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In 2008 a panel of experts of The Obesity Society (TOS), the leading professional obesity 
society in North America, wanted to provide and answer to the question whether obesity 
should be considered a disease (1). Since the prevalence of obesity kept increasing and 
obesity increases the risk of many morbidities, joint actions and aid of broad sectors of 
society to decrease the prevalence of obesity were needed. The TOS believed that label-
ing obesity as a disease would have more positive than negative consequences. They 
thought that it would lead to more resources being put into the prevention, treatment 
and research of obesity, but also to a reduction of stigma and discrimination towards 
obese persons. Therefore, in 2008, TOS declared obesity as a disease (1).

Obesity is defined as abnormal or excessive fat accumulation that may impair health 
(2). Childhood obesity is a public health problem and its prevalence has increased world-
wide over the past few decades (3). In 1990, worldwide 4.2% of children up to the age 
of 5 were defined as overweight or obese, while in 2010 this number was already at 
6.7% (4). This trend is expected to reach 9.1% in 2020 (4). For children aged 2-19 years 
the obesity prevalence in the United States has increased from 13.9% in 1999-2000 to 
18.5% in 2015-2016 (5). In the Netherlands, between 1981 and 2015 the prevalence of 
overweight in children aged 4-20 years increased from 10.1% to 21.1% (6).

Children with obesity are 5 times more likely to be obese into adulthood compared to 
children without obesity (3, 7). Children and adults with overweight and obesity have a 
high risk of developing diseases targeting almost every organ system in the human body, 
some of which are presented in Figure 1 (8, 9, 10, 11, 12). These medical consequences 
can already be present during childhood and adolescence, but may also develop dur-
ing adulthood (10). Furthermore, children with obesity have a greater risk of dying at 
a relatively young age due to comorbidities (i.e. diabetes and cardiovascular diseases) 
being carried over into adulthood (3, 13). Besides medical consequences, there are 
also psychosocial consequences of childhood obesity such as bullying, a low quality of 
life, fewer friends, and a low self-esteem (12, 14). Children with severe obesity report a 
significantly lower health-related QOL than healthy children and a similar health-related 
quality of life as children with cancer (14). Not only did children with obesity report a 
significantly lower score in total scale score for health-related QOL in comparison with 
healthy children, but also in all individual domains (i.e. psychical, psychosocial, emotional, 
social, and school functioning) (14). The social consequences of obesity may contribute 
to continue having difficulty in weight management, since children with overweight tend 
to have fewer friends which results in less interactive play and more sedentary behavior 
(12). Moreover, to prevent negative comments and bullying from happening, children 
with overweight tend to isolate themselves at home and may seek food as comfort (12).
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Causes of obesity

The development of childhood obesity involves a complex set of factors that involve 
genetic, individual and environmental factors, which interact with each other (15). An 
overview of these factors are presented in Table 1. Weight gain results from an imbalance 
between energy intake and energy expenditure (15, 16). An increase in positive energy 
balance is often associated with dietary preferences and a more sedentary lifestyle (17, 
18).

Genetics are often examined as a cause of obesity, but it is estimated that genetic 
factors account for less than 5% of cases of childhood obesity (19).

Individual factors that contribute to childhood obesity are, amongst others, intra-
uterine exposure to maternal diabetes and having a mother or father who is overweight 
or obese (20, 21). Parental educational level and family income inversely correlate 
with the risk of childhood obesity (20). Other well-known individual risk factors for the 
development of childhood obesity include a decreased physical activity with increased 
sedentary behavior and an increased intake of energy-dense foods that are high in fat 
and sugars (15).

Examples of environmental factors associated with obesity include the fact that un-
healthy food options are often less expensive than healthy options, recreational facilities 
are not accessible for all children and media and television-advertisements promote the 
unhealthy, sugary foods (22).

 

Respiratory
- Asthma 
- Exercise intolerance 
- Sleep apnea 

Musculoskeletal
- Injuries
- Fractures

Neurological
- Risk of stroke 
- Pseudotumor cerebri

Bloodvessels
- DVT 
- Pulmonary embolism

Gastrointestinal
- Liver fibrosis
- Gallstones 
- Steatohepatits

Cardiovascular
- Hypertension 
- Dyslipidemia 
- Endothelial dysfunction 

Endocrine
- Type 2 diabetes 
- Precocious puberty

Figure 1 – Medical consequences of childhood obesity. In dark are the topics further discussed in this thesis.
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Treatment of childhood obesity

Since obesity is such a multifactorial problem, multidisciplinary intervention programs 
are the first choice of treatment in many countries including The Netherlands (23). These 
intervention programs should, according to the Dutch clinical guideline on obesity, focus 
on healthy eating with help of a dietician, the increase of physical activity with help of a 
physiotherapist, behavioral change with a psychologist and parenting support (23). The 
general practitioner can, in collaboration with the child and parents, refer the child with 
overweight or obesity to these intervention programs. The general practitioner decides, 
together with the parents, which discipline(s) the focus should be on. Furthermore, the 
general practitioner should meet with the child regularly to monitor the progress of the 
treatment.

Many studies use BMI as a primary outcome measure to measure the effectiveness 
of multidisciplinary intervention programs, and they have shown that these intervention 
programs have a beneficial effect on BMI in overweight children (24, 25). Recent stud-
ies have shown that cardiorespiratory fitness (CRF) is a stronger predictor for all-cause 
mortality than BMI, and therefore improving CRF with a multidisciplinary intervention 
program may be more important than reducing BMI (26, 27). Furthermore, childhood 
overweight and obesity increase the risk of high blood pressure in children, which is 
related to a variety of diseases in adulthood (28, 29). Thus, both CRF and blood pressure 
levels seem important outcome measures of multidisciplinary intervention programs.

Besides the introduction of multidisciplinary intervention programs worldwide, the 
WHO has issued a guideline on physical activity for children to fight the obesity epidemic 
(3). The guideline states that children should be moderately to vigorously active for at 
least 60 minutes each day (3). Since it is know that physical inactivity is a risk factor 
for childhood obesity, it is likely that children with overweight are less physically active 
than normal-weight children and that a lower percentage of children with overweight 
compared to normal-weight children meets the WHO physical activity guidelines (3, 21). 
Levels of physical activity can be measured objectively with accelerometers, but self-
report can also be used to measure physical activity. However, the validity of self-reported 

Table 1 – Factors involved in the development of childhood obesity

Genetics Individual Environmental

Different loci associated 
with BMI

Intra-uterine exposure to maternal 
diabetes
Having a mother/father with 
overweight/obesity
Low level of parental education
Low family income
Decreased physical activity
Increased sedentary behavior
Increased intake of high-dense food

Unhealthy food less expensive
No accessible recreational facilities
Media promoting unhealthy food
Increased portion sizes
Greater availability of sugar sweetened 
beverages
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physical activity compared to objectively measured physical activity is controversial (30). 
Furthermore, it has not yet been investigated whether children themselves are able to 
accurately report their physical activity levels.

A multidisciplinary intervention program appears to have the best overall outcomes 
in the treatment of childhood obesity (31). However, pharmacological interventions, 
such as prescribing orlistat and sibutramine to treat childhood obesity, have also been 
studied. Though two recent systematic reviews found limited evidence for the use of 
pharmacological interventions (31, 32). Moreover, the Dutch guideline on obesity also 
advises against the use of medical treatment (23).

Kids4Fit

One example of a local multidisciplinary intervention program is Kids4Fit. This is an in-
tervention program for children with overweight and obesity, living in deprived areas of 
Rotterdam, The Netherlands. Kids4Fit is a 12-week multidisciplinary intervention, includ-
ing group session with a physiotherapist, a dietician, and a child psychologist (25). This 
intervention program is effective in reducing the waist circumference of obese children 
and analyses of this intervention also showed a non-significant trend towards a lower 
BMI-z up to 52 week after the intervention (25).

Role of the general practitioner

In the Netherlands, the general practitioner is responsible for primary care and therefore 
the first physician children and parents consult with their health related complaints. The 
general practitioner sees their patients regularly, since 70% of children aged 5-17 years 
consult the general practitioner at least once a year and on average 2 times a year (33). 
Since 2010 there is a clinical guideline on obesity for general practitioners in The Neth-
erlands, issued by the Dutch College of General Practitioners (23). It provides guidance 
for the prevention, diagnosis, and treatment of children and adults with overweight and 
obesity. In short, it states that general practitioners have an signaling role for childhood 
obesity and should always be aware of obesity, regardless of the reason of consultation 
of the child (23). Self-reported weight and height are frequently used in general practice 
to obtain the weight status of the child in order to be able to signal obesity. However, 
reported values of weight and height in children have been found not to be valid in a pre-
vious study conducted in an open study population (34). The accuracy of self-reported 
height and weight in a study population in primary care remains unclear.

Childhood overweight and obesity is associated with medical consequences such as 
musculoskeletal complaints, injuries and fractures, and respiratory complaints such as 
asthma (Figure 1) (35, 36, 37, 38, 39). It could be expected that children with overweight 
consult the general practitioner more often than normal-weight children for overweight 
associated, medical consequences. However, up to now, no studies are available de-
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scribing the relationship between childhood weight status and frequency and type of 
consultations at the general practice.

This thesis

The present thesis consists of three parts. In part one the accuracy of self-reported weight 
and -height of children are described, since these measures are needed to determine the 
weight status of the child. The second part describes the associations between childhood 
weight status and the frequency and type of consultations at the general practice. In the 
third part, the effect of a multidisciplinary intervention program as treatment of obesity 
is described and the physical activity behavior of normal-weight children and children 
with overweight are investigated in more depth.

PART ONE

Weight status

Body mass index (BMI) is the most common tool to classify weight status into ‘un-
derweight’, ‘normal-weight’, ‘overweight’, and ‘obese’. BMI is calculated by dividing a 
person’s weight in kg by the square of the person’s height in meters (kg/m2). For adults, 
obesity is defined as a BMI of greater than or equal to 30 kg/m2, while overweight is 
defined as a BMI great than or equal to 25 kg/m2 (2). For children, there are age- and 
gender specific cut-offs of the BMI to classify them as overweight or obese. This age- and 
gender specific BMI is called the BMI-z. The International Obesity Task Force established 
these cut-offs, which are used in this dissertation (40, 41).

In order to have accurate BMI values, accurate weight and height measurements are 
necessary. Therefore the objective in chapter 2 is to investigate the accuracy of self-
reported weight and height compared to measured weight and height at the general 
practice.

PART TWO

Associations between childhood overweight and medical complications

There has been concern that childhood obesity negatively affects bone development, 
since childhood obesity is associated with an increased risk of bone fractures (35, 36). 
Previous research that has studied the differences in bone mineral density (BMD) be-
tween normal-weight children and children with overweight has been contradictory and 
therefore chapter 3 describes the results of a systematic review and meta-analysis on 
the differences in BMD between normal-weight children and children with overweight.
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Since childhood obesity increases the risk of developing musculoskeletal complaints, 
injuries and fractures, chapter 4 investigates the differences in frequency and type of 
musculoskeletal consultations at the general practice between children with overweight 
and normal-weight children (35, 36).

Other frequently proposed complaints among children with underweight and - over-
weight are respiratory complaints, like asthma (35, 36, 37, 38, 39). Chapter 5 therefore 
investigates whether childhood weight status is associated with the number and type of 
respiratory consultations at the general practice.

PART THREE

Treatment of obesity

Since the WHO has acknowledged obesity as a disease, people have become more aware 
of this health problem and several initiatives have been set up, such as the introduction 
of healthy fit schools. Furthermore, a clinical guideline on obesity was introduced in the 
Netherlands and worldwide different intervention programs for children with overweight 
and obesity have been set up (23). CRF and blood pressure levels are important outcome 
measures of intervention programs, therefore chapter 6 evaluates the effect of a multi-
disciplinary intervention program (Kids4fit) for children with overweight and obesity on 
CRF and blood pressure.

Chapter 7 reports on the differences in physical (in)activity between normal-weight 
children and children with overweight. Furthermore, it is known that parents of children 
with overweight overestimate their child’s level of physical activity (42). It has not yet 
been investigated whether children are able to accurately report their levels of physical 
activity. Therefore, this chapter also explores potential differences in self-reported and 
objectively measured physical activity.

Finally, in chapter 8, a general discussion of the main findings of this thesis will be 
presented.
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