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General Introduction
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BACkgROuND

Definition

The World Health Organization defines overweight and obesity as ‘abnormal or excessive 

fat accumulation that may impair health’. Body mass index (BMI) is a simple measure that 

is used internationally to classify overweight and obesity, and determine prevalences. It is 

calculated as weight (in kg) divided by the square of height (in m2). In adults, cut-off values 

of 25 kg/m2 for overweight and of 30 kg/m2 for obesity are used, based on their associa-

tions with future morbidity and mortality.1 In children, BMI has its limitations, because of 

the changes in body composition that take place during growth and maturation. However, 

it has been shown that BMI predicts body fat in children with a sensitivity of 84 to 94% and 

a specificity of 88 to 93%.2 In 2000, the International Obesity Task Force defined age and 

sex specific cut-off points for overweight and obesity in children aged 2 to 18 years that 

are comparable to the cut-off values in adults (Figure 1).3 These age and sex specific cut-off 

values were based on an international survey.
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Figure 1. Cut-off values, defined by the International Obesity Task Force, for overweight and obesity in boys 
and girls.
— overweight
— obesity
Source: Cole et al, BMJ 2000.3
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Prevalence

From the 1980s, the prevalence of overweight in children and adolescents increased in 

the Western world. In the United States, the prevalence in adolescents aged 12 to 19 

increased from 10.5% in 1989-1994 to 34.4% between 2000 and 2004.4,5 In the Neth-

erlands, where our studies were conducted, the prevalence trebled between 1980 and 

2004 from 3.9% to 14.5% in boys aged 15 years, and from 6.9% to 17.5% in girls aged 15 

years (Figures 2a & 2b).6 Although the prevalence of overweight and obesity in children 

and adolescents remains very high, recent data suggest that in many countries the rise 

Figure 2a. Prevalence of overweight and obesity in Dutch boys.
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Figure 2b. Prevalence of overweight and obesity in Dutch girls.
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in prevalence is leveling off. Data from the USA showed no increase between 1999 and 

2010, except among boys in the highest BMI category.7 A similar trend was found in the 

Netherlands8 and in France.9 Two Swedish studies reported no significant increase in boys 

and a decreasing trend in girls, although prevalences remain much higher than in the 

1980s.10,11 These studies emphasized the persistently higher prevalence of overweight and 

obesity in socioeconomically deprived areas, which remains of concern. Especially in boys, 

an increase in social disparity was observed.11

Several possible explanations for the stabilization in prevalence can be hypothesized.9 

Public awareness has increased regarding the detrimental effects of childhood overweight 

on physical and mental health. Alternatively, it is possible that the prevalence has reached 

a plateau considering the population distribution of genetic, environmental and specifi-

cally socioeconomic risk factors for childhood overweight.

Risk factors

Social changes explaining the increased prevalence of overweight and obesity are mul-

tiple, such as larger portion sizes, increased sedentary recreation and use of motorized 

transport.12 On an individual level, risk factors for childhood overweight can be broadly 

divided into six groups: (1) genetic / inheritance, (2) social factors, (3) growth, develop-

ment and programming, (4) physical and sedentary activities, (5) dietary factors, and (6) 

behavioral and psychological factors. 

1. Genetic / inheritance

Parental overweight is associated with an increased risk of childhood overweight (odds 

ratios vary from 2.1 to 2.9), independent of other important risk factors in early life such as 

birth weight and socioeconomic status (SES).13 Recently, genome wide association studies 

in large cohorts have identified common variants associated with overweight, most impor-

tantly variants in FTO (fat mass and obesity associated) and near MC4R (melanocortin-4 

receptor) genes.14,15

Few studies have investigated the role of genetic variants in childhood overweight and 

its associated metabolic traits. It would be interesting to evaluate these associations in a 

population-based cohort.

2. Social factors

Most studies conducted in developed countries showed an inverse association between 

SES and overweight.16 Additionally, a higher prevalence of overweight has been reported 

in children of single parents and in children living in urban compared with rural areas.17 

Evidence for ethnic differences was found in studies from the USA which showed that 
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African Americans, Mexican Americans, and Native Americans have an increased risk 

of becoming overweight.18 In the Netherlands, children from Turkish origin showed the 

highest prevalence of overweight.8 Ethnic differences can be ascribed to socioeconomic 

differences, but genetic and cultural influences are also important.18

3. Growth, development and programming

It has been reported that critical time periods exist in which accelerated growth repre-

sents a risk factor for subsequent overweight.19 Specifically, these include intra-uterine 

development, early infancy, the period of adiposity rebound, and adolescence.

- Birth weight has been studied as a proxy for intra-uterine development. A consistent 

positive association was found.13 More recently, a J-shaped relationship was suggested, 

but little attempt was made to adjust for potential confounders such as gestational age, 

parental fatness, and SES.20 Birth weight could be influenced by maternal overweight 

and gestational diabetes,17 maternal smoking,21 and famine.22 

- It has been reported that rapid infant (or early childhood) growth is associated with an 

increased risk of subsequent overweight in adolescence and adulthood.23-25

- The period of adiposity rebound, between ages 4 and 7 years, has also been described 

as important in the development of overweight in later life.26 Timing of the adiposity 

rebound was found to be associated with adult overweight, independent of BMI at the 

start of the adiposity rebound.26 

-  Early maturation during puberty is also associated with an increased risk of subsequent 

overweight.20

It would be interesting to evaluate which periods of infant or childhood growth are most 

important in the development of overall and abdominal adiposity in adolescence. Addi-

tional analyses could determine if the magnitude of the associations between growth in 

critical periods and overweight in adolescence is different dependent on smoking during 

pregnancy.

4. Physical and sedentary activities

It is well known that low levels of physical activity and high levels of sedentary activity 

increase the risk of overweight.27,28 Studies regarding physical activity consistently report 

that low levels are associated with childhood overweight, except in the youngest age 

groups.27 Research on sedentary behaviors show inconsistent positive associations and 

small effect sizes, with stronger associations in preadolescent children.27,29

5. Dietary factors

Studies concerning dietary factors can be divided into two groups: those studying infant 

feeding, particularly breastfeeding; and studies on dietary intake in childhood. Breastfeed-
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ing might influence early growth,30,31 but it probably does not contribute greatly to sub-

sequent overweight, certainly not after adjustment for socioeconomic characteristics.31 

The small effects that were reported, might have been due to differences in feeding 

style associated with breastfeeding.32 Research on the longitudinal association between 

dietary intake and subsequent overweight did not result in clear evidence for a causal 

relationship.20,33 Studies were often limited in sample size and hampered by difficulties in 

measurement of dietary intake. Although there is insufficient evidence to determine the 

effectiveness of school-based dietary interventions to prevent overweight, some studies 

suggest a positive influence on BMI, at least in the short term.34 Evidence was found for 

sweetened beverages as risk factor for overweight,32,35,36 which could be explained by 

increased fructose consumption.35 Fructose consumption leads to increased triglycerides, 

lipogenesis, and blood pressure; and has a smaller effect on leptin and insulin release in 

comparison with similar amounts of glucose.

6. Behavioral and psychological factors

Difficult temperament in infancy and childhood has been associated with subsequent 

overweight.37 Other behavioral predictors include parental control of feeding (restric-

tion of food intake might lead to overweight in high risk groups)38 and sleep duration. 

A meta-analysis showed that sleep duration and overweight were inversely associated, 

although results were inconsistent in adolescent girls.39 Nevertheless, both observational 

and experimental evidence suggest that an association between short sleep duration and 

overweight exists.40 Impulsivity has also been associated with overweight,41 but most re-

search has been performed in clinical samples of overweight children seeking treatment, 

which limits generalizability to the overall population.42 

Psychological predictors include anxiety43 and depressive symptoms. Depressive symp-

toms have been described as a predictor and as a consequence of overweight, primarily 

in adults but also in adolescents.44 In contrast to the common idea that overweight might 

lead to unhappiness and depressive symptoms, recent reports suggest that depressive 

symptoms could also precede overweight and consequently predict development of 

overweight.44

It would be important to know if childhood depressive symptoms are also associated with 

abdominal adiposity and its related metabolic traits in adolescence. 

Studies regarding the association between impulsive traits and overweight in population-

based cohorts are scarce.42 It would be interesting to evaluate whether genetic variation in 

impulsivity related genes underlies the differences in impulsive personality characteristics; 

and if so, whether these differences also lead to differential risk for overweight.
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Implications and consequences

Childhood overweight is a major public health concern because it is associated with 

overweight and cardiovascular morbidity and mortality in later life.45,46 Although popu-

lation attributable risk calculations showed that less than half of adult overweight can 

be attributed to childhood overweight, correlations between childhood and adult BMI 

increase with age and BMI of the child; and overweight in school-aged children has a posi-

tive predictive value of 42 to 63% in predicting adult overweight.47 In addition, overweight 

in childhood and adolescence has been associated with development of the metabolic 

syndrome, a cluster of cardiovascular risk factors, in adulthood.48,49 Adolescent overweight 

is associated with an increased risk of not only cardiovascular mortality, but also of death 

due to colon cancer, and endocrine, nutritional and metabolic diseases.46 Overweight in 

childhood and adolescence has also been related to sleep apnea, polycystic ovary disease, 

and various orthopedic problems.48 In terms of mental health, social stigmatization and 

isolation are known consequences of overweight.48 Obese adolescents tend to develop a 

negative self-image which appears to persist into adulthood.

Already in childhood, overweight is associated with development of the metabolic 

syndrome, consisting of a cluster of cardiovascular risk factors. In line with the definition 

of the metabolic syndrome in adults, several research groups have developed criteria for 

children based on abdominal obesity, dyslipidemia, glucose intolerance and hypertension. 

In 2007, age-adjusted criteria were defined by the International Diabetes Federation (IDF). 

However, there is still no consensus on which criteria are most suitable.50 Studies applying 

various criteria reported a wide variation of prevalences. It is clear that the prevalence 

is increased in overweight children. Although the existence of exact cut-off values for 

normal versus pathological remain controversial, it is evident that abnormalities in the 

components of the metabolic syndrome already start in childhood.51 However, the con-

struct stability of the metabolic syndrome is limited and insufficient evidence exists on 

the predictive value of childhood metabolic syndrome for adult cardiovascular disease. 

Therefore, the usefulness of the ‘metabolic syndrome’ as a construct in children remains 

under debate.51 

Adolescence

One of the critical time periods, in which accelerated growth presents a risk factor for 

subsequent overweight, is adolescence. Adolescence is a decisive period in human life 

because of the multiple changes that occur between childhood and adulthood. Puberty is 

the primary neurohormonal determinant of both physiological and psychological changes, 

although social and behavioral factors must also be considered in this process.2 Indeed, 

many important determinants for overweight will change in adolescence. For example, de-

pressive symptoms become more common, increasing the likelihood of a simultaneous oc-

currence. This raises questions about a possible association or common cause, as described 
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in an early review article on obesity-depression associations in the population.44 Moreover, 

lifestyle changes occur, influencing time spent in physical and sedentary activities.

During puberty, sex-specific changes in body composition occur. Fat mass increases both 

in girls and in boys, but in boys this increase ceases earlier and even reverses temporarily. 

Therefore, girls tend to accumulate more fat mass during adolescence.12 Pubertal develop-

ment is also associated with accrual of visceral fat and development of insulin resistance. 

Therefore, adolescence is an important period for studying associations between behav-

ioral factors, body fat, and metabolic traits.48

POPuLATION & MEASuRES

Most of the research described in this thesis was performed among adolescents partici-

pating in the TRAILS (TRacking Adolescents’ Individual Lives Survey) study, a population-

based cohort study assessing psychosocial and physical health from preadolescence into 

adulthood.52,53 Sample selection entailed two stages (Figure 3). First, personal information 

(i.e. name, date of birth, sex, and address) was requested through community registers 

on all inhabitants of five communities in the three northern provinces of the Netherlands, 

who were born between 10-01-1989 and 09-30-1990 (first two municipalities) or between 

10-01-1990 and 09-30-1991 (last three municipalities) (n=3483). Simultaneously, all pri-

mary schools attended by these children were asked to participate, to allow for measure-

ment visits and participation of teachers in the questionnaires. Since school participation 

Figure 3. Study population.
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was a prerequisite for eligible children and parents to be approached, 338 children were 

excluded from schools which refused participation. The second stage involved informing 

parents and children through brochures and school visits. Parents were contacted by 

telephone to ask whether they and their son or daughter were willing to participate in 

the study. Respondents with an unlisted telephone number were approached through 

mail and home visits. Children were excluded from the study if they were incapable of 

participating because of mental retardation or a serious physical illness or handicap, or 

if no Dutch-speaking parent or parent surrogate was available and it was not feasible to 

administer any of the measurements in the parents’ language (n=210). Of the remaining 

2935 children, 76.0% (n= 2230; mean age = 11.1 years, standard deviation (SD) = 0.6; 

50.8% girls) were enrolled in the study after extensive recruitment efforts. Written in-

formed consent was obtained from parents.

The baseline assessment visit took place from March 2000 until July 2001. It consisted 

primarily of questionnaires on mental and physical health and lifestyle (filled out by child, 

parents, and teacher) and a parent interview to collect information on, amongst others, 

sociodemographic characteristics, developmental history, and general health of the child. 

In addition, weight, height and skinfold thicknesses were obtained. From September 2003 

to December 2004, the second measurement visit was conducted, in which 96.4% of all 

baseline participants (n =2149; mean (± SD) age 13.6 ± 0.5 years; 51.0% girls) participated. 

To minimize loss to follow-up, this assessment visit was limited to questionnaires and mea-

surement of weight and height. The third assessment visit, which took place from October 

2005 until December 2007, was more extensive. Apart from weight, height, and skinfold 

thicknesses, additional anthropometric measurements were performed including waist 

circumference and hand-to-foot bioelectrical impedance analysis, from which percentage 

body fat (%BF) was calculated. Moreover, blood pressure was measured. A blood sample 

was obtained after at least 8 hours of fasting for DNA isolation; and for measurement of, 

amongst others, glucose, insulin, cholesterol, and triglycerides.

In collaboration with the Department of Health Sciences, previous growth data, includ-

ing birth weight and birth length, recorded at well-child clinics were collected of 1669 

participants. This represents 74.8% of the original cohort, because not all records could 

be traced (n=239, 10.7%), and not all participants gave informed consent to extract these 

data (n=322, 14.4%).

AIMS AND OuTLINE

The main aim of this thesis was to investigate risk factors for the development of over-

weight in adolescence. We focused on individual risk factors rather than cultural and 
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social factors or policy on municipal and national levels. A second aim was to compare and 

validate various measurement methods of overall and abdominal adiposity in children.

In the first part of this thesis we describe risk factors for overweight in adolescence. In 

chapter 2, we focus on genetic factors. Chapter 2.1 describes the role of common genetic 

variants on overweight and metabolic profile. In chapter 2.2, we evaluate the genetic 

influence on impulsivity and overweight. In chapter 3, we focus on important periods of 

childhood growth for overweight in adolescence. Chapter 4 starts with a review of the lit-

erature regarding depressive symptoms in childhood as a predictor for overweight in later 

life (chapter 4.1). In chapter 4.2, we describe our own findings regarding the longitudinal 

association between depressive symptoms and overweight.

The second part of this thesis consists of two studies on measurements of body compo-

sition in prepubertal children. Although BMI is easy to obtain and very reliable, it does not 

differentiate between lean body mass and fat mass. The most reliable measures for total 

body fat are multicompartment models, underwater weighing, doubly labeled water, and 

dual-energy X-ray absorptiometry (DEXA); and for abdominal fat computed tomography 

(CT) and magnetic resonance imaging (MRI).51 However, these methods are not suitable 

for large epidemiological studies because of high costs and limited accessibility. In large 

study populations, it is important to use valid but practically applicable measures of total 

and abdominal fat. We compare various measurements of total body fat chapter 5.1. 

Chapter 5.2 describes the validation of measurements of abdominal adiposity.

We compare and discuss the various determinants for adolescent overweight in chapter 

6. We discuss pitfalls and implications for public health strategies. We also offer sugges-

tions for the direction of future research.
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