly reduced (p≤0.001) in both groups with a greater fat mass decrease in children in 

the intervention (p=0.049) group. After 12 months, BMI-SDS was significantly reduced in both the intervention (-0.66 units; 

p<0.001) and the usual care groups (0.56 units; p<0.001) and so did the percentage of fat mass (-3.59% p<0.001 and -2.81% 

p<0.05 for intervention and usual care groups, respectively), but waist circumference was reduced only in the intervention (-

2.62 cm, p= 0.002). Total energy intake was similarly reduced (p<0.001) in both groups after 2 months of lifestyle 

intervention and at the end of follow-up. Regarding TL, no significant within-subject differences were observed either at 2 or 

at 12 months of follow-up.  

Changes in PA after the lifestyle intervention 

Regarding to change in PA parameters at month 2 (Table 2), METs decreased (p<0.05) in both groups. Interestingly, subjects 

in the intervention group significantly reduced light PA (-26.4 min, p=0.029) accompanied by an increase in MVPA (5.4 min, 

p=0.035). On the other hand, subjects in the usual group showed a significant reduction in light PA (-49.7 min, p=0.004) and 

an increase in sedentary time (49.7 min, p=0.010). After 12 months, subjects in the intervention group showed a decreased in 
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sedentary and light PA (-38.1 min, p= 0.040), and the usual care group maintained a significant reduction of light PA (-47.3 

min, p= 0.012), but between groups comparison of changes in PA at the end of follow up were no significant.  

Associations between PA and TL 

Finally, multivariable-adjusted models were used to assess the association between changes in PA and changes in TL after 

the intensive lifestyle intervention (Table 4). Statistically significant associations were found for children in the intervention 

groups at the end of the intensive phase, but not after the end of follow-up (data not shown). Notably, each increase of 1 MET 

in the PA level was independently associated with a 26-units increase in TL, measured as the ratio T/S. Moreover, we 

observed that the model that account for the METs explained up to 58% of the variability in TL 

Moreover, we found that a 30-minute reduction in sedentary and light PA or a 30-minute increase in MVPA were associated 

with a significant increase of TL after adjusting for sex, age, corresponding variables at baseline and change in BMI-SDS (b= 

0.078; 95% CI 0.019, 0,135 for light-sedentary PA and b= 0.079; 95% CI 0.013, 0.145 for MVPA) explaining, each of the 

model, a 60% of the variability in the TL.  

Finally, we observed that, increasing daily steps in 1000 showed a direct and independent association with TL (b=0.019; 95% 

CI 0.003, 0.035) in a model that explained a 58% of the variability in the outcome.  

DISCUSSION 

In this 12-month randomized controlled trial in children with abdominal obesity, we observed that an increase in METs, time 

of MVPA and the number of daily steps was directly associated with TL in the intervention group after the 2-month intensive 

phase. On the other hand time of light PA and sedentary activities was inversely associated with TL in that same period. In 

this trial, both groups lowered the time of light PA and improved anthropometric measurements, with a higher reduction in 

the percentage of fat mass in the intervention group after the intensive phase.  

Previous reviews and meta-analyzes have assessed different intervention to prevent and treatment obesity in children. 

Multidisciplinary interventions involving a dietary program, improvement of PA and family involvement showed a greater 

impact (Al-Khudairy et al. 2017; Mead et al. 2017; Waters et al. 2014) than these focused in one single area. Based on the 

idea that 0.25-change in BMI-SDS were associated with metabolic improvements in children with obesity (Reinehr 2013), 

Waters et al. concluded that programs were effective when achieving a reduction of -0.15 in BMI-SDS (Waters et al. 2014). 

After 12 months of follow-up, we observed a reduction of 0.66 BMI-SDS in the intervention group and of 0.56 BMI-SDS in 

the usual groups, which supports the effectiveness of the lifestyle intervention.  

We observed a beneficial effect of the 2 month-intensive phase of the intervention, but that benefit was not maintained in the 

long term. According to the literature (Mead et al. 2017; Reinehr 2013), healthy lifestyles are difficult to keep for long time, 

especially without the support of a multidisciplinary team (pediatricians, nutritionists, PA expert and nurses). The permanent 

pressure of an obesogenic environment demands sustained interventions to achieve long lasting behavioural changes (Mead 

et al. 2017). 



Results (Chapter 4) 

98 

 

In children, accelerometry have been considered the most valid method of evaluating PA levels (Konstabel et al. 2014), 

however, few randomized controlled trials have used objective techniques to evaluate changes in PA after a lifestyle 

intervention in children with overweight or obesity. Some authors have not found significant changes in MVPA and 

sedentary time in children at the end of 3 (Davis et al. 2013), 6 (Alexy D. Arauz Boudreau et al. 2013) or 12 months (Taylor 

et al. 2015) lifestyle intervention. In contrast, Hughes et al. observed differences in total PA and light PA in intervention 

subjects under a 6-month intervention based on traffic light diet and PA advices (Hughes et al. 2008). In addition, Serra-Paya 

et al. observed that MVPA levels were improved in intervention subjects at the end of 8-month intensive intervention (PA 

sessions, theoretical and practical family sessions, behaviour sessions and extra weekend activities) (Serra-Paya et al. 2015). 

In line with these findings, we observed an increase in MVPA and a decrease in light PA levels after the intensive 2-month 

phase in children in the intervention group. This difference is probably related with the intervention itself, since beside the 

individual visits, children in the intervention groups could reinforce ideas related to the importance of active behaviour in the 

group session, while children in the control group had one single individual visit at the intensive phase.  

To our knowledge, this is the first intervention study that evaluates the association between PA and TL in children with 

abdominal obesity enrolled in a 12-month lifestyle intervention trial. We found that the increment in METs, time of MVPA 

and daily steps, as well as a decrease in time of sedentary/light PA were associated with changes in TL in the intervention 

group at the end of the 2-month intensive phase (2 first months). 

As opposed to an acute exercise, continuous and regular practice of PA has beneficial effects on the inflammatory balance, 

which may explain the direct association with TL (Gomes, Silva, and Oliveira 2012; Gondim et al. 2015). However, in the 

scientific literature, the association between TL and PA remains unclear. In adults, cross-sectional analyses reported that 

people with intermediate levels of self-reported PA had longer telomeres in comparison to people with sedentary habits 

(Cherkas et al. 2008; Du et al. 2012; Edwards and Loprinzi 2016; Latifovic et al. 2016) or even with more intensive PA, 

showing an inverted “U” association (Ludlow et al. 2008; Savela et al. 2013). Nevertheless, it must be acknowledge that 

other study in adult population found no association between self-reported PA (Bekaert et al. 2007; S. García-Calzón et al. 

2014; Song et al. 2010) and objectively measured PA (Von Känel et al. 2017). Two cross-sectional studies in children 

reported no relationship between self-reported PA and TL (Lee et al. 2011), but Zhu et al. showed a positive association 

between objectively measured vigorous PA and TL in girls aged 14-18 years (Zhu et al. 2012). Moreover, there are 3 

randomized controlled trials (Mason et al. 2013; Shin et al. 2008; Sjögren et al. 2014) in adults with overweight or obesity 

that evaluated the association between PA and TL. Sjögren et al. observed similar measures of TL in control and intervention 

groups, but an inverse correlation between sitting time and TL in the intervention group (Sjögren et al. 2014). In contrast, the 

other two studies found no association between PA and TL (Mason et al. 2013; Shin et al. 2008).  

The main strengths of this study are the use of accelerometers to obtain objectively measured PA measurements and of the 

novel technique (MMqPCR) to measure TL. Other important strength is the longitudinal design and the effectiveness of our 

intervention. On the other hand, some limitations must be acknowledged. The limited sample size could explain the small 
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effect of the intervention on PA levels and the lack of association with TL in the usual care group. The between groups 

differences in variables related to PA at baseline may limit our results. To account for it, METs and CPM were included in 

the statistical models as potential confounders.  

In conclusion, we found that higher PA levels were associated with changes in TL after the 2-month intensive phase of a 

lifestyle intervention in children with abdominal obesity. However, larger sample size studies are needed to confirm this 

effect.   
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Table 1. Baseline characteristics of children with abdominal obesity during the intervention. 

 

 
P-values for the comparison between groups. Abbreviations: BMI-SDS Standard deviation score for body mass index, CPM 
Counts per minute, LPA Light physical activity, MVPA Moderate-to-vigorous physical activity, PA Physical activity.  

 

 

 

 

 

 

 

 

 

 

All (n=102) Intervention Group (n=75) Usual Care Group  (n=27) 

  Percentage p 

Sex (%, M/F) 36/64 37/63 33/67 0.711 

Tanner stage (%, 1/2/3/4/5) 32/18/18/6/26 30/22/15/7/26 38/8/25/4/25 0.510 

 Mean  SD  

Age (years) 11.342.49 11.572.50 10.702.38 0.120 

Weight (kg) 66.9718.76 67.8419.26 64.5517.41 0.438 

Height (cm) 151.3113.15 152.1413.33 149.0312.58 0.294 

BMI (kg/m2) 28.614.39 28.644.43 28.524.37 0.900 

BMI-SDS 2.931.05 2.870.97 3.081.24 0.386 

Wais Circumference (cm) 86.8111.10 86.8011.01 86.8311.57 0.991 

Fat mass (%) 36.83 6.59 36.835.57 37.978.91 0.441 

Energy Intake (kcal/day) 2742.18616.80 2715.66616.79 2815.86622.43 0.472 

METs 1.540.20 1.510.18 1.610.21 0.018 

CPM 586.92184.57 563.51 182.69 651.94177.14 0.032 

Sedentary PA (min/day) 998.13 102.91 1007.97 106.34 970.8088.86 0.444 

LPA (min/day) 394.0597.46 383.95101.84 422.1079.16 0.081 

Sedentary+Light (min/day) 1,392.1834.57 1,391.9238.20 1,392.9022.10 0.900 

MVPA (min/day) 43.8123.47 43.0923.80 45.8122.88 0.608 

Steps (number/day) 10,2433087 10,0893120 10,6683014 0.406 

     

Telomere Length (T/S ratio) 1.100.30 1.110.32 1.080.25 0.736 



Results (Chapter 4) 

104 

 

Table  2. Change in clinical outcomes after lifestyle intervention in children with abdominal obesity. 

 
Values are means (CI 95%). p*: p-values for the comparison within group; p†: p-values for the comparison between groups. 
Abbreviations: BMI-SDS Standard deviation score for body mass index, CPM Counts per minute, LPA Light physical activity, 
MVPA Moderate-to-vigorous physical activity, PA Physical activity. Changes in METs and CPM were adjusted for 
corresponding variable at baseline 

 

 

 

Table 3. Linear regression between objectively measured physical activity and telomere length adjusted for sex, age, 

corresponding variables at baseline and change in BMI-SDS.  

 
Abbreviations: BMI-SDS Standard deviation score for body mass index, CPM Counts per minute, LPA Light physical 
activity, MVPA Moderate-to-vigorous physical activity, PA Physical activity. 
 

 

 

 

 Changes in Telomere Length 0-2 months 
 Intervention Group (n=75) Usual Care Group (n=27) 

Changes 0- 2 months β (CI 95%) R2 p β (CI 95%) R2 p 

METs 0.255 (0.033, 0.478) 0.580 0.007 -0.311 (-0.657, 0.036) 0.359 0.141 
CPM (30 counts) 0.007 (-0.000, 0.001) 0.599 0.162 -0.002 (-0.014, 0.010) 0.107 0.767 
Sedentary PA (30 min) -0.009 (-0.024, 0.007) 0.557 0.296 0.003 (-0.023, 0.030) 0.185 0.742 
LPA (30 min) 0.005 (-0.012, 0.022) 0.555 0.575 -0.009 (-0.040, 0.022) 0.143 0.498 
Sedentary+Light PA (30 min) -0.078 (-0.135, -0.019) 0.593 0.015 0.005 (-0.103, 0.112) 0.299 0.954 
MVPA (30 min) 0.079 (0.013, 0.145) 0.602 0.030 -0.008 (-0.120, 0.103) 0.280 0.958 
Steps (1000 number) 0.019 (0.003, 0.035) 0.582 0.035 0.002 (-0.027, 0.030) 0.137 0.874 
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Figure 1. Flowchart of study participants. UCG: Usual Care Group; IG: Intervention Group.
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SUMMARY 

Background: Shorter telomeres are associated with severa! age-related diseases, and lifesryle factors 
could influence this relationship. The aim of this study was to examine associations between salivary 
telomere length (11.) and diet quality using 5 evidence-based dietary indexes in an elderly (>55 years old) 
Spanish population of the SUN project (n = 886). 
Method: TL was measured using the quantitative real-time polymerase chain reaction. Age-adjusted 11. 
variable through residuals methods was used for ali analysis. Diet quality was assessed by the Prime Diet 
Quality Score (PDQS), Fat Quality lndex (FQI), Mediterranean Diet Adherence Screener (MEDAS), Dietary 
Approaches to Stop Hypertension (DASH) index and the Altemative Healthy Eating Index (AHEI-2010). 
Results: 11. did differ according to sex, smoking status, and dyslipidemia in elderly subjects of the SUN 
study. In addition, subjects wit h dyslipidemia (compared to absence of dyslipidemia) hada significantly 
higher risk (27% vs. 18%, p = 0.015) of short telomeres ( <percentile 20th). lnterestingly, a lower risk of 
having short telomeres was observed among participants in the top tertiles of t he following diet quality 
score PDQS, MEDAS and DASH compared to the bottom tertiles in eructe and adjusted models. Moreover, 
FQI and AHEI-2010 seores showed an inverse association with the risk of having short telomeres after 
adjustment for potential confounders (model adjusted for dyslipidemia interaction, p for trend = 0.025 
and 0.021, respectively; and model additionally adjusted for sex and smoking status, p for trend = 0.033 
and 0.029, respectively]. 
Conclusion: Adherence to high quality diet is associated to longer salivary 11. in our elderly Spanish 
population of the SUN study. 

© 2019 Elsevier Ud and European Society for Clinical Nutrition and Metabolism. Ali rights reserved. 

Abbreviations: TL Telomere Length; PDQS. Prime Diet Quality Score; FQI, Fat Quality lndex; MEDAS. Mediterranean Diet Adherem:e Screener; DASH. Dietal)' Approaches 
to Stop Hypertension; AHEl· 2010. Alternative Healthy Eating lndex: FFQ Food Frequency Q..¡estionnaire. 
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1. lntroduction 

In the twenty-first century, population aging is eonsidered one 
of the most meaningful social transformations, with faster growth 
than the young population (1 J. Aging is associated with an 
increased prevalence of chronic diseases and the progressive 
accumulation ofmultiple diseases, being considered the major risk 
factor for multimorbidity [2 ). In eonsequence, this demographic 
trend has a significant impact on health burden lead to change 
preventive actions and treatment of age-related diseases to 
improve the quality of life (3). Lifestyle habits [4- 7), and specif
ically dietary pattern (8- 13(, may have a positive impact on 
markers of oxidative stress and cellular aging such as telomere 
length (TL). 

Telomeres are repetitive DNA sequences of 5'-TTAGGG-3' that 
caps the end of chromosomes lead to maintain genomic DNA 
integrity ( 14 [. Over time, in each cell division nucleotides from 
telomeric sequences are lost and they beeome shorter. Oxidative 
damage and DNA stress are other mechanisms that eontribute to 
this telomere shortening. Thus, when n reaches a crit ica! degree, 
the ce!! loses its replication capacity leading to senescence and 
finally to apoptosis [ 15[. Consequently, TL has been eonsidered as a 
biological marker of age associated to age-related diseases ( 16, 17). 
Resides age and genetic factors, telomere shortening is influenced 
by modifiable factors such as diet (8,18 20), smoking (21 J, alcohol 
consumption [22,23), physical activity levels (4 ). and by severa! 
cardiovascular risk factors such as obesity, diabetes and dyslipide
mia [16,17). 

On the other hand, previous studies have evaluated the associ
ation between longer n and intake of foods or nutrients w ith 
antioxidant properties (6,24- 29). However, sorne findings are 
controversia! (18,30), partly dueto the synergistic interactions of 
nutrients and bioactive compounds since foods are consumed in 
complex eombinations daily, within the framework of a dietary 
pattern [8 J. In fact, the study of dietary patterns has emerged asan 
altemative approach, to examine the effect of human food habits on 
disease onset (8.31,32[. There are two mainly used approaches for 
characterizing dietary patterns. The posteriori analysis is aimed to 
identify dietary patterns data-driven of a population under study 
using principal component or cluster analysis (12,33,34). 
Commonly labeled posterio ri dietary patterns are the 'Western', 
'Prudent' or Mediterranean patterns. The a priori approach is able to 
describe a food pattern aceording to dietary reeommendations 
based on pre-defined criteria using dietary seores or indexes 
[ 35- 37). 

Until now, few studies have evaluated overall diet or dietary 
pattern as a factor that influences n. Thus, in middle-age and older 
adu lts, a Prudent dietary pattern was associated with TL after 10-y 
of follow-up [ 11 ). In three elderly population s that included men 
and women ( 13,38,39), using a priori analyses a greater adherence 
to a Mediterranean diet was associated with longer n only in 
women [ 13), in non-Hispanic whites (39) and in the total popula
tion (38). 

On the other hand, there are 5 studies evaluating the influence 
of severa! diet quality indexes on TI., three large eohort studies in 
the US and Finland [9,10.40) and two cross-sectional studies ( 41.42). 
Specifically, a positive association between Alternative Healthy 
Eating lndex (AHEl-2010) or Alternate Mediterranean Diet score 
and TL was found in 4676 healthy women (9). Moreover, in the 
NHANES study higher seores of AHEl-2010, Healthy Eating lndex 
(HEl-2010), Dietary Approaches to Stop Hypertension (DASH) diet 
and Mediterranean Di et Seo re were related to longer n but only in 
women [10). However, there was no association between these diet 
quality indexes and n in three cross-sectional analysis including 
middle-to-old adults [40- 42). 

Taking into consideration ali these previous findings 
(9,10.40- 42), the aim of the present investigation was t o evaluate 
the relationship between salivary n and overall diet quality, using 
a priori analyses with the following 5 evidence-based dietary in
dexes: Prime Diet Quality Seore {PDQS), Fat Quality lndex (FQI), 
Mediterranean DietAdherence Screener (MEDAS), DASH and AHEl-
2010 in an elderly Spanish population of the SUN study. Thus, we 
hypothesized that higher seores in diet quality indexes eould be 
associated with salivary longer telomeres. 

2. Materials and methods 

2.1. Study sample 

The Seguimiento Universidad de Navarra {SUN) Project is an 
ongoing, multipurpose, dynamic cohort of Spanish university 
graduates. The recruitment of the participants started in December 
1999 and is permanently open (dynamic cohort). The design, 
methods and the cohort profile have been p ublished in detail 
elsewhere [43 ). Raseline and follow-up information is eollected 
through postal or web-based questionnaires biannually. Partici
pants answer a baseline questionnaire in regard to socio
demographic and anthropomet ric variables, lifestyles ( diet, phys
ical activity, alcohol eonsumption, smoking status) and clinic his
tory. The study protoeol was approved by the research ethics 
eommittee of the University of Navarra (2001 ). This study was 
registered at clinicaltria ls.gov as NCT02669602. 

In May 2008, 1921 participants of SUN project over 55 years old 
were invited to entry a new sub-study with the main aim of eval
uating their eogni tive impairment. A total of 1085 participants 
accepted to participate and 986 of them retumed saliva samples, 
although 33 ofthem did it inappropriately. Resides, 67 participants 
were excluded because they reported total energy intake outside 
Willett predefined limits (44) {<800 kcal/d or > 4000 kcal/d for 
men and <500 kcal/d or > 3500 kcal/d for women ). Finally, the 
sample size for this study was 886 participants (Supplementary 
Fig. SI , available online). 

2.2. Dietary assessment and diet quality indexes 

Dietary habits at baseline were assessed using a semi
quantitative food -frequency questionnaire (FFQ, 136 food -items) 
validated and re-evaluated [45.46) in Spain, which assessed food 
habits in the previous year. This questionnaire had 9 possible an
swers (ranging from never/almost never to 6 + times per day). 
Nutrient intake was calculated by multiplying the frequency of 
eonsumption by the nutrient content of the specified portian, using 
the latest available information from Spanish food composition 
tables [47.48). 

To evaluate overall diet quality at baseline, PDQS, FQI. MEDAS, 
DASH and AHEl-2010 were used, ali of them previously published. 

The most newly indexes used in this study are PDQS and FQI. 
PDQS have been recently developed (49[ based on the Prime Screen 
Questionnaire (50). lt evaluates 21 food groups divided into the 
following 13 healthy food groups (dark green leafy vegetables, 
cruciferous vegetables, carrots, other vegetables, whole citrus 
fruits, other whole fruits . legumes, nuts, poultry, fish, eggs, whole 
grains, and liquid vegetable oils), and 8 unhealthy food groups (red 
meat, potatoes, processed meat, whole m ilk dairy, refined grains 
and baked goods, sugar-sweetened beverages, fried foods obtained 
away from home, and desserts and ice cream). Consumption of0- 1 
servings/week, 2- 3 servings/week and 2:4 servings/week was 
scored O, 1 and 2 points, respectively, for healthy groups, while 
seoring was reversed for unhealthy foods . Total seore was ranged 
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frorn O to 42 points, and our variable was categorized in three 
groups: O to 17 points, 18 to 20 points and <:21 points. 

On the other hand, the FQI was calculated according to the ratio 
(Monounsaturated fatty acids + Polyunsaturated fatty acids )/ 
(Saturated fatty acids + Trans fatty acids), ranging frorn 0.78 to 5.68 
[51 [. Participants were categorized roughly in to tertiles. 

In relation to Mediterranean dietary pattern, we used the 14-
point MEDAS applied previously in the Prevención con Dieta 
Mediterránea (PREDIMED) study [52[. In a Spanish case-control 
study the best cut-offs points for 9 of the 14 iterns were selected 
(53). The other five iterns were included to assess adherence to this 
traditional dietary pat tern, two of these short questions about food 
habits, and the other 3 iterns about the frequency of consurnption of 
nuts, soda drinks and a typical Mediterranean sauce narned 
"sofrito". MEDAS was ranked in three categories: :S 5 points, 6- 9 
points or <: 10 points of the 14 total points [ 54 ). 

The AHEl-2010 is based on food and nutrients predictive of 
chronic disease risk [55). Vegetables, fruits, sugar-sweetened bev
erages and fruir juice, nuts and legurnes, red/processed rneat, trans 
fatty acids, long-chain omega-3 fatty acids, polyunsaturated fatty 
acids, sodiurn, and alcohol intake were scored frorn O to 10. The 
original AHEl-2010 includes the consumption of whole-grain 
bread, but in the general Spanish population it is very scarce. For 
this reason, we have considered this element with 9 categories of 
intake in our score. Thus, the tota l AHEl-2010 score ranged from 
O to 109 [ 56) and was categorized into tertiles. 

Finally, DASH index is composed of the following 7 food groups 
(fruir, vegetables, nuts and legurnes, low-fat dairy products, whole 
grains, sweetened beverages and processed meats) and one 
nutrient (sodiurn intake). Ali dietary variable was divided into 
quintiles. Participants in t he first quintile were assigned 1 point and 
those in the fifth quint ile 5 points, except for consumption of 
sweetened beverages, processed meats and intake of sodium that 
were assigned inversely. Total score ranged frorn a minimum of 8 to 
a maxirnurn of 40 points [57), and it was categorized in three 
groups: 8- 18 points, 19- 29 and <:30 points. 

In five cases, the lowest category was considered such as 
reference category. 

2.3. Te/amere length assessment 

Participants' saliva samples were collected with the kit Orage
ne®ADN SelfCollector kit- OG250, DNA was extracted according to 
the manufacturer's instructions and was frozen at - 80 º C. 
Following the method of Cawthon (58), a monochrome multiplex 
real-time quantitative PCR (MMqPCR) was used to analyze TL using 
a single-copy gene as a reference for each sample. QuantiTectSyber 
Green PCR kit (Qiagen, Valencia, CA.USA) was used as master mix 
and the total react ion volume was 10 ¡1L containing 10 ng of 
genomic DNA. The telomere primer pair telg and tele were com
bined with the albumin primer pair albu and albd (fi nal concen
trations 900 nM for each of four primers). 

The primer sequences (Sigma Aldrich, St. Louis, MO, USA; pu
rified by high-performance liquid chrornatography) were telg (5'
ACACTAAGGTTTGGGTTTGGGTTTGGGTTTGGGITAGTGT-3' ). tele ( 5' -
TGTTAGGTATCCCTATCCCTATCCCTATCCCTATCCCTAACA-3' ). albu 
(5'- CGGCGGCGGGCGGCGCGGGCTGGGCGGAAATGCTGCACA
GAATCCTTG-3') and a lbd (5'-GCCCGGCCCGCCGCGCCCGTCCC 
GCCGGAAAAGCATGGTCGCCTGTT-3'). 

For quality control, a li sarnples were run in triplicare and a 
calibration curve of a reference DNA samples (150- 2.34 nghtl in 2-
fold dilutions; linearity agreement R2 > 0.99) was included in each 
high-throughput 384-well plate. Te lo mere length was expressed as 
a T/S ratio using the calibration curve to relative quantification. 

The MMqPCR was carried out in a CFX384 Touch Real-TimePCR 
system (BioRad, CA, USA) with the following thermal cycling pro
file : 15 min at 95 º C for enzyme activation followed by two cycles of 
95 º C at 15 s and 49 ºC at 15 s. and 35 cycles of 15 s at 95 ºC. 10 s at 
63 º C, 15 s at 74 ºC (first signa! acquisition) and 15 s at 88 º C (second 
signa! acquisition). For each sample, we generated a melting curve 
from 45 ºC to 95 º C, ramped at 0.2 ºC/s. 

2.4. Assessment of other variables 

In the SUN cohort, the baseline questionnaire and follow-up 
questionnaires are ali self-adrninistered. The information about 
covariates was collected at baseline quest ionnaire, wh ich includes 
inforrnation about socio-demographic (e.g. sex, age), lifestyle
related variables (e.g. smoking status, physical activity, special di
ets), anthropometric (weight, height) and clinical variables (medi
ca! history, family health history, blood pressure levels and 
prevalen ce of diseases). 

2.5. Statislical analysis 

Descriptive statistics were used to analyze baseline character
istics among participants. We used means and standard deviations 
for continuous variables, and percentages for categorical variables. 
TL variable was adjusted for age through the resid uals methods 
[44 1. The mean ofTL according to the baseline characteristic ofthe 
SUN project was given in means and standard deviations. 

Differences in TL between categories of socio-demographic, 
li festyle and clinical variables were tested by Student's t-test and 
A NOVA. 

We defined short telomeres as a residual TL below the 20th 
percentile as it was previously reported ( 13,59,60). 

We used Fisher's exact test to evaluare participan t's frequency 
according to the main covariates (sex, smoking status and preva
lence of dysl ipidemia) with the risk of having short TL Mosaic plots 
have been applied to show the relationship between t his significant 
covariates and TL. in which height of bars represents proportions of 
participants with higher risk ( <20th percentile) or non-risk (>20th 
percentile) of short TL in each category. The width of each bar is 
proportional to sample size in each category of the covariate 
studied. 

The interaction between TL and dyslipidemia prevalence was 
examined by likelihood ratio test. Logistic regression models were 
run to assess the relationship between each dietary in dex and the 
probability of having short telomeres. We run a eructe model and 
two adjusted models: Model 1 adjusted for dyslipidemia interac
tion and Model 2 additionally adjusted for sex and smoking status. 
bein g the first category or tertile always considered as the reference 
category. 

Ali p-values are 2-tailed, and a p-value <0.05 was considered 
statically significant. Analyses were performed with STATA version 
12 (STATA Corp., TX, USA). 

3. Results 

1 n the present analysis, 886 participants ofSUN cohort (645 men 
and 241 women, 66.9 ± 6.1 years old) were included. Among par
ticipants, a negative correlat ion was found between salivary TL 
(0.70 ± 0.20) and age of participants (b ~ - 0.006, r ~ 0.038, 
p < 0.001; data not shown). Thus, age-adjusted TL measures ac
cording to socio-demographic, lifestyle clinical variables of an 
elderly population of the SUN study are shown in Table l. Statisti
cally significant differences in TL were found for sex, smoking status 
and dyslipidemia prevalence. Longer TL were presented in women, 
in subjects who have never smoked and in people without 
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Table 1 
Participant Distribution and Average Tl of an elderly SUN Population according to 
baseline socio-demographic, anthropometric. lifestyle and clinical variables. 

Characteristic Distribution Age-Adjusted TL p-value 
N (%) Mean± SD 

Age (years) 0 .514 
55-65 455 (51) 0.00±0.20 
66-75 332 (38) O.O!± 0.20 
> 76 99 ( 11) - 0.01 ± 0.20 

sex 0.005 
Male 645 (73) - 0.01 ± 0.18 
Fema le 241 (27) 0.03 ± 0.24 

BMI' 0.069 
Normal- weight 365 (41) 0.02 ± 0.17 
Overweight 433 (49 ) - 0.01 ± 0.22 
O bese 87 (10) -0.02 ± 0 .16 

Total Energy lntake (Kcat/d) 0.894 
<2000 342 (39) 0.00±020 
~2000 544 (61) 0.00 ± 0.19 

Smoking status 0.013 
Never 294 (33) 0.03 ± 022 
Former 459 (52) - 0.01 ± 0.19 
< 15 cigarettes/d 70 (8) - 0.04 ± 0.18 
2:: t 5 cigarettes/d 63 (7) --0.02 ± 0.22 

Diabetes 0.645 
No 806 (91) 0.00 ± 0.19 
Yes 80 (9 ) O.O! ± 027 

Dyslipidemia 0.023 
No 710 (80) O.O! ± 0.20 
Yes 176 (20) - 0.03 ± 0.18 

Hypercholestero&emia 0.567 
No 517 (58) 0.00 ± 0.19 
Yes 369 (42) 0.00 ± 0.21 

Hypertension 0 .975 
No 423 (48) 0.00 ± 0.21 
Yes 463 (52) 0.00 ± 0.19 

.a UnderiNeight category was eliminated for ANOVA testdue to sample size. n = 1. 
Bold signifies p-value: P< 0.050. 

dyslipidemia. Having these three aspects as potential confounding 
factors (sex, smoking status and dyslipidemia) we evaluated the 
percentage of participants at risk of having short telomeres ( <20th 
percentile) in a mosaic plot applying the Fisher's exact test. No 
differences were found for sex (Fig. JA) or smoking status (Fig. 1 B). 
However, subjects with dysl ipidemia had a higher risk of having 
short telomeres (26.70% vs. 18.31% p = 0.015, Fig. 1 C) being the odds 
ratio 1.63 (95% CI 1.11 - 2.39 p = 0.013, data not shown). 

The risk of having short TL for each dietary index, considering 
the bottom tertile as the reference, is shown in Table 2. In ali cases. 
the top tertile or category for each diet quality index has a reduced 
number of participants in risk of short telomeres. Specifically, 
PDQS, MEDAS and DASH showed a significant inverse association 
with the risk ofhaving short telomeres, both in eructe and adjusted 
models. The p for trend were 0.027, 0.020 and 0.028 for PDQS, 
MEDAS and DASH, respectively. In addition, when we assessed the 
association between tertiles of FQI and AHEl-2010, and the risk of 
short n we found significant inverse trends after adjustment for 
dyslipidemia interaction, and additionally for sex and smoking 
status (model 2, p for trend 0.033 and 0.029 respectively). 

4. Discussion 

In this work, we have evaluated the relationship between diet 
quality, through 5 dietary indexes using a priori approach, and 
salivary TL in an elderly Spanish population. 

Our findings correlating TL with age, sex, smoking status and 
dyslipidemia prevalence, were consistent with the literature 
l 21,38,61 - 64 J. Previous stud ies with similar age ranges, 71- 87 l38J 
and 45-85 years [61 J, have reported inverse correlations between 

age and n. Furthermore, in our study women have longer n than 
menas shown in a meta-analysis including 36 cohort studies l62J. 
Severa! biological mechanisms -as the stimulating effect of estro
gens on telomerase and its anti-oxidant effect l65 J, or the absence 
of a compensatory allele in case of deleterious recessive allele in 
men l66J resulting in a higher TL attrition in men-have been hy
pothesized for TL differences in males and females. In addition, we 
observed that TL was longer among never smokers compared to 
those who had ever smoked, and among former smokers compared 
to current smokers. There are many studies that have found a 
connection between n and smoking status in adults 121 ]. On the 
other hand, a number of studies have shown that dyslipidemia 
prevalence is a negative independent predictor ofn 163,64]. In mor 
analysis, the risk of having short telomere was significantly higher 
in subjects with dyslipidemia. Thus, dyslipidemia was considered 
as a potential confounder in each model ofn analysis. 

To our knowledge, this is the first study that examines up to 5 
evidence-based diet quality indexes and their relationship with n. 
In this cross-sectional study of 886 Spanish seniors, participants 
with hig h adherence of5 different a priori diet qual ity indexes, had 
lower risk of short salivary TL 

To evaluate the adherence to the Med iterranean Diet in our 
population, The MEDAS index was used. lt includes sorne items 
characteristics of the Mediterranean Diet in Spain, and was vali
dated in a Spanish population with an age range similar to our 
sample 152]. In severa! Spanish populations a low score in the 
MEDAS was associated w ith a higher risk of ali-cause mortality 
(35,36,52 J. Notable, the use of this too! has been extended to 
another countries such as Germany and UK l67J. 

Mediterranean diet is considered as one of the global healthiest 
patterns 168], dueto its effectiveness to reduce oxidative stress and 
inílammation markers 169,70]. The effect of this dietary pattern on 
TL has been intensively investigated in adult populations 
19,10,13,38- 42]. 

Ou r results confirmed an association between higher adherence 
to Mediterranean diet and significant lower risk of shorter telo
meres, in line with the literature. Boccardi et al. showed in 217 
ltalian elderly subjects (77.9 years old, 53% men) that those with ;::6 
points in a total of 9 points Mediterranean Diet Score had longer 
telomeres and also, improved telomerase activity l38J. lnterest
ingly, it has been reported that the relationship between Mediter
ranean Diet and TL depends on sex l 10,13J or ethnicity 139]. 
Thereby, in the PREDIMED-Navarra tria! with 520 participants at 
high c.ardiovascular risk, Garcia-Calzón et al. observed a positive 
association between MEDAS index and TL only in women 113]. 
Similarly, in 4758 adults aged 20- 65 years old from the NHANES 
study, Leung et al. found an association between Mediterranean 
diet and nin women l 10]. These findings are in concordance with 
the Nurses' Health Study including a larger sample ofwomen aged 
30- 55 years old from 19]. In regard to ethnicity, Gu et a l. found that 
higher adherence to a Mediterranean Diet in a cross-sectional study 
was associated with longerTLamong whites but not amongAfrican 
Americans and Hispanics in 1743 multi-ethnic participants aged 65 
years or older l39 J. Although the data obtained in our study are 
consistent with the literature, three recent studies reported that 
adherence of Mediterranean diet is not associated with this aging 
marker in 647 healthy Australian adults aged 57- 68 years old 1421 
and in 96 non-smoked middle-age American adults with at least 
one risk for cardiovascular disease 141 ]. Moreover, Meinila et a l., in 
1046 elderly participants of the Helsinki Birth Cohort Study 
observed an unexpected associat ion between higher adherence of 
Mediterranean Diet and faster telomere shortening (wit hout clin
ical relevance) 140]. 

In line with other studies 19,IO], we evaluated also the DASH 
dietary pattern andan overall quality diet trough AHEl-2010 index. 
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Fig. 1. Mosaic plots. Height or bars represents proportions or participants with high or low risk or short telomere in each category, the width or each bar is propor tional to sample 
size. (A) For sex, there werc not d ifferences in participant frequency with low n risk between mal e and rema le (20.93% vs. 17.43%, p = 0.191 i (B) For smoking status, the proportion 
oí participants with low TL risk was not different {p = 0.127) between nevcr ( 15.65%). former (21.57%) and current smokers (22.86% and 25.40% for people who smokc less than IS 
cigarettes per day and more than 15. respectively). (C) For dyslipidemia status, there was a significant diffcrence in participants with low n risk (p ~ O.QJS) between peo ple without 
dyslipidemia ( 18.31%) and those with dyslipidemia (26.70%). 

Table 2 
Risk of having short TL( <20th percentile) according to Diet Quality Indexes. 

Low 

Prime Diet Qlality Score (PDQS) 
N 258 
Total SCore (0-42) 7- 17 
Participants with TL < P20 n (%) 64 (25) 
Crude model 1 (ref.) 
Model 1 1 (ref.) 
Model 2 1 (ref.) 
Fat Quality lndex (FQI ) 
N 296 
Total SCore (0.78- 5.68) 0.78- 1.51 
Participants with TL < P20 n (%) 64 (22) 
Crude model 1 (ref.) 
Model 1 1 (ref.) 
Model 2 1 (ref.) 
Mediterranean Diet Adherence SCreener (MEDAS) 
N 218 
Total SCore(0- 14) 1- 5 
Participants with TL < P20 n (%) 49 (22) 
Crude model 1 (ref.) 
Model 1 1 (ref.) 
Model 2 1 (ref.) 
Dietary Approaches to Stop Hypertension lndex (DASH) 
N 130 
Total SCore (8-40) 9- 18 
Participants with TL < P20 n (%) 35 (27) 
Crude model 1 (ref.) 
Model 1 1 (ref.) 
Model 2 1 (ref.) 
Alternative Healthy Eating lndex 2010 (AHEl-2010) 
N 318 
Total SCore (0 - 109) 28- 58 
Participants with TL < P20 n (%) 7 1 (22) 
Crude model 1 (ref.) 
Model I 1 (ref.) 
Model 2 1 (ref.) 

Medium 

283 
18- 20 
55 (19) 
0.73 (0.49- 1.10) 
0.65 (0.42- 1.02) 
0.66 (0.43- 1.03) 

295 
1.52- 1.92 
65 (22) 
1.02 (0.63- 1.51) 
0.81 (0.53- 1.25) 
0.83 (0.54- 128) 

602 
6- 9 
124 (21) 
0.89 (0.62- 1.30) 
0.78 (0.53- 1.16) 
0.81 (0.55- 1.2 1) 

627 
19 - 29 
124 (20) 
0.66 (0.43- 1.03) 
0.60 (0.37-0.93) 
0.61 (0.39-0.96) 

290 
59- 67 
61 (21) 
0.93 (0.63- 1.36) 
0.91 (0.60- 1.37) 
0.93 (0 .62- 1.41 ) 

High 

345 
21- 29 
58 ( 17) 
0.61 (0.41-0.91) 
0.58 (0.38-0.89) 
0.62 (0.40-0.95) 

295 
1.92- 5.68 
48 ( 16) 
0.70 (0.47- 1.07) 
0.59 (0.37-0.94) 
0.60 (0.38-0.96) 

66 
10-13 
4 (6) 
0.22 (0.08-0.64) 
0.22 (0.07-0.74) 
0.24 (0.07- 0.81) 

129 
30-39 
18 ( 14) 
0.44 (0.23-0.83) 
0 .46 (024-0.90) 
o.so (025- 1.00) 

278 
68- 92 
45 ( 16) 
0.67 (0.63- 1.36) 
0.57 (0.36-0.90) 
0.59 (0.37-0.93) 

p trend 

0.017 
0.012 
0.027 

0.080 
0.025 
0.033 

0.010 
0.010 
0.020 

0.009 
0.013 
0.028 

0 .065 
0 .021 
0.029 

Model 1 adjusted for dyslipidemia interaction (2 categories). Model 2, additional adjusted for sex and smoking status(never smokers. fonner smokers, current smokers who 
smoke less than 15 dgarettes per day and those who smoke more than 15 dgarettes perday). Bóld signifies p-value: p < 0.050. 

In the NHANES population, the association between theses indexes 
and TL was demonstrated only in women 1 JO). The Nurses' Health 
Study also reported a similar association between AHEl-10 and TL 
in 4676 women aged 30- 55 years old 19 ). For the first time, we 
showed a significant inverse relationship between the risk of hav
ing short telomeres and DASH and AHEl-2010 in the whole popu
lation including 73% males. 

On the other hand, as far as we know, this is the first study 
assessing the association between 11. and PDQS or FQI. The role of 
severa! food items included in both indexes on 11. was evaluated in 
adults 16,11,28,39,61,71- 78) however, in some of these studies no 
association was found 171 - 73,77,78). In the present work we 
observed a significant association for these two indexes PDQS and 
FQI, reflecting dietary habits, with TL 
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The main strength of the cohort studies is tha t they allow to 
obtain multiple outcomes after simple identification and evalua
tion of health-related events (79). The SUN project is a multi
purpose prospective Mediterranean dynamic cohort designed to 
study the prospective association of diet and other lifestyle factors 
with multiple health outcomes (43 ). The homogeneity of the 
sample (Spanish university graduares), regarding to socioeconomic 
status could enhance the validity of our study, redllcing variability 
between-subjects in dietary ha bits; and leading to a higher validity 
of self-reported information due to the high education leve! of 
participants (80). Other strengths are the previously validation of 
the FFQused in this cohort (45,46,81 ) and the validation of the self
reported anthropometric measurements (body weight and BMI) 
(82). Besides, predictors variables are evidence-based dietary in
dexes and their relat ionship with severa! outcomes haven been 
previously demonstrated [49,54,55,57,83 ]. Moreover, in our anal
ysis we used multiple-adjusted models to minimize differences 
among individuals and potentia l confounders. 

Our study has also limitations. First, the self-reported informa
tion leads to measurement errors, for example in the FFQ ques
tionnaire included in this study. However, this dietary assessment 
is the most practica! and viable too! to evaluate dietary habits in 
large epidemiological studies. Secondly, n was analyzed using DNA 
isolated from saliva samples, due to the ease of sample collection, 
the lower invasiveness of method, and the large DNA amount from 
simple extraction that can be automated. This method is vastly used 
in epidemiological studies (84). TL measurement is different across 
severa! cells or tissues, although salivary TL has been associated 
with whole blood (85), buffy coat (86) and leukocytes TL (87). 

In conclusion, our results show that individuals in the highest 
categories of diet qual ity indexes had lower risk of short salivary 
telomeres. These findings require further longitudinal and inter
vention studies to extent our knowledge about the effect of dietary 
habits on this marker of DNA damage, especially in middle-aged 
and older adults. 
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Supplementary Figure S1. Flow chart of the participants included in the study. 
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Abstract 

Telomere integrity is influenced by oxidative stress. Also, inflammation-related factors, including nutritional factors could 

modulate them. The relationship between a posteriori derived dietary patterns and TL has been scarcely investigated. Thus, 

our objective was to examine the association between empirically dietary patterns ascertained through principal component 

(PCA) analysis and TL in an elderly Spanish population. A total of 886 elderly subjects (>55 years old; 645 males and 241 

females) from the “Seguimiento Universidad de Navarra" (SUN) cohort were included in the study. TL was measured by 

monochrome multiplex real-time quantitative PCR (MMqPCR). Age-adjusted TL was used for all analyses. Dietary patterns 

were identified by PCA based on 30 predefined candidate food groups collected from a validated 136-food items frequency 

questionnaire. Generalized linear models were fitted to obtain beta coefficients and their 95% confidence intervals (95% CIs) 

evaluating differences in TL between each of the four upper quintiles of adherence to dietary patterns and the lowest quintile. 

Sensitivity analyses by rerunning all multiple linear models under different stratifications were performed to evaluate the 

robustness of our results. Two major dietary patterns were empirically identified, Western dietary pattern (WDP) and 

Mediterranean dietary pattern (MDP). After adjustment for potential confounders, longer TL was found among subjects in 

the highest quintile of MDP (=0.064; 95% CI 0.004 to 0.123). The WDP showed no significant association with TL. In 

conclusion, higher adherence to a posteriori derived MDP was independently associated with longer telomeres in an elderly 

Spanish population of the SUN project.  

Introduction 

Telomeres are specific DNA structures formed by short guanine-rich repeats (TTAGGG) associated with a protein complex 

at the ends of chromosomes (1). In each cell division, these repetitive sequences are shortened due to the fact that DNA 

polymerase is not able to complete the replicate telomeres (end replication problem), leading to senescence and apoptosis (2). 

In consequence, telomere length (TL) has been considered a biological marker of aging and cell turnover, and shorter 

telomeres have been associated with higher incidence of age-related diseases and shorter lifespan (3,4). The inter-individual 

variability in the rate of telomere shortening suggested that this is a modifiable process linked to agents that promote process 

of oxidative stress or inflammation (5,6).  

In fact, epidemiological studies have reported that dietary components are able to modulate oxidative and inflammatory 

processes, which are underlying mechanisms of TL maintenance and aging (7–9).  Previous studies on the relationship between 

TL and diet show a variety of approaches examining dietary patterns. Most of them have evaluated dietary patterns using an a 

priori approach (10–19), and a pre-defined Mediterranean dietary pattern has been positively associated with TL (10–14).  In older 

subjects, several studies did not find any association between TL and Mediterranean diet scores (15–18). In contrast, we 

observed a direct association between the risk of having short telomeres and pre-defined diet quality scores, including a 14-

point Mediterranean diet adherence screener (19). 
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However, some dietary components that are not included in pre-defined scores could be important when exploring the 

association between diet and TL. Interestingly, a more exploratory approach would be required for an in-depth analysis (20). A 

posteriori analyses, for example through the Principal Component Analysis (PCA), are aimed to identify dietary factors 

specific for the population under study (21,22).  

Until now, to our knowledge, only five epidemiological studies have identified dietary patterns using PCA and subsequently 

assessed its relationship with TL in adults subjects (17, 20,23–25). In these studies, empirically identified dietary patterns 

commonly considered as healthy were labeled as “Prudent”, “Mediterranean”, “Vegetarian”, “Healthy” or even “Vegetables-

Fruits”, while unhealthy dietary patterns were named as “Western”, “High energy-density” or even “snacks-drinks” among 

others. In regard to the  relationship between TL and dietary pattern evaluated, only two studies found a positive association 

between TL and the “Prudent pattern” (in the remote past) in Korean middle-aged and older adults (24); or between TL and a 

“Vegetable-rich pattern” in Chinese women (553 adults) (20).  

Finally, there is no clear evidence on the association between the adherence to a posteriori derived dietary pattern by PCA 

and TL. For this reason, our study aimed to evaluate the association of dietary patterns, through this statistical approach, and 

TL in an elderly Spanish population of the SUN study.  

Subjects and Methods 

Study population 

This is a cross-sectional study with 886 participants of the “Seguimiento Universidad de Navarra” (SUN) Project. The SUN 

cohort is a multipurpose, ongoing and dynamic cohort of Spanish university graduates started in December 1999 and it is 

permanently open. The design and methods used in the SUN project were published in detail elsewhere (26). In brief, baseline 

and follow-up information are collected through postal or web-based questionnaire every 2 years. The study protocol was 

supported by the Institutional review Board of the University of Navarra, and registered at clinicaltrials.gov as 

NCT02669602.  

Voluntary completion of the baseline epidemiological survey implied informed consent, as participants received detailed 

information about the whole study. 

In May 2008, 1921 participants (>55 years old at baseline questionnaire) of SUN project were invited to participated into a 

genetic sub-study (27). Among them, 1085 participants accepted the invitation and received a kit to collect saliva, and 953 of 

them correctly returned saliva samples. In our analysis, we excluded 67 participants because they were outside of Willet 

predefined limits for energy intake (<800 kcal/d or >4000 kcal/d for men, and <500 kcal/d or >3500 kcal/d for women) (28). 

Thus, the final available sample included 886 (645 males and 241 females) elderly subjects.  

Dietary assessment 

In our study, dietary intake was assessed at baseline with a semi-quantitative FFQ of 136 food-items validated and re-

evaluated (29,30) in Spain, that assessed food habits in the previous year. This questionnaire had the following 9 possible 

response categories: never/almost never, 1–3 servings/month, 1/week, 2–4/week, 5–6 week, 1/day, 2–3/day, 4–6/day and 



Results (Chapter 6) 

119 

 

>6/day, and standard portion sizes were specified. Nutrient intake was calculated by multiplying the frequency of 

consumption by the nutrient content of the specified portion, using data from Spanish food composition tables (31,32) by a 

trained dietitian. 

Telomere length assessment 

Genomic DNA was extracted from participant’s saliva samples collected in the kit Orange® DNA Self-Collection kit-

OG250, according to the manufacturer’s instruction.  DNA samples were stored at -80ºC. A mononchrome multiplex real-

time Quantitative Polymerase Chain Reaction (MMqPCR) was used to TL measurements assay according to the method of 

Cawthon (33). In brief, telomere repeat amplification (T) is compared to a single copy gene product (S) in a single reaction 

well on clear, 384-well plates in a CFX384 Touch-Real-time PCR system (BioRad, Ca, USA). Then, average TL is correlated 

with T/S ratio. PCR reactions were set up by a 10µL master mix containing QuantiTectSyber Green PCR kit (Qiagen, 

Valencia, CA,USA); the primers (Sigma Aldrich, St. Louis, MO, USA; purified by high-performance liquid chromatography) 

which sequences were telg (5’- ACACTAAGGTTTGGGTTTGGGTTTGGGTTTGGGTTAGTGT-3’), telc (5’- 

TGTTAGGTATCCCTATCCCTATCCCTATCCCTATCCCTAACA-3’), albu (5’- 

CGGCGGCGGGCGGCGCGGGCTGGGCGGAAATGCTGCACAGAATCCTTG-3’) and albd (5’-

GCCCGGCCCGCCGCGCCCGTCCCGCCGGAAAAGCATGGTCGCCTGTT-3’); followed by 2 µL of each experimental 

DNA samples (10 ng); Nuclease-free water to complete the final volume. Final concentration of combined telomere primers 

(telc and telg) and albumin primers (albu and albd) were 900nM each.  

For quality control, we ran by triplicates of all samples and included a calibrated curve of a reference DNA samples (150-

2.34 ng/µL in 2-fold solution) in each plate for the relative quantification. TL was expressed as a T/S ratio using the 

calibration curve (linearity agreement R2 > 0.99) to relative quantification. 

Assessment of other variables 

The baseline questionnaire collected information on socio-demographic (e.g. sex, age, college degree, employment status), 

anthropometric variables (e.g. body mass index, weight change during the past 5 years) and health-related habits (e.g. 

smoking status, alcohol intake, special diets, time spent watching television and sitting, physical activity) and history of 

illnesses and medical conditions. Body mass index was calculated dividing self-reported weight by the square of self-reported 

height. Physical activity data (metabolic equivalent task hours per week, METs h/wk) were reported from a previously 

validated questionnaire that answers the time spent on 17 activities, multiplying by a multiple of the resting metabolic rate 

(MET score) according to previously published guidelines (34).   

Assessment of dietary patterns  

The 136 food items included in the FFQ were classified in 30 predefined candidate food groups.  

The grouping scheme was based on the similarity of nutrients profile or culinary usage among the foods and it was somewhat 

similar to that used in previous studies with participants of the SUN project (35,36).  
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The PCA was applied to these food groups in order to identify the major dietary patterns that could explain the maximum 

proportion of the variance from the original groups. Sampling adequacy was supported by Kaiser-Meyer-Olkin value > 0.6 

(37). The number of factors retained was based on eigenvalues >1, the inflexion point on the scree plot, interpretability and 

variance explanation of each pattern solution. Food groups which received absolute loadings factors ≥0.30 were considered 

relevant components of the dietary patterns (Table 1). Absolute values <0.30 were not listed in Table 1.   

Two factors were retained based on the factor loadings of the pre-selected candidate food groups, the first factor was named 

“Western dietary pattern (WDP)” and the second factor was named “Mediterranean dietary pattern (MDP)”. Factor scores 

were calculated for each subject as the sum of standardized consumption of each food group weighted by the coefficient of 

each factor score. Then, WDP and MDP were categorized into quintiles. The 2nd, 3rd and 4th quintiles were grouped to 

simplify the results. Supplementary analyses of the main result were performed with ungrouped quintiles (supplementary 

table 1 and 2). 

Statistical analysis 

Inverse probability weighting (IPW) was used to evaluate age- and sex-adjusted baseline characteristics of participants 

distributed into quintiles of adherence to WDP and MDP (Table 2). We used percentages for categorical variables and means 

plus standard deviations for continuous variables. TL variable was adjusted for age through the residual method (28).  

Generalized linear models were used to evaluate the associations between each of the four upper quintiles of adherence to 

each dietary pattern and TL. Beta coefficients and their 95% confidence intervals were calculated to evaluate this association 

and they represent the multivariable-adjusted differences between TL in each of the four upper quintiles and the lowest 

quintile (reference category).  

We defined short telomeres as a residual TL below the 20th percentile (19,38). Logistic regression models were performed to 

assess the relationship between adherence to the four upper quintiles of each dietary pattern and the risk of having short 

telomeres, keeping the lowest quintile as the reference category. 

In addition, tests of linear trend across successive quintiles were performed by assigning to each participant the value of the 

median in his/her quintile and considering these variables as continuous variables. 

Potential confounders have been included as covariates: age, sex, year of cohort entry (4 categories: 1999-2001, 2002-2004, 

2005-2007, 2008), energy intake (continuous), body mass index (≤20, 20-21, 22-25, ≥25 kg/m2 and a quadratic term for body 

mass index), smoking status (never/ever), alcohol intake (abstainer, <5 g/d or <10 g/d, 5-25 g/d or 10-50 g/d, >25 g/d or >50 

g/d for women and for men respectively), leisure-time physical activity (Mets-h/w, continuous), average daily time of 

television watching (h/d, continuous), average daily time spent sitting (h/w, continuous), following special diet at baseline 

(yes/no), weight gain in the past 5 years previous to entering the cohort (<3 kg /≥3 kg), years of education (continuous), 

prevalence of dyslipidemia and cardiovascular disease (yes/no), dietary fiber intake, monounsaturated fatty acid (MUFA) 

intake, polyunsaturated fatty acid (PUFA) intake, saturated fatty acid (SFA) intake and trans fat intake (continuous). 
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To evaluate the robustness of our results, several sensitivity analyses were conducted by rerunning all multiple linear models 

under different stratifications: sex, age at baseline (<75 /≥75 years old), body mass index (≤25 kg/m2/ >25 kg/m2) and 

smoking status (never smokers and former or current smokers). Likelihood ratio tests were used to calculated p values for 

interaction.  

Finally, several sensitivity analyses were carried out to assess possible sources of bias in the estimation of the association 

between adherence to the WPS or the MPS and the TL. Thus, we repeated the analyses after: including only men or only 

women; only health professionals or only non-health professionals; excluding participants with dyslipidemia or 

cardiovascular disease at baseline; using the 5th and 95th percentiles as allowed limit for total energy intake; excluding 

participants with special diet at baseline; excluding participants with nine or more missing values in the baseline FFQ and 

finally excluding ever smokers.  

We used STATA 12.0 for Windows (version 12.0, College Station, TX: StataCorp LP, USA) for statistical analyses. The 

statistical significance level was p < 0.05. 

Results 

PCA revealed two major dietary patterns (WDP and MDP) that explained 14.3% of the total variance in the consumption of 

the predefined 30 food groups. The first factor, WDP was characterized by a high consumption of refined-grains, processed 

meals, fast-foods, red meats, sauces, commercial bakery, potatoes, whole-fat dairy products, processed meats, sugar-

sweetened sodas, eggs, butter and chocolates. In contrast, the second factor, MDP was characterized by a high consumption 

of vegetables, fruits, fish and seafood, olive oil, fruit juices, nuts and non-caloric sodas (Table 1).  

Age- and sex-adjusted baseline characteristics of the 886 elderly subjects (645 men and 241 women, 66.9 ± 6.1 years old) 

according to their adherence to a WDP and to a MDP are shown in Table 2. Men and those with higher intake of total energy 

intake specifically from saturated fat were more likely to be in the highest quintile of WDP adherence. In contrast, subjects in 

the highest MDP quintile were more likely to be women, more physically active and to present lower intakes of saturated fat.  

Table 3 shows the beta regression coefficients and 95% CI for TL by quintiles of adherence to WDP and MDP, using the 

lowest quintile as the reference category. In the most adjusted model (model 3) we found only a significant positive 

association for the difference in TL between the highest and the lowest quintile of MDP (β= 0.064 95% CI 0.004 to 0.123, p 

for trend=0.025), which remained significant when we repeated the main analysis with ungrouped quintiles (Supplementary 

Table 1, β= 0.067 95% CI 0.003 to 0.130, p for trend 0.043). However, no statistically significant association was found 

between adherence to the WDP and TL (Table 3 and Supplementary Table 1).  

The risk of having short TL (< percentile 20th) according to adherence to both dietary patters is shown in Table 4. After 

adjustment for potential confounders (model 3), no significant association between the highest quintile (versus the lowest 

quintile) of adherence to the WDP (OR = 1.04 95%CI 0.47 to 2.30) or between extreme quintiles of the MDP (OR = 0.75 

95%CI 0.34 to 1.65) and the risk of short TL was found. The p-values for trend were 0.237 for the assessment of the WDP 
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and 0.479 for the MDP. Supplementary analyses with ungrouped quintiles also showed no statistically significant findings 

(Supplementary Table 2).  

Finally, we carried out several sensitivity analyses to verify the robustness of our findings. According to subgroups analyses, 

the associations between adherence to each dietary pattern and TL were analyzed within the different scenarios (Table 5), and 

no significant interactions were found. On the other hand, after several sensitivity analyses, the main results did not change 

substantially: no association was found between WDP and TL (Figure 1) while the positive association between MDP and TL 

remained significant in most sensitivity analyses (Figure 2). 

Discussion 

In the present study, we identified two dietary patterns, WDP and MDP, using a PCA in an elderly Spanish population within 

the SUN cohort. The labeled dietary patterns explained 14.3% of total variance in dietary intake, although it may be 

considered as a reduced proportion, it is similar to those values reported in previous studies (17,39).  

A highest adherence to a MDP, characterized by a higher consumption of vegetables, fruits, fish and seafood, olive oil, fruit 

juices, nuts and non-caloric sodas, was positively associated with TL. However, adherence to the WDP did not show any 

association with TL.  

The interpretation of patterns using PCA might involve a degree of subjectivity, and the identified dietary patterns could 

reveal not a typical WDP or MDP. In fact, consumption of fast food or processed meat was higher, not lower, in the highest 

quintile of adherence to MDP. Despite the limitations derived from the statistical method used in this a posteriori approach, 

such as factor components derived from pre-defined food groups, the number of extracted factors or the subjectivity of the 

interpretation, we observed for the first time a positive association between adherence to an empirically-obtained MDP and 

TL. The underlying mechanisms to explain this direct association suggest that the natural antioxidant content of the 

traditional Mediterranean-style diet acts as a mechanism of defense against processes of oxidative stress and inflammation 

(40), involved in TL maintenance (7–9).  

Five epidemiological studies have developed empirically derived dietary patterns through PCA, in which supposedly healthy 

dietary patterns similar to MDP were found (17, 20,23–25). In line with our results, Lee et al. observed that higher adherence to the 

“Prudent” dietary pattern was associated with longer telomeres in 1958 middle-aged and older Korean adults (24). Moreover, 

in Chinese women a higher adherence to a “Vegetable-rich” pattern was positively related to TL (20). In contrast to these 

results, several studies did not find any association between TL and healthy dietary patterns labeled as “Whole grains and 

fruit” in 840 multi-ethnic adults aged 40-69 years old (23), “Healthy” and “Vegetarian” in a population of 300 men aged 20-40 

years old (25), or “Vegetables-fruits” in 1981 elderly Chinese subjects (17).  

Most of the studies aimed to evaluate the relationship between TL and Mediterranean diet have used an a priori approach (10–

19). In fact, we previously analyzed the adherence to a Mediterranean diet using a 14-points score in the same population of 

this study, and we observed a lower risk of having short TL (<20th percentile) among elderly participants in the top tertile (19). 

In this sense, in 4676 women of the Nurses’ Health Study (10) and in 217 elderly Italian subjects (13) a direct association 
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between TL and Mediterranean diet score was also observed. However, in the NHANES epidemiological study (14) and the 

PREDIMED-NAVARRA study (12) the relationship was observed only in women; and among whites but non among African 

Americans and Hispanics in a multi-ethnic study (11). On the other hand, pre-defined Mediterranean diet scores did not show 

any association with TL in three recent studies in elderly populations comprising 647 healthy Australian adults aged 57-68 

years old (15), 1046 older Finns participants (16) and 1981 Chinese adults aged 65 years and over (17). 

Unfortunately, the finding of a WDP in a Mediterranean population (Spanish) is currently not a surprise. Many of the 

countries bordering Mediterranean Sea are drifting away from MDP, and, unfortunately, their diets are evolving towards 

WDP (41–43). In our study, this could be partly explained by the fact that generally the type of work in a highly educated 

population (cohort of university graduates) often prevents them from preparing their own foods at home and their work 

environment may influence their choices of dietary patterns (44). Nevertheless, Mediterranean pattern was the second 

identified dietary pattern in line with other studies in Mediterranean countries (45–47). 

In this work, we did not observe any association between WDP and TL, in agreement with previous findings that an 

unhealthy pattern empirically obtained, such as WDP (24,25),  “snacks-drinks-milk” (17),  “fats and processed meat” (23) or “high 

energy-density” (20) was not associated with TL. WDP in our Mediterranean population differed in part from typical “western” 

pattern, indeed, subjects in the top quintile of adherence to WDP had a high consumption of vegetables (501 g/d), fish (102 

g/d), fruits (317 g/d), and a high percentage of monounsaturated fat intake (15% of total energy). In addition, traditional 

healthy eating habits related to Mediterranean area such as the use of aromatic herbs or minimally processed dishes following 

specific culinary techniques prepared with a variety of plant-derived ingredients were not collected in the FFQ used in SUN 

cohort, and it is likely that participants with greater adherence to a WDP might be benefiting, a least partially, from some of 

these healthy dishes and traditional culinary practices (48).  

The strengths of the present study included the exploratory identification of dietary pattern with an empirical method (PCA), 

the technique used (MMqPCR) to determinate TL measurements and the relatively large sample size. On the other hand, the 

repeated validation studies of the FFQ represent another strength (29,30). The homogeneity of the cohort (Spanish university 

graduates) in terms of socioeconomic and educational status could improve the validity of our study, by increasing the 

homogeneity of the sample, obtaining more accurate and well-informed self-reports and reducing the potential for 

confounding by socioeconomic factors. In addition, we included three multiple adjusted models for potential confounders, 

and we performed a variety of sensitivity analyses to support the robustness of our findings.  

On the other hand, some limitations must be recognized. First, the cohort is restricted to university graduates, consequently 

our participants are not representative of the general population. Secondly, although the FFQ has been validated in the SUN 

cohort some degree of misclassification might exist in the dietary. However, the misclassification is more likely to be non-

differential, and the bias would be probably towards the null. 
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Third, DNA was extracted from saliva sample, due to the lower invasiveness of sample collection and the large DNA amount 

from a simple extraction. This method is vastly used in epidemiological studies (49). Despite TL measurement differs 

according to cells or tissues, salivary TL and leukocytes TL are positively correlated (50). 

In conclusion, our findings show that greater adherence to a posteriori derived MDP is associated with TL in an elderly 

Spanish population. However, further research is necessary to confirm the beneficial effect of a Mediterranean-diet style on 

this marker of DNA damage in other larger Mediterranean and non-Mediterranean cohorts.   
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Table 1. Factor loadings for the two major dietary patterns (n=886). 

 

Food items 
Factor 1 
Western 

Factor 2 
Mediterranean 

Refined grains  +0.52 +b 
Processed Meals  +0.46 +c 
Fast Food  +0.45 +c 
Red Meat  +0.44 +b 
Sauces   +0.41 +c 
Commercial Bakery +0.40 +b 
Potatoes  +0.36 +c 
Whole-fat dairy products +0.36 -b 
Processed Meats +0.35 +c 
Sugar-sweetened sodas +0.34 +b 
Eggs  +0.33 +b 
Butter  +0.33 -c 
Chocolates +0.33 +c 
Vegetables -c +0.58 
Fruits -c +0.54 
Fish and seafood -c +0.43 
Olive oil -c +0.37 
Fruit juices +b +0.34 
Nuts -c +0.33 
Non-caloric sodas -b +0.31 
Low-fat dairy products -c +c 
Whole-wheat bread -c +c 
Poultry -b +c 
Legumes +b +c 
Margarine and other vegetable oils not including 
olive oil 

+c +b 

Sugar +c -b 
Biscuits +c -b 
Wine +c +c 
Beer +c +b 
Liqueurs +c -b 

The first factor (Western dietary pattern) and the second factor (Mediterranean dietary pattern) 
explained 8.4% and 6% of the total variance, respectively. Dietary patterns are labeled on the basis of 
factor loadings with 0.3 or greater.  
b|r|<0.10.  
c|r|0.10 but 0.29. 
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Table 2. Baseline characteristics1 of the 886 elderly subjects of the “Seguimiento Universidad de Navarra” project according 
to quintiles of the Western and Mediterranean dietary patterns. 

 
 Western Dietary Pattern  Mediterranean Dietary Pattern 

 Q1 Q2-Q4 Q5  Q1 Q2-Q4 Q5 

N 178 531 177  178 531 177 

                                       % 
Men  72.8 72.8 73.1  72.9 72.8 72.8 

Health professionals 58.9 56.5 52.1  55.3 55.9 55.2 

Smoking status         
Never 34.0 32.0 38.0  32.7 31.7 38.5 

Ever 66.1 68.0 62.0  67.3 68.3 61.6 

Following a special diet at baseline  29.5 18.3 9.8  22.9 17.6 19.8 
Diabetes prevalence 14.5 9.1 4.4  9.3 9.3 7.0 

Dyslipidemia prevalence 27.2 19.1 18.6  17.3 20.0 21.3 

Cardiovascular disease prevalence 27.1 15.8 13.8  15.6 16.8 19.7 

Cancer prevalence 8.9 8.0 10.5  9.0 10.6 5.0 

Family history of diabetes  18.2 20.0 17.6  18.0 18.2 19.5 

Family history of cardiovascular disease  24.4 25.6 22.4  28.7 23.3 25.4 
                                            meanstandard deviation 

Age-Adjusted Telomere  0.0070.209 -0.0060.195 0.0040.176  -0.0010.209 -0.0080.181 0.0180.213 

        
Age (y) 67.0 66.9 66.7  66.96.2 66.96.0 67.06.3 

Years of university education  5.52.0 5.31.8 5.62.1  5.51.9 5.21.8 5.52.1 

Body mass index (kg/m2) 25.63.1 25.93.2 25.73.1  25.83.2 25.93.2 25.63.1 
Physical activity during leisure time 

(Mets-h/w) 
24.018.6 23.220.5 19.017.9  18.815.7 22.819.4 26.524.4 

Daily television watching (h/day) 1.61.1 1.71.1 1.61.3  1.61.2 1.71.2 1.61.0 
Time spent sitting (hours/week) 5.02.1 5.21.9 5.32.0  5.11.9 5.21.9 5.22.0 

Total energy intake (kcal/d) 1825567 2181563 2846534  1625549 2241514 2893498 

Carbohydrate intake (% total energy) 44.88.7 43.48.2 43.98.3  43.39.7 43.78.0 45.38.1 
Protein intake (% total energy) 20.24.1 18.83.6 16.83.1  19.14.7 18.73.5 18.13.5 

Total Fat intake (% total energy) 32.17.7 34.76.4 36.17.2  34.28.0 34.56.4 33.77.1 

PUFA intake (% total energy) 4.71.7 5.11.5 5.51.9  4.82.0 5.11.6 5.21.6 
SFA intake (% total energy) 9.43.2 11.73.3 13.13.3  12.64.1 11.43.3 10.42.9 

MUFA intake (% total energy) 14.74.7 15.23.7 15.43.9  14.53.8 15.33.8 15.04.5 

Fiber intake (g/d) 34.116.4 30.013.4 29.810.5  19.07.1 30.19.8 45.516.1 
Alcohol intake (g/d) 7.08.9 9.512.4 12.917.0  8.212.6 9.813.1 11.914.9 

Vegetables (g/d)  640.2508.8 544.1398.3 501.0311.5  305.6189.6 529.7244.8 900.2707.1 

Fruits (g/d)  556.3500.7 387.2280.8 317.3187.6  229.3150.4 384.5221.8 666.6537.0 
Low-fat dairy products (g/d)  302.1273.4 232.8264.2 145.6207.4  152.7189.8 235.0252.8 293.7322.5 

Full-fat dairy products (g/d)   65.884.7 140.3156.6 256.5235.1  172.4226.0 144.1169.8 143.1149.1 

Refined grains (g/d)  59.646.4 113.976.9 194.7111.1  102.595.4 124.592.1 123.188.7 
Fish (g/d)  129.987.2 119.267.6 101.563.2  76.348.5 119.958.3 155.597.2 

Unprocessed red meat (g/d)  42.433.1 74.040.7 99.147.9  66.843.4 74.143.9 72.547.6 

Potatoes (g/d) 27.727.7 52.445.5 78.651.8  33.232.0 52.341.7 73.464.6 

Poultry (g/d) 50.070.3 38.932.5 44.729.9  25.321.3 41.931.6 60.569.2 
Processed meat (g/d) 21.618.2 34.825.0 49.730.5  24.724.3 34.021.9 48.034.3 

Processed meals (g/d) 11.018.2 27.141.3 72.069.9  19.830.4 33.352.2 45.956.2 

Eggs (g/d) 12.911.1 22.415.8 29.318.6  19.516.5 22.216.9 23.414.6 
Sugar-sweetened 5.118.0 11.524.2 40.680.7  9.522.2 13.834.7 28.870.3 

Olive oil (g/d) 16.515.4 13.613.7 12.613.6  6.76.8 14.212.9 19.918.0 

Commercial bakery (g/d) 2.75.0 8.913.7 23.131.3  8.416.6 10.819.8 10.716.9 
Fast food (g/d) 3.05.2 8.010.7 19.219.2  5.28.7 9.814.5 11.212.3 

Sauces (g/d) 0.81.2 1.72.1 3.95.3  1.21.4 1.72.3 3.25.0 
1Age- and sex-adjusted Baseline characteristics through inverse probability weighting (IPW) except age and sex. *p<0.05; 

**p<0.01; ***p<0.001 based on analysis of variance or 2. METs, Metabolic Equivalents to task; Poly-unsaturated Fatty Acids, 
PUFA; Monounsaturated Fatty Acids, MUFA; Saturated Fatty Acids, SFA. 
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Table 3. Beta coefficients () and 95% confident intervals (CI) for Telomere Length by quintiles of adherence to Western and 
Mediterranean Dietary Patterns. 

 
Dietary Patterns Q1 Q2-Q4 Q5 P for trend 

n 178 531 177  
Western     

TL (meanSD) 0.0200.224 -0.0060.194 -0.0010.172  

Crude Model 0 (ref.) -0.026 (-0.060, 0.007) -0.021 (-0.062, 0.019) 0.396 
Model 1 0 (ref.) -0.019 (-0.054, 0.016) -0.012 (-0.061, 0.036) 0.407 
Model 2 0 (ref.) -0.022 (-0.058, 0.013) -0.021 (-0.070, 0.029) 0.467 
Model 3 0 (ref.) -0.034 (-0.073, 0.004) -0.047 (-0.106, 0.013) 0.537 

Mediterranean     

TL (meanSD) -0.0000.209 -0.0090.181 0.0270.227  

Crude Model 0 (ref.) -0.009 (-0.042, 0.024) 0.027 (-0.014, 0.068) 0.146 
Model 1 0 (ref.) -0.006 (-0.043, 0.031) 0.030 (-0.022, 0.083) 0.194 
Model 2 0 (ref.) -0.002 (-0.039, 0.035) 0.040 (-0.013, 0.092) 0.100 
Model 3 0 (ref.) 0.009 (-0.030, 0.048) 0.064 (0.004, 0.123) 0.025 

Model 1: adjusted for age, sex, year of cohort entry (1999-2001, 2002-2004, 2005-2007, 2008) and energy intake (continuous).  

Model 2: additionally adjusted body mass index (≤20, 20-21, 22-25, ≥25 kg/m2 and a quadratic term for body mass index), 
smoking status (never/ever), alcohol intake (abstainer, <5 g/d or <10 g/d, 5-25 g/d or 10-50 g/d, >25 g/d or >50 g/d for women 
and for men respectively), leisure-time physical activity (Mets-h/w, continuous), average daily time of television watching (h/d, 
continuous), average daily time spent sitting (h/w, continuous), following special diet at baseline (yes/no), weight gain in the 

past 5 years previous to entering the cohort (<3 kg /≥3 kg), years of education (continuous), prevalence of dyslipidemia and 
cardiovascular disease (yes/no). 
Model 3: additionally adjusted for dietary fiber intake, monounsaturated fatty acid (MUFA) intake, polyunsaturated fatty acid 
(PUFA) intake, saturated fatty acid (SFA) intake and trans fat intake (continuous). 
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Table 4. Odds Ratios (OR) and 95% confident intervals (CI) of short Telomere Length (<20th percentile) by quintiles of adherence 
to Western and Mediterranean Dietary Patterns. 

 

Dietary Patterns Q1 Q2-Q4 Q5 P for trend 

n 178 531 177  
Western      

Participants with TL < P20 (%) 17 21 18  
Crude Model 1 (ref.) 1.30 (0.84, 2.01) 1.05 (0.61, 1.80) 0.204 

Model 1 1 (ref.) 1.28 (0.81, 2.04) 1.09 (0.58, 2.07) 0.273 
Model 2 1 (ref.) 1.36 (0.85, 2.18) 1.20 (0.62, 2.33) 0.273 
Model 3 1 (ref.) 1.27 (0.76, 2.12) 1.04 (0.47, 2.30) 0.237 

Mediterranean     
Participants with TL < P20 (%) 22 20 18  

Crude Model 1 (ref.) 0.90 (0.59, 1.36) 0.76 (0.45, 1.28) 0.296 
Model 1 1 (ref.) 0.92 (0.58, 1.45) 0.80 (0.41, 1.56) 0.500 
Model 2 1 (ref.) 0.87 (0.54, 1.38) 0.72 (0.36, 1.42) 0.339 
Model 3 1 (ref.) 0.88 (0.53, 1.44) 0.75 (0.34, 1.65) 0.479 

Model 1: adjusted for age, sex, year of cohort entry (1999-2001, 2002-2004, 2005-2007, 2008) and energy intake (continuous).  

Model 2: additionally adjusted body mass index (≤20, 20-21, 22-25, ≥25 kg/m2 and a quadratic term for body mass index), 
smoking status (never/ever), alcohol intake (abstainer, <5 g/d or <10 g/d, 5-25 g/d or 10-50 g/d, >25 g/d or >50 g/d for women and 
for men respectively), leisure-time physical activity (Mets-h/w, continuous), average daily time of television watching (h/d, 
continuous), average daily time spent sitting (h/w, continuous), following special diet at baseline (yes/no), weight gain in the past 5 

years previous to entering the cohort (<3 kg /≥3 kg), years of education (continuous), prevalence of dyslipidemia and 
cardiovascular disease (yes/no). 
Model 3: additionally adjusted for dietary fiber intake, monounsaturated fatty acid (MUFA) intake, polyunsaturated fatty acid 
(PUFA) intake, saturated fatty acid (SFA) intake and trans fat intake (continuous). 
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Table 5. Subgroup analyses for the association between Dietary Patterns and telomere length in elderly subjects of the SUN 
cohort.  
 
   Western Dietary Pattern Mediterranean Dietary Pattern 

  n  (95%CI) p for 
interaction 

 (95%CI) p for 
interaction 

Overall  886 
  

  

Subgroup analyses   
  

  

Sex   
 

0.960  0.225 

Male 645 -0.004 (-0.028, 0.020) 
 

-0.004 (-0.030, 0.022)  

Female 241 -0.014 (-0.064, 0.036) 
 

0.065 (0.013, 0.112)  

Age at recruitment 
(years) 

  
 

0.221  0.216 

≤75 787 -0.009 (-0.031, 0.014) 
 

0.025 (-0.000, 0.050)  

>75 99 -0.025 (-0.108, 0.102) 
 

-0.017 (-0.100, 0.065)  

Body mass index 
(kg/m2) 

  
 

0.981  0.660 

≤25 367 -0.009 (-0.039, 0.020) 
 

0.020 (-0.013, 0.052)  

>25 519 -0.018 (-0.050, 0.015) 
 

0.019 (-0.015, 0.053)  

Smoking status   
 

0.870  0.054 

Never 294 -0.028 (-0.067, 0.010) 
 

0.059 (0.018, 0.100)  

Ever 592 -0.004 (-0.031, 0.023) 
 

-0.003 (-0.032, 0.027)  

Adjusted for age, sex, year of cohort entry (4 categories: 1999-2001, 2002-2004, 2005-2007, 2008), energy intake (continuous), 

body mass index (≤20, 20-21, 22-25, ≥25 kg/m2 and a quadratic term for body mass index), smoking status (never/ever), alcohol 
intake (abstainer, <5 g/d or <10 g/d, 5-25 g/d or 10-50 g/d, >25 g/d or >50 g/d for women and for men respectively), leisure-time 
physical activity (Mets-h/w, continuous), average daily time of television watching (h/d, continuous), average daily time spent 
sitting (h/w, continuous), following special diet at baseline (yes/no), weight gain in the past 5 years previous to entering the cohort 

(<3 kg /≥3 kg), years of education (continuous), prevalence of dyslipidemia and cardiovascular disease (yes/no), dietary fiber 
intake, monounsaturated fatty acid (MUFA) intake, polyunsaturated fatty acid (PUFA) intake, saturated fatty acid (SFA) intake and 
trans fat intake (continuous). 
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Figure 1. Sensitivity analyses for the association between the adherence to the WDP and TL (high vs. low quintile of 
adherence to WDP). Linear regression models adjusted for age, sex, year of cohort entry (4 categories: 1999-2001, 2002-

2004, 2005-2007, 2008), energy intake (continuous), body mass index (≤20, 20-21, 22-25, ≥25 kg/m2 and a quadratic 
term for body mass index), smoking status (never/ever), alcohol intake (abstainer, <5 g/d or <10 g/d, 5-25 g/d or 10-50 
g/d, >25 g/d or >50 g/d for women and for men respectively), leisure-time physical activity (Mets-h/w, continuous), 
average daily time of television watching (h/d, continuous), average daily time spent sitting (h/w, continuous), following 

special diet at baseline (yes/no), weight gain in the past 5 years previous to entering the cohort (<3 kg /≥3 kg), years of 
education (continuous), prevalence of dyslipidemia and cardiovascular disease (yes/no), dietary fiber intake, 
monounsaturated fatty acid (MUFA) intake, polyunsaturated fatty acid (PUFA) intake, saturated fatty acid (SFA) intake 
and trans fat intake (continuous). 
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Figure 2. Sensitivity analyses for the association between the adherence to the MDP and TL (high vs. low quintile of 
adherence to MDP). Linear regression models adjusted for age, sex, year of cohort entry (4 categories: 1999-2001, 2002-

2004, 2005-2007, 2008), energy intake (continuous), body mass index (≤20, 20-21, 22-25, ≥25 kg/m2 and a quadratic 
term for body mass index), smoking status (never/ever), alcohol intake (abstainer, <5 g/d or <10 g/d, 5-25 g/d or 10-50 
g/d, >25 g/d or >50 g/d for women and for men respectively), leisure-time physical activity (Mets-h/w, continuous), 
average daily time of television watching (h/d, continuous), average daily time spent sitting (h/w, continuous), following 

special diet at baseline (yes/no), weight gain in the past 5 years previous to entering the cohort (<3 kg /≥3 kg), years of 
education (continuous), prevalence of dyslipidemia and cardiovascular disease (yes/no), dietary fiber intake, 
monounsaturated fatty acid (MUFA) intake, polyunsaturated fatty acid (PUFA) intake, saturated fatty acid (SFA) intake 
and trans fat intake (continuous). 
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Supplementary 1. Beta coefficients () and 95% confident intervals (CI) for Telomere Length by quintiles of adherence to Western and 
Mediterranean Dietary Patterns. 

 

 

 

 

 

 

 

 

 

 

 
Model 1: adjusted for age, sex, year of cohort entry (1999-2001, 2002-2004, 2005-2007, 2008) and energy intake (continuous).  

Model 2: additionally adjusted body mass index (≤20, 20-21, 22-25, ≥25 kg/m2 and a quadratic term for body mass index), smoking 
status (never/ever), alcohol intake (abstainer, <5 g/d or <10 g/d, 5-25 g/d or 10-50 g/d, >25 g/d or >50 g/d for women and for men 
respectively), leisure-time physical activity (Mets-h/w, continuous), average daily time of television watching (h/d, continuous), average 
daily time spent sitting (h/w, continuous), following special diet at baseline (yes/no), weight gain in the past 5 years previous to entering 

the cohort (<3 kg /≥3 kg), years of education (continuous), prevalence of dyslipidemia and cardiovascular disease (yes/no). 
Model 3: additionally adjusted for dietary fiber intake, monounsaturated fatty acid (MUFA) intake, polyunsaturated fatty acid (PUFA) 
intake, saturated fatty acid (SFA) intake and trans fat intake (continuous). 

 

 
Supplementary 2. Odds Ratios (OR) and 95% confident intervals (CI) of short Telomere Length (<20th percentile) by quintiles of 
adherence to Western and Mediterranean Dietary Patterns. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Model 1: adjusted for age, sex, year of cohort entry (1999-2001, 2002-2004, 2005-2007, 2008) and energy intake (continuous).  

Model 2: additionally adjusted body mass index (≤20, 20-21, 22-25, ≥25 kg/m2 and a quadratic term for body mass index), smoking 
status (never/ever), alcohol intake (abstainer, <5 g/d or <10 g/d, 5-25 g/d or 10-50 g/d, >25 g/d or >50 g/d for women and for men 
respectively), leisure-time physical activity (Mets-h/w, continuous), average daily time of television watching (h/d, continuous), average 
daily time spent sitting (h/w, continuous), following special diet at baseline (yes/no), weight gain in the past 5 years previous to entering 

the cohort (<3 kg /≥3 kg), years of education (continuous), prevalence of dyslipidemia and cardiovascular disease (yes/no). 
Model 3: additionally adjusted for dietary fiber intake, monounsaturated fatty acid (MUFA) intake, polyunsaturated fatty acid (PUFA) 
intake, saturated fatty acid (SFA) intake and trans fat intake (continuous). 
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In light of the increasing obesity prevalence and the health consequences that entails, the study of its modifiable or 

preventable determinants has great importance for public health. Unhealthy diet and physical inactivity are considered the 

principal modifiable risk factors related to obesity that account for the most of human deaths globally (Yusuf et al., 2020). 

Thus, therapeutic lifestyle changes have been suggested to produce a beneficial impact on obesity and DNA damage markers, 

such as TL.   

In the present thesis, we reported that unhealthy lifestyle behavior was associated with obesity indicators in a children 

population from the WHO European region. This result shows the importance of following a healthy lifestyle to prevent 

overweight or obesity. In addition, we observed that lifestyle factors, such as diet quality and PA, could be improve after an 

intensive lifestyle intervention in pediatric subjects with abdominal obesity. Moreover, these favorable changes in lifestyle 

factors were related to telomere maintenance in a pediatric population. Finally, we reported that a higher adherence to healthy 

dietary habits and a Mediterranean dietary pattern was associated with longer telomeres in an elderly population of a 

Mediterranean cohort.  

LIFESTYLE BEHAVIORS AND WEIGHT STATUS IN CHILDREN  

In the last decade, several studies investigated the clustering of lifestyle behaviors and its association with the risk of 

childhood obesity aiming to understand the complex interplay between them in large populations (Bel-Serrat et al., 2013; 

Cameron et al., 2011; Dumuid et al., 2018; Fernandez-Alvira et al., 2013; Leech et al., 2015, 2014; Leis et al., 2020a; Pérez-

Rodrigo et al., 2015; Sánchez-Oliva et al., 2018; Santaliestra-Pasias et al., 2015; Seghers and Rutten, 2010). To develop and 

implement successful obesity prevention programs, it is necessary to report on the consistency or inconsistency in the 

association between these factors and health, not only globally but also among regions, which will help to develop both 

general and context-specific prevention programs (Yusuf et al., 2020). To describe adequate policies, the WHO designed a 

unique system to evaluate trends and determinants of childhood overweight and obesity across the WHO European Region. 

One of the aims of our research was to investigate the clustering of lifestyle behaviors in children and its association with 

obesity indicators in this large and geographically spread sample of school-aged children (Chapter 1). 

The synergistic effect of a healthy cluster of modifiable factors —high levels of PA and high intake of fruit and vegetables, 

combined with low screen time use and low intake of sugared soft drink— was associated with less risk of overweight or 

obesity. In most studies, a healthy cluster was difficult to identify and only two studies clustered all the evaluated healthy 

behaviors (Pérez-Rodrigo et al., 2015; Sánchez-Oliva et al., 2018). Only one of them showed that children with a healthy 

cluster —high MVPA, good adherence to a Mediterranean diet, low screen use and sedentary time— had lower body fat 

percentage (Sánchez-Oliva et al., 2018). On the other hand, unhealthy clusters were identified in several of these original 

researches (Cameron et al., 2011; Dumuid et al., 2018; Fernandez-Alvira et al., 2013; Leech et al., 2014; Pérez-Rodrigo et 

al., 2015; Sánchez-Oliva et al., 2018). Common sedentary behaviors, such as high screen or television exposure, were often 

associated with an unhealthy diet (Pearson and Biddle, 2011). Focusing on our study, clusters combining both high levels of 
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screen time use and high consumption of sugared soft drink were more likely in children suffering from overweight or 

obesity. Accordingly, unhealthy clusters have been associated with obesity risk, adiposity indicators (Dumuid et al., 2018; 

Fernandez-Alvira et al., 2013; Leech et al., 2015; Santaliestra-Pasias et al., 2015) and higher HOMA-IR, insulin and plasma 

triglycerides levels (Leis et al., 2020a). 

In our analysis, two out of seven lifestyle behavior clusters were composed by both healthy and unhealthy behaviors 

simultaneously. This picture indicates a complex distribution of behaviors among the young population in line with previous 

studies showing healthy and unhealthy behaviors co-occurring in the same group (Bel-Serrat et al., 2013; Cameron et al., 

2011; Dumuid et al., 2018; Leech et al., 2014; Santaliestra-Pasias et al., 2015). 

A holistic view of lifestyle behaviors should be adopted to consider synergies derived to their combinations and its 

associations with health-related outcome. In our case, presenting only one healthy behavior showed no relationship with 

lower obesity risk in children. Nonetheless, a lower probability of overweight or obesity was found among those who were 

engaged in both healthy behaviors simultaneously. In the IDEFICS study, Bel-Serrat et al. described that low levels of 

unhealthy behaviors —screen time use and sugar-sweetened beverages consumption— were more favorable in terms of 

cardiovascular risk than being physically active or eating high amounts of fruit and vegetables (Bel-Serrat et al., 2013).  

It is noteworthy that the current globalization was reflected in the similarity of some clustering behaviors across regions 

(Cuevas Garciá-Dorado et al., 2019). However, several clustered behaviors were group-specific highlighting the need to 

develop context-individual approaches for obesity prevention (Yusuf et al., 2020).  

In summary, the identification of modifiable risk behaviors, the holistic study of factors to understand synergies and its 

influence on childhood overweight/obesity provides essential information to implement prevention programs and effective 

intervention strategies. 

THE EFFECTS OF A LIFESTYLE INTERVENTION: SPECIAL ROLE ON MODIFIABLE BEHAVIORS  

Multidisciplinary interventions focused on diet, PA and nutritional education, provide the most beneficial effects on pediatric 

obesity (Al-Khudairy et al., 2017; Kim and Lim, 2019; Leis et al., 2020b; Mead et al., 2017; Reinehr, 2013). It has been 

showed that a decrease of ≥0.5 BMI-SDS is related to improvements in cardiometabolic risk in pediatric subjects with obesity 

(Chung et al., 2018; Reinehr et al., 2009). In the IGENOI study —a two-year family-based lifestyle intervention involving 

pediatric subjects with abdominal obesity— the main inclusion criterion was having a WC higher than 90th percentile, which 

implies a high cardiometabolic risk. All participants were able to reduce their BMI in more than 0.5 SDS. Moreover, subjects 

with a moderated hypocaloric diet had a greater reduction in fat mass compared to usual care group during the intensive 

phase (two first months of the lifestyle intervention).  Previous studies in the IGENOI population found a reduction in leptin 

levels associated to changes in metabolic parameters and PA intensity after the intensive phase. The decrease in 

anthropometric parameters is accompanied by a reduction in adipose tissue and, consequently, in the secretion of leptin, an 

hormone which plays a role in energy homeostasis [Appendix 6 (Morell-Azanza et al., 2019b)]. Furthermore, Morell-Azanza 
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et al. detected mutations in melanocortin-4 receptor gene and lipocalin-2 —genes related to obesity— in 2.42% and 0.84% of 

the children, respectively. These subjects showed different profile of eating behavior in comparison to children carrying the 

common variant, however, they were able to reduce similarly BMI-SDS after one-year of lifestyle intervention [Appendix 5 

(Morell-azanza et al., 2019)].  

While most lifestyle interventions pay attention to improving anthropometric and cardiometabolic factors, few of them have 

focused on lifestyle behaviors changes. We used lifestyle (HLD-I) and dietary indexes (DQI-A and KIDMED) to evaluate the 

overall diet quality in our population, and the prevalence of micronutrient and macronutrient adequacy using the Dietary 

Reference Intakes and the Acceptable Macronutrients Distribution Range (established by the Institute of Medicine, US 

National Academy of Sciences) (Heaney and Weaver, 2003; Trumbo et al., 2002) (Chapter 2).  

In the intervention group, a higher number of positive changes in most of micronutrient adequacy and in two out of three diet 

quality indexes evaluated (DQI-A and HLD-I) support the compliance of a healthy dietary pattern and PA recommendations. 

Furthermore, we found that diet quality scores were positively associated with micronutrient adequacy in the whole sample at 

baseline in line with previous studies (Iaccarino Idelson et al., 2017; Manios et al., 2010; Vyncke et al., 2013). In the 

EVASYON study, De Miguel-Etayo et al. observed that the DQI-A variation explained 98% of BMI and 95% fat mass index 

z-score changes in adolescents with overweight or obesity (De Miguel-Etayo et al., 2018). Regarding to HLD-I, higher scores 

were associated with lower prevalence of micronutrient inadequacy (Manios et al., 2010) and insulin resistance (Ertaş Öztürk 

et al., 2018; Manios et al., 2010).  

In our intervention, we observed an improvement in KIDMED scores in both groups. However, no statistically significant 

differences were found between groups, which might probably be explained by the Mediterranean diet pattern 

recommendations given to the usual care group. In line with our results, Arenaza et al. found no differences between groups 

(control and intervention) on KIDMED scores after a 22-week lifestyle intervention program in 81 Spanish children with 

overweight or obesity (Arenaza et al., 2020). In a recent review, Iaccarino et al. concluded that the KIDMED index is the 

most widely used questionnaire to score the adherence to the Mediterranean diet in children and adolescents showing a direct 

association with lifestyle factors such as PA and diet adequacy (Iaccarino Idelson et al., 2017). The positive association 

between the adherence to Mediterranean diet and adequate micronutrient intakes has been widely demonstrated in two cross-

sectional studies of 3,166 Spanish subjects aged 6–24 years (Serra-Majem et al., 2003) and 5,005 Israeli adolescents aged 11–

18 years respectively (Peng et al., 2019). 

One of the main components of the IGENOI intervention is the promotion of MVPA. In children, the objective measurement 

of PA by accelerometers has been considered the most valid method (Konstabel et al., 2014), and several protocols have been 

developed to determine PA levels (Borde et al., 2017). Following the methodology described in the IDEFICS study 

(Konstabel et al., 2014), in Chapter 3 we showed that only the intervention group increased MVPA after the intensive 

period, but the improvement was not maintained until the 1 year of follow-up. In addition, both groups decrease sedentary or 

light activity levels after 1 year of lifestyle intervention. Similar results were observed in two randomized controlled trials 
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(Hughes et al., 2008; Serra-Paya et al., 2015). However, some authors found no significant changes in MVPA or sedentary 

time after a lifestyle intervention in children (Arauz Boudreau et al., 2013; Davis et al., 2013; Taylor et al., 2015). We did not 

find significant differences between groups related to changes in PA levels, which is reasonable due to the same PA 

recommendation given to all participants. 

The main intervention effects occurred in the intensive period, demonstrated by significant differences between intervention 

subjects and usual care subjects. Intervention subjects showed a higher improvement in fat mass, DQI-A and HLD-I 

compared to usual care subjects at 2 months. However, no differences were detected at 1 year of follow-up. Several reviews 

about dietary interventions in childhood obesity have reported that the favorable results after the intensive intervention are 

complicated to maintain in the long-term. In fact, a healthy lifestyle is difficult to keep over long periods of time without the 

support of a multidisciplinary team, partly due to the permanent obesogenic environment (Kim and Lim, 2019; Mead et al., 

2017; Reinehr, 2013). In any case, our findings in the IGENOI study seem to indicate that a successful weight loss among 

children with abdominal obesity was accompanied by an improvement of individual behaviors in all participants. 

INFLUENCE OF DIETARY FACTORS ON TELOMERE LENGTH 

Since TL has shown to be involved in the etiology of diverse diseases, several studies have evaluated the factors that could 

modulate age-related telomere shortening. In our work, we found an inverse association between age and TL in both the 

pediatric (IGENOI intervention) and elderly population (SUN cohort) in agreement with previous studies in pediatric (Buxton 

et al., 2011; Needham et al., 2012) as well as in adult populations (Boccardi et al., 2013; Nettleton et al., 2008). In addition, 

in the elderly population (Chapter 5) we observed three potential factors related to telomere maintenance previously reported 

in the literature. First, women showed longer TL than men, in line with a meta-analysis including 36 cohort studies (Gardner 

et al., 2014). Second, never smokers had longer TL compared to former smokers or those who had ever smoked. This finding 

was consistent with a recent review of 84 studies including a dose-response meta-analysis of 30 studies where an inverse 

trend between pack-years of smoking and TL was observed (Astuti et al., 2017). And third, a higher risk of short telomere 

was also found in subjects with dyslipidemia, probably associated to an increased inflammatory and oxidative stress. The 

presence of dyslipidemia has been an independent negative predictor of TL in healthy subjects (Dei Cas et al., 2013) and in 

patients suffering from Cushing’s syndrome with an elevated cardiovascular risk (Aulinas et al., 2015). 

The variability in TL —independently of chronological age— suggests that it is a modifiable factor that may be partially 

explained by lifestyle behaviors. In the last few years, there is an increased interest in how dietary factors could prevent the 

aging process (T. Freitas-Simoes et al., 2018; T. M. Freitas-Simoes et al., 2016). In addition, there is a growing concern 

about lifespan improvement of middle-adults and elderly subjects as a consequence of the progressive aging of population 

and the onset of age-related diseases (Fabbri et al., 2015) .  

In order to characterize the relationship between dietary patterns and TL, we used both a priori and a posteriori approach, in 

an elderly subsample of SUN study (Chapters 5 and 6). In a priori analysis, participants with higher adherence to five 
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different diet quality indexes had lower risk of short TL. In line with other studies, we observed a significant lower risk of 

short telomeres among participants with the highest scores of adherences to DASH and AHEI-2010 (Crous-Bou et al., 2014; 

Leung et al., 2018). In the NHANES population, both indexes were studied in 4,758 adults showing a positive association 

between TL and diet quality only in women (Leung et al., 2018). In the Nurses’ Health Study (4,676 women aged 30–55 

years old), women with high adherence to AHEI-2010 had longer telomeres (Crous-Bou et al., 2014). Moreover, to the best 

of our knowledge, our investigation was the first study supporting that longer telomeres are associated with higher adherence 

to PDQS and FQI in elderly adults.  

Antioxidant-rich foods included in these indexes —fruits and vegetables, among others— could modulate the production of 

inflammatory molecules (Valtueña et al., 2008) and reduce the rate of telomere shortening as well as aging process (García-

Calzón et al., 2015c; Shivappa et al., 2017). Legumes or any other nutrient-rich plant foods have also been associated with 

longer telomeres. The antioxidant components found in the outer layer of seeds could be the responsible for the reduced 

oxidative damage and subsequent improve DNA repair as previously described (Bohn et al., 2010; García-Calzón et al., 

2015b). In addition, PUFAs modulate the production of lipid mediators, which could attenuate inflammation in different 

ways. Especially, omega-3 fatty acids are known for their antioxidant and anti-inflammatory properties that would decrease 

oxidative DNA damage attenuating telomere attrition (T. M. Freitas-Simoes et al., 2018). Inversely, intake of foods with high 

amounts of saturated fatty acids or trans fatty acids are associated with inflammation and oxidative damage. This fatty acid-

induced inflammatory status affects lipid profile, which may lead to telomere shortening (Mazidi et al., 2018). Furthermore, 

regular consumption of sugar-sweetened beverages might contribute to the development of metabolic diseases through cell 

aging (Leung et al., 2014; Wojcicki et al., 2018; Zhou et al., 2015). 

Regarding the Mediterranean diet, we confirmed a negative association between the adherence to this dietary pattern — 

applying the MEDAS index— and the risk of shorter telomeres. In an elderly Italian population, subjects with higher 

adherence to the Mediterranean Diet showed longer TL and higher telomerase activity compared to the group with lower 

scores of adherence (Boccardi et al., 2013). In the Nurses’ Health Study, a strong association between adherence to 

Mediterranean diet and longer TL was reported after adjustment for potential confounders (Crous-Bou et al., 2014; Liu et al., 

2016). However, the direct relationship between Mediterranean dietary pattern and TL seems to vary according to sex 

(García-Calzón et al., 2016; Leung et al., 2018) or ethnicity (Gu et al., 2015). In the NHANES epidemiological study (Leung 

et al., 2018) and the PREDIMED-NAVARRA intervention (García-Calzón et al., 2016) a cross-sectional analysis showed a 

direct association of the adherence to Mediterranean diet and TL only in women, and among whites but non among African 

Americans and Hispanic in a multi-ethnic study (552 men and 1,191 women) (Gu et al., 2015).  

When we analyzed dietary patterns using a posteriori analysis (Chapter 6), the results reinforced the notion that subjects 

with longer telomeres had a higher adherence to Mediterranean diet through a high consumption of vegetables, fruits, fish and 

seafood, olive oil, fruit juices, nuts and non-caloric sodas. Two interventions have reported a beneficial role of consumption 

of a specific Mediterranean diet on TL. Marin et al. indicated that an intervention with a Mediterranean Diet for 4 weeks 
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reduced intracellular oxidative stress, telomere shortening and apoptosis of endothelial cells in an elderly population (Marin 

et al., 2012). Moreover, in PREDIMED-NAVARRA, García-Calzón et al. showed a favorable effect of this dietary pattern 

during 5 years when considering the genetic background (interaction with the gene variant Pro12Ala in PPARγ2) (García-

Calzón et al., 2015a). The underlying mechanism for the beneficial effect of the Mediterranean dietary pattern could be 

related to the ability to reduce oxidative stress and inflammation, helping to preserve TL (Davinelli et al., 2019), as well as to 

the stimulation of telomerase activity in lymphocytes (Boccardi et al., 2013).  

On the other hand, in our Mediterranean population (Spanish subjects) we also identified a Western dietary pattern, in line 

with the increasing trend towards a westernization of dietary patterns in Mediterranean countries (Giménez-blasi et al., 2017), 

as also mentioned for pediatric populations. In our work, the Western dietary pattern was not associated to TL, in agreement 

with some studies (Crous-Bou et al., 2014; Karimi et al., 2018; Lee et al., 2015). Nonetheless, the consumption of more than 

3 servings per day of ultra-processed food was shown to be associated with an increased risk of short telomeres in this elderly 

population from the SUN project [Appendix 8, (Alonso-pedrero et al., 2020)].  

It is important to mention that most of the research papers evaluating the effect of lifestyle behaviors on TL are cross-

sectional studies, and causality could not be inferred. Thus, interventional and mechanistic studies are needed to establish the 

role of lifestyle patterns on TL.   

LIFESTYLE INTERVENTIONS AS PROMISING STRATEGIES TO TELOMERE MAINTENANCE 

A number of research works suggest that lifestyle interventions promoting a healthy diet and regular PA could be a promising 

approach to improve telomere maintenance (Balan et al., 2018; Erusalimsky, 2020; Ibarra et al., 2019). In line with the 

above, we have assessed the effect of a lifestyle intervention in terms of diet quality (Chapter 3) and PA levels (Chapter 4) 

on TL in pediatric subjects with abdominal obesity. We described that a greater quality of diet and lifestyle score at the end of 

an intensive phase (first 2 months) in the intervention group predicted longer TL at the follow-up period (10 months later). In 

regard to PA levels, we found that a 30-minute reduction in sedentary and light PA or a 30-minute increase in MVPA were 

significantly associated with positive changes in TL. Moreover, increasing daily steps in 1,000 was also directly associated 

with TL in subjects from the intervention group after the intensive phase. 

Cross-sectional analyses in adults reported that moderate levels of PA have a beneficial effect on TL compared to sedentary 

subjects (Cherkas et al., 2008; Du et al., 2012; Edwards and Loprinzi, 2017; Latifovic et al., 2016) and even with subjects 

that performed high levels of PA during long-term (Ludlow et al., 2008; Savela et al., 2013). Nonetheless, other studies 

reported inverse (Jantunen et al., 2020) or no association between PA and TL in adults (Bekaert et al., 2007; García-Calzón et 

al., 2014a; Von Känel et al., 2017; Song et al., 2010). In a young population including boys and girls, the possible anti-aging 

effect of vigorous PA was described only in girls (Zhu et al., 2012), while other authors reported no association with regular 

PA levels (Lee et al., 2011).  
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On the other hand, three randomized controlled trials have assessed the association between PA levels and TL in adults with 

overweight or obesity (Mason et al., 2013; Shin et al., 2008; Sjögren et al., 2014). One of these studies reported an 

association between lowering sitting time and telomere lengthening (Sjögren et al., 2014), similar to our results in pediatric 

subjects. As a possible explanation for the relationship between PA and TL an increase in TERT gene expression (Cluckey et 

al., 2017) and the presence of younger cells with longer telomeres (Simpson et al., 2012) have been proposed.  

We did not observe a significant change in TL at the end of intervention compared to baseline; however, a TL attrition 

reduction in the follow-up phase (10 months) of the lifestyle program in the intervention group was observed. Some 

randomized weight loss trials suggested an inconsistent effect on TL (Himbert et al., 2018). The EVASYON study achieved a 

reduction in telomere attrition after the intensive period (first 2 months of a lifestyle intervention, >-0.7 SDS-BMI) in Spanish 

adolescents with overweight (García-Calzón et al., 2014b). Likewise, in adults with obesity enrolled in a 5.5-month lifestyle 

intervention a TL lengthening was observed in subjects with a weight loss of 10% or greater. In the last years, several studies 

measured the TL after bariatric surgery (Dersham et al., 2017; Jongbloed et al., 2019; Laimer et al., 2016; Morton JM et al., 

2019) or intragastric balloon (Carulli et al., 2016) as treatments to substantially reduce weight and fat mass. These 

approaches are characterized by a significant rapid weight loss in adults with obesity and could to decrease telomere attrition. 

However, the results of some of these studies are still in discussion (Shah and Shah, 2019; Smith et al., 2018) and the 

evidence remains unclear (Himbert et al., 2018).  

It is important to mention that TL is also studied as a predictor of the response to lifestyle interventions in pediatric 

populations. In the EVASYON study, García-Calzón et al. reported that longer TL at baseline predicted glucose changes at 

months 2 and 6 of intervention (García-Calzón et al., 2017). Similarly, Morell-Azanza et al. observed that longer TL at 

baseline predicted a greater reduction in glucose levels after 2 months in the IGENOI population [Appendix 7 (Morell-

Azanza et al., 2019a)]. In this sense, it could be possible that subjects with baseline longer TL were less affected by 

inflammation and oxidative stress and they benefit more from the lifestyle intervention. Notably, an inverse correlation 

between baseline TL and changes in TL after intervention was reported in the IGENOI study, indicating that telomere 

attrition rate could be more prominent in subjects with longer telomeres (Chapter 3). This findings are in controversy with 

some authors who indicate a simply consequence of mathematical coupling (Giltay et al., 2011; Verhulst et al., 2013); while 

others indicate that the correlation between baseline TL and shortening over time is a true finding that must be look into 

further on the context of human cell cycle control and telomere maintenance (Aviv et al., 2009; Ehrlenbach et al., 2009; 

García-Calzón et al., 2014b; Kloss-Brandstatter et al., 2011; Nordfjäll et al., 2009). Lastly, although under debate, telomerase 

could preferentially extend short telomeres to protect TL and, therefore, to avoids possible epigenetic changes in telomeric 

and subtelomeric chromatin. This biological phenomenon could be the responsible for our result, a negative association 

between baseline TL and changes in TL after intervention (Blasco, 2007; Epel, 2012; Ge et al., 2016). 
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CONCLUSIONS 

 
1. In school children from the WHO European region, a healthy cluster consisting of high levels of physical activity 

and high consumption of fruit and vegetables, combined with low screen time use and low sugared soft drink intake 

was associated with less risk of overweight or obesity. 

2. After a lifestyle intervention, pediatric subjects with abdominal obesity achieved an improvement in anthropometric 

and biochemical parameters, lowering cardiometabolic risk. In addition, they improved their quality of diet and their 

adherence to nutritional recommendations assessed by diet quality indexes. 

3. Higher scores in two diet-lifestyle quality indexes (DQI-A and HLD-I) were able to predict longer TL in the 

intervention group of a Spanish pediatric population with abdominal obesity after a 12-month lifestyle intervention. 

Additionally, favorable changes in PA levels were associated with changes in TL in the intervention group after the 

intensive phase 

4. A lower risk of short TL was associated with higher scores of five diet quality indexes using a priori approach in an 

elderly Spanish population of the SUN study. In addition, a higher adherence to a posteriori derived Mediterranean 

dietary pattern was positively associated with longer TL in the same population.   
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Background: lnflammation related molecules such as tumor necrosis factor-a {TNF-a), interleu

kin 6 (IL-6), and cardiotrophin-1 (CT-1) are highly expressed in obese individuals and could 

partly explain sorne comorbidities associated to obesity. In obese children, lifestyle interven

tions are able to lower inflammation and reduce cardiovascular risk factors associated with 

obesity. The aim of the present work was to study changes in inflammation-related molecules 

serum and peripheral blood mononuclear cells (PBMC) transcript levels after a 10-week lifestyle 

intervention in obese children and asses their potential association with glucose metabolism. 

Methods: Twenty-three obese children (mean age 11.5 years; 48% males) underwent a 10-

week lifestyle not controlled intervention t rial. Anthropometric and biochemical measurements 

were analyzed. Transcript analysis for CT-1, IL-6, and TNF-a in PBMC were performed by RT

PCR. Serum cytokine levels were also measured at baseline and after 10-weeks. 

Results: Participants achieved a significan! reduction in body adiposity (0.34 decrease in body 

mass index-standard deviation), total cholesterol, and glucose levels after 10-weeks. A Signifi

can! decrease in serum TNF-a and C reactive protein (CRP) were observed. CT-1 transcript 

levels were significantly reduced (P = .005) after lifestyle intervention, and these changes were 

significantly correlated with changes in serum CT-1 levels (r = 0.451; P = .031). In multiple 

regression analysis baseline CT-1 transcript levels were positively associated with final insulin 

(R2 = 0.506; P = .035) and HOMA-IR values (R2 = 0.473; P = .034). 

Conclusions: We reported that serum CRP, TNF-a, as well as PBMC CT-1 transcript levels 

were reduced after lifestyle intervention in obese children. More studies are needed to clarify 

the role of inflammation-related molecules in glucose metabolism. 

K EYWORD S 

childhood obesity, CT-1, gene expression, inflammation markers, lifestyle intervention, 

weight loss 

1 INTRODUCTION 

Childhood obesity is linked to a state of chronic low-grade inflamma

tion and a number of inflammation-related molecules such as tumor 

necrosis factor-a (TNF-a), interleukin 6 (IL-6), and leptin are highly 

© 2017 John Wiley & Sons A/S. Published by John Wiley & 5ons Ltd 
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Reduced serotonin levels after a lifestyle intervention in obese children: association with glucose and anthropometric 

measurements 
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Reduced serotonin levels after a lifestyle intervention in obese children: association 
with glucose and anthropometric measurnments 
Disminución de los niveles de serotonina tras una intervención de estilo de vida en niños obesos: 
asociación con glucosa y medidas antropométricas 
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Abstrac t 
Background: serotonin slgnaJing partlcipates In bOO¡ welght regula11oo and gtuoose me1abolism. Mowelf\lr, 11111e lnlonnatlon Is avallable on 
clrculaúng se1otonin levels in ooese sub¡ects alter a Vflllght loss program. We aimed to assess the effect ol a lifestyle inteM)lltion on serotonin 
le\-clS in obose children and POSSible assocla1ions with anlhropomOOic and blood gluoose measurements. 
Methods: lorty-four obesa ch11dren mre enrollad In a ten-weel< llfestyle lnteM)lllfon oon~stlng ola modera te caJonc restl'ICllon dlet, nutrltlonal 
educati?n and lamllial lnvollf\lment. They \\'Cfe d~triouted acoe<dlng to lhe mighl loss respoose. SUbiects who lost > 0.5 61.1-SDS vf\lre oonsldered 
as high reSl)Onders (HR: n = 22) and lflOOe \\!lo l?st < 0.5 B~l-SOS. as ;q,, reSll<)llders (LR: n = 22). AllthfOfXlOlerric, biochemical parameters 
and plasma serotonln lavels were measureo as pre and POOt·intervcntion values. 
Resutts: ooese chlldron (lfl and LR gro®S) were able to reduoo anthropometrtc lndí<:es aod to ~e glucose IJ<Olile atter the lnterverill<Jn. 
interestingly, plasma scrotonin levels werc signiticanUy (p < 0.05) reduced in ali subjects (·35. 14 nmOlll HR 9roup aro -3Q.63 M'dll LR group). 
M04Wl<lf, multiple-adjusted regression models sllov/00 a s19nific.111t association bei'M)cn pre-intervenoon (R' = 0.224, B = 0.047; p = 0.004) 
and post-inteslf\lntion (R' = 0.14-0: B = 0.005: p = 0.042) pla$ma serotonin and glucose levels. In addition, in HR subiects changes in plasma 
serotonin were associa:ed with changes in g1uoose le•Jels (R? =- 0.292: b = 0.04: p =- 0.045). lnterestingty, pre and posHnterveribon plasma 
serotornn levels vrere inversely associated (p < 0.05) 'lrl.th anthropometric measures. 

Conclusions: seroronin ~Is were reduced alter a lifeslyle intervention tndependently of the program response. Moreover. plasma scrotonin 
~Is were associated wtth gloolse and anthropometric measures in ot:>ese children. 

Resumen 
Introducción: ia señafiración de la serotonina está invciJccada en ia regulación deJ pero oorporal y el metabolismo de la glucosa. Sin embaf90, 
existe pix:a informaciOO disponible sOOre kls niveles de sem1onina circulantes en sujetos obesos tras oo ~ograma de pérdida de peso. M.Jestro 
ob¡etivo fue evaluar et e1ecto 00 ma intervenc«'Jn de estilo de Vida en los ruveles plasmáticos de serotonina en nR>s obesos y su posible asociación 
con medidas antropométricas y de glucosa en sangre. 

Métodos: ruarenta y <mtro niños obesos participaron en ooa intervención de estilo de vida durante diez semanas coosi~ente en 00c1 dieta con 
restriccUl calórica mode1ada, educacOl ootriciooal y p¡uü::ipación familiar. tos sujetos que perdieton > 0,5 z·IMC fueron coosiderndos como 
al1os res¡¡ondedores (AR; n = 22) y aquelos que pe-<lieron ~ 0,5 z·IMC. como bajos respondedores{BR: n = 22). Los pasámetrosantropométrioos 
y bioQulmioos y los niveles plasmáticos de sef()(onina se midieron antes y después de la Intervención. 
Resultados: los niños obesos (g1ulJ<)$ Al\ y BR) pudieron reducir los índtcés antrfll)Ométricos y mejorar el perlil lipídico y glocémico tras la 
lntetvención. Los niveles p!asmá!JCOS de serotooma fueron Slgnificallvamente (p < 0,05) redlx:i<IOS en lodos Jos sujetos (·35, 14 nmol/l grupo 
<Je AR y -30,63 nmol!I grupo <le BR). Por otra parie, los modelos de 1egresión rmilbpte ajustada mostratoo ooa asociación sigrvt.:aliva ent<e los 
niveles plasmáticos de ser01onina y glucosa p1evfos a la Intervención IR'= 0,224, B = 0,047: p = 0.004) y tras la intervenoión IR'= o, 14-0. 
B = 0,055; p = 0,042). Adenlás. en los sujelosAfl IOS cambios en la ser01onil\a plasmática se aSOCía<on con camblOe en los ni•reles de glu· 
cosa ¡R' = 0,292: b = 0.04: p = 0,045). Los niveles de ser01onina plasmáliea antes y despuéS de 1a.1tervencl6n se asotialon inll\ll$amente 
(p < 0,05) con lndiees an~opomélr1cos. 

Conclusiones: los niveles plasmáticos de serotooina se redu)elon ttas una intervenclóo de estitodevlda en todos IOS gtupos Además los rt<eleS 
pla.Smáticoo de serotonina se asociaron coo n1veJes de glucosa e indices antropomé1l'ICOS en niflos ot>esos. 
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Chapter 12 

Aging, Telomere lntegrity, and 
Antioxidant Food 
Ana Ojeda-Rodriguez1

•2, Lydia Morell-Azan2a 1•2, Lucia Alonso-Pedrero1
•2 and Amelia Marti del Moral1

•2•3 

1 u,,n..-rslry Clf Nt11'tl1n1. PamplC111a. Spa/11: 11,HSNA (/11Mi'11to ,¡t' lm-eMi$Mi4'1 &111itdrla de Now1rruJ. Pamplooo. Spain: 1C18ERobr (Cemro 

,/t' lm•dJigt1d6Jt 8i1»rli,/kt1 t!ll R.t!d. f'i.Jfo¡K1mlogk1 dt! la 1)/N3i1kul .v 1muid6J1j, Cw'i~M 111 Ht!'1lt/1 Jmtitwe, M11drid, StXlill 

1. AG ING ANO CELLULAR SENESCENCE 

A rn~jor pubHc hcahh ill1n is 1hc prcvcntion of :.,gc-rclatcd palhologics. sincc thc propo11ion of clder popula1ion is 
increasing in almost all countl'ies ( J l. Aging is a n1ultifactol'ial. t i1ne-depende11l decline in physiological funcrjons of 
mulliple t..)rgans and 1issues 1hal occurs in biological sys1ems (21. h is 1he result of molecular in1eractit)n$. ce-llu1ar re
sponses. and protein actions in differcn1 tissues and multiccllufor o rganis1ns, associatcd with mcchillisms such as 
deregu1ated autophagy. n1itochondrial dysfunc1jon. telon1e.re shortening. oxidative stress. sys-ten1ic inftam1nation. metabolic 
dysfunttion 131. and $énescente-(Fig . 12. I ). These hallmarks of aging are divided in10 three ca1egories: 1ht cau$éS o f age
associatcd daniagc; thc n:sponscs to thc dama.ge~ and thc conscqucnces of thc responses and culprits of thc aging 
phenotype [41. ln the last 2decades there has been inteosively s.tudied tite telomeie sho11ening. which is influeoced by 
genctic and life$1ylc foctors 15}. Ag:ing occ:urs at all levels (moleculnr. ccllular. and Orgtm levels) and i•volves a la.rge 
number of genes L6J. Tite effeccs of aging are reftec:ted as deoxyribonucleic acid (DN'A) dan1age in hu1nan cells l 5). 

Cellulal' senescence is the rnain agiog-related eve11t l~l aJld can be defined as tJ1e il'reversible tell cycle arrest (usually in 
Go su11e). which 1nay contribu1e 10 pheno1ypic thange$ (3}. Sene$c:ence am:st is irreversible bctt1use-there i$ no s1imulus 
able torejoin the ceU cycle l 6J. Cell cycle arre~ requires the overexpression ofp53. pRB. p2J. or pl61

NK4:J (6). Throughoul 
life hurnans produce tllese seoescent cell.s. whi:-h are accumulated in 1ni1otic tissues. causiog tissue degra.dation and Jeading 
10 lhe aging process 16}. 11 has been known sinc:e 1970 lhal every time ti ccll divides, one cell enter$ randomly in10 a 
senescenl state and lhis chance is increased with each division (7J. 

Haytlick et al. (7a) found 5 decades ago 1ha cells have a li inited prolifera.tion in hurnan fibroblasts [6J. f\'ow it is known 
that lhc scncsccnce obscrved by Hayfl ick une! colleagues wa$ due to lelomcrc sho11ening 18). Moreover. senesccnce in
volves changes in chromatin organization and gene expression. resulting in cells that º''erproduce a IJrge variety of 
proioflammmory cytokines. ioterleukio.s. clv.rnokines, proteases. and grow1h factors (71. This proccs:s. called Lhe 
sc:ne$ccnce-associated sccrctory phcnolypc (SA.SP). has potenl autocrinc and paracrinc activity 191. 1issuc rcmodeHng, and 
in1n1une cell rec:rui1n1en1 L4J. 

rvtoreover. rnany pathologies have been associa1ed with sene..1;ceoce .. Sol'oe s1udies have shown that sene.~cen1 cells 
could lcad to pathologk:aJ slatcs [3.7), inclucing sarcopcnia. uthcrosclcrosis, hcru1 failurc, ostcoporosis. 1nacular dcgcn
eraüon. pulmonary insufficiency. re.nal failure. diabetes. neurodegenernlion. cance.r. and crudiovascular disease. an1ong 
Other.; 16]. 

There are lwo rccognizcd types of ccllular scncsccnce: rcplic~1tivc scncsccnce ruid strcss·induecd prcnia1urc scncsccnce 
(SIPS) 110]. 111e fi1'Sl 1efers to telo1nere aurition. capping the end of chron1osomes: and the second is tñggered by external 
foctors. rnitoge-nic oncoge.ne-$. and irradiation, leading 10 SIPS 191 \Vhich is not related to 1elo1nere. shortening 110). 

Scncsccncc plays its main role in prcvcnting tissuc damngc and potcntiaJ oncogcnic cclls. thus it lms a bcncficial 
con1pe1lsa101')' 1espoose to drunage. However. tl1is process should work effic:ientJy as a l'eplace1nent 1nechanism for cell 
cle-arancc and killing 18}. and is tárried o u1 by the- immune syste-m ánd s1imula1ed by SASP (61. The irnmune-Sy$1em 

(11!.;~by, lllt:p,:A~M'ltfl•, U) l "'tc'l?ll.f,.114' 1?.4'·$.t(ltl 1-:0.. 
C'>t'?ñ@:k O W lll Ek>kf l!lo:. AH •V!•t< ot>o<"n-tll. 

241 



 

171 

Appendix 5 

Melanocortin-4 receptor and lipocalin 2 gene variants in Spanish children with abdominal obesity: effects on weight 

loss after a lifestyle intervention 
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Appendix 6 

Changes in objectively measured physical activity after a multidisciplinary lifestyle intervention in children with 

abdominal obesity: a randomized control trial 
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Appendix 7 

Associations of telomere length with anthropometric and glucose changes after a lifestyle intervention in abdominal 

obese children 
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Appendix 8 

Ultra-processed food consumption and the risk of short telomeres in an elderly population of the Seguimiento 
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Ultra-processed food consumption and the risk of short telomeres in 
an elderly population of the Seguimiento Universidad de Navarra 
(SUN) Project 
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Al~~,.RACT 

6.a<'kground: Telo(nere le1lg1.h (TL) is a 1narket of biological age 
that nl<1y be affec.tcd by dieLary fuc.tor.o through oxidalion and 
inffa1nn1:11ion n1cchaniSJllS. In addi1ion, ultra-proceo;scd food (UPF) 
<"Onsul'nption has increased wol'Jdwi<le a11d it has been as...~iated '-\'ith 
1he risk of dc\'eloping se•1c.r.d di$CZISCS. 
Obj~tives: \Ve ajJue<I co e,·a.luate 1he :issociatioo t>e1ween UPF 
<'ónSutuption and the ri.sk -Of having í>hort tclo111eres in an cl<terly 
popultltic)n of che Scguin1icntn UnivcrsicL'1d de Navarra (SUN) 
P1\)jec.t. 
~t t.•l hl•d.s : This is a cross-sc<:tion;tl study of 886 partídpan1s (64S 
rtlcn and 241 Y•on1cn) aged 57-91 )' recruited fro1n 1hc SUt\ ProjlX:'l 
(Spain. 1999-2018). TL wa.s n1easured fro1u sali''ª sa1npJes by 
real-1imc qf'CR a1 basclinc. and UPF ronsumplion was colloc1cd 
using :i \':llid;.lted l 36· iten1 FFQ 3nd classified accotdin8 10 che 
NOVA ~)'Stc1n. \Ve ev~1Juatod the association betwec-0 éónsu1np1ion 
Qf cncrgy·:tdju.s1ed UPF ca1cg9ri:t.cd inloqu:irti1c:s (IQ'\\', n1cdiun1-'low, 
1nediu1n-high. and high ooosu1npcion) a1)d tbe risk of having sho(I 
tclon1cres ( <20lll pcrc.entilc) usíng logistic rcgression model.s. 
Results: Thos'~ p:itücipan1s with 1hc highest UPF cons1.11nplil)ll htid 
aJmos:11wiee the odds ofhaving shoJt felo1»eres<.-01npared ,.,.ith lhose 
with thc lowes:t oon.<;u1npcion (adj ustcd (>R: 1.8'2: 95tk;CI: 1.05. :i;,22: 
P· tf.¡;nd = 0.03). 
CóndusiónS: A higher éOnsumplion of UPr (>3 Sér\'ÍngS/d) '"as 
:t.S.."'Oeiatcd \\'i lh highcr risk of h.aving ~honcr tclomcrcs in sn c1dlerly 
Spanish populmio11 of the SUN Project. This trial u•as J'l!gi~tered ;u 
clinic.u.hrials.gov as NC'f02669602. An1 J C/in /11111r 2020:00: 1-
8. 

Ke.l'"'(ll'ds: telomcrc lcng1h, ultr:r pmoosscd food. SUN C(lhor1, 

crC>SS·Sc.'!1.';tionál s1udies. die.1 

lntn>duction 
Telomcre leng1h (TL) could be rnodilicd by b(nh li fes.l)'le 

( food in1ake. physical acti,•i1y. s1noking) ( 1) aJld genelie fat -tors. 

In view of this, several s1udic:s havc Í(X"U$C:d ()n stud)'ing: thc 
i1npaet of d ie.l 01) TL. TeJon)etes (frorn the Greek 1el1>:t (eod) 
and 111eros (part)j (2) are 1he noocoding seccjoos located •U 
thc end of eukaryotc chrQn1osomcs (3). Telo1nercs consisl of 
tanden) 1TAGGG repeats with a le1)gth of 4-25 kb. associatt'd 
\\'ith specialized pr<Weins and involved in the proteccioo of 
DNA lhn>ugh dlft'crcnl mc:chonism.s. prcserving ch.rQmQoomc 
stability and in1eg_rit)' (3). TL ge¡s .sho11er throug.hou¡ the life 
s¡xul '"i1h e.-ich ceJI division losing thousaods of bo.lses (3()...200 
nuclcotide:s/division) (3). Thu'>. tclo1n.crc:s are considcn::d mnrtcr.s 
of biological age (3). Oxidalivc s11-e..:;s a1id inlla1nrna1jou are the 
mechanis1us associated \Vith telo1uere shortening. Specifically. 
1clomcrcs whk·h are rk·h in gu:inincs-pronc tQ oxidatioo to 
8--0x.o-214 df'oxyguano • .:;ine-art: likefy 10 be. ao·oc1ed by tho..:;c 
n1echanis1ns (4). 

keg:1rding dicu1ry pancrns, g.lobal.I)' frcsh·food consunJption 
is decreasing 1ose1ht-r '"h~reas ultra-procc~.:;sed food {UPf) 
consunlption is increasiog_ (5). UPFs afe indusoial fonnulalioos 
of food 4 dcrivcd subslanccs (oils. fats. sug:us, starch, protcin 
isohttes) that tonta.in liule or no wholt- fuod and o ften 

$t.lppo11eíl by S¡~nil>h O<wen1 r1~n1--ln.~ti luh) dt' Sall.MJ; 0-\rl()c\ 111 
(CLUe:R·OllN) l1.t1d EA•~l'I Reg1on:1I l>c\'élopmcnl r .,oo (féDt:.R) t;r.1.n1 
PI 1711)17<)5 (lo r-..IB·R.) ~nd the U11i\·cr.;i1y o.fN:w<11T.1. 

SuppknK'nlal Tobkl' 1 .ond2 nnd SupplCllt(l\tal Fi~ure 1 aretiV'.tiJabk freo111 
lhc ''Suppk-rocn1.ary d:11:1'' link in lhcOJl li~ po.sl'.ing of thc-anide a1)(f f-rom 1he 
s:11~ link in úic oolinc l:ibk oí coment~ :n ht1¡>SJ/~:1dcmic.oop.comfajcn/. 

Oa1a d~5.eribet1 in 1h;:o ;\11ide, oode hl)()'k. :ulJ :tn~ly1ic l'\'l\le will l.* fl\:'1de. 
:·1v:li l;abk 1.11)1)11 1\'i111~ pcnd11.l~ :.ippli<:M«.>n :1(1d "'l)PfO\':d. 

¡.,16 -R ;and Ari.'J (:(IOlrik•tt cl cqu.;illy 10 lbe V.'Ork. 
Addrelil' l."omspondc-n~ to A}\i (e4 rnail: umt1ni@u11av.e;s) Of ~iB·R (e· 

rnail: n1bc:.@-un.av.C'$). 

Abbm'i'lltioni: uscd: CVO. c;1rd1o~~ular discase. SSB. su~at·S\itttlCtlcd 
1:-e,~1':1.g_e: SUN, S..-!uimi<'nl<t Univmid:ld d~ N3: ... :ura; il. telooieít lengll1; 
VPP, ulfr;t•pnX:.,Sc,11'('11)11, 

Receh'td J:.ua1•:.try 16, '2020. A.,;~plctf for pu-t>J tl.:<Mii>n r-.-lm\"'Ji 26. l020. 
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