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General introduction






General introduction

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

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).

10



General introduction

Table 1 — Factors involved in the development of childhood obesity

Genetics Individual Environmental

Different loci associated Intra-uterine exposure to maternal Unhealthy food less expensive

with BMI diabetes No accessible recreational facilities
Having a mother/father with Media promoting unhealthy food
overweight/obesity Increased portion sizes
Low level of parental education Greater availability of sugar sweetened
Low family income beverages

Decreased physical activity
Increased sedentary behavior
Increased intake of high-dense food

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
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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/m?). For adults,
obesity is defined as a BMI of greater than or equal to 30 kg/m?’, while overweight is
defined as a BMI great than or equal to 25 kg/m? (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 BMl 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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ABSTRACT

Background

Screening, signaling and treatment of childhood obesity by the general practitioner
depends on accurate weight and height measurements.

Aim

The aim of this study is to investigate the differences between reported and measured
weight and height for underweight, normal-weight, and overweight children, particularly
in a GP setting.

Methods

Data on reported and measured weight and height from a cohort including 715 normal-
weight and overweight children aged 2-17 were used. Means of reported and measured
weight and height were compared using the paired T-test.

Results

Of the 715 included children, 17.5% were defined as being underweight, 63.2% normal-
weight and 19.3% overweight according to direct measured height and weight.

In the age group 2-8 years, parents of underweight children reported a significantly
higher weight than measured weight (MD 0.32kg (0.02, 0.62)), while parents of over-
weight young children reported a significantly lower weight (MD-1.08kg (-1.77,-0.39)).
In the age group 9-17 years, normal-weight (MD-0.51kg (-0.79 ,-0.23)) and overweight
children (MD-1.28kg (-2.08,-0.47)) reported a significantly lower weight than measured
weight.

Conclusions

General practitioners cannot rely on reported weight and height measures from parents
and children. In case of suspected under- or overweight in children, it should be advised
to measure weight and height in general practice.
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INTRODUCTION

Childhood obesity is a public health problem and its prevalence is increasing worldwide
(1).

Reported, rather than measured weight and height are often used to calculate body
mass index (BMI) and to classify the child as being underweight, normal-weight or over-
weight (2). This method of data collection is quicker, easier and cheaper and therefor
often performed in both clinical practice and research. However, parents presenting to
health care providers may give inaccurate information on the child’s weight and height,
since it has been shown that parents are likely to misperceive the weight status of their
overweight child (3). As a result, children could be misclassified as being normal-weight
rather than overweight or obese, which could lead to children missing out on proper and
necessary treatment. Though, direct measurements of height and weight by a clinician
are more-time consuming and more expensive.

General practitioners (GP) in the Netherlands are often the first health care provider
of children and therefore play an important role in screening and signaling childhood
obesity (4). The question arises whether the GP can rely on reported measurements by
parents and children themselves or should children be measured during consultation
at the GP? Therefore this study aims to investigate the accuracy of reported weight and
height in children aged 2-17 compared to direct measurements by the GP.

METHODS

Study design

This study is a cross-sectional study using data from the DOERAK (“Determinants of
(sustained) Overweight and complaints; Epidemiological Research among Adolescents
and Kids in general practice”) cohort study. The study protocol has been published previ-
ously (5). The study has been approved by the Institutional Review Board of the Erasmus
University Medical Center, Erasmus MC.

Participants

Children aged 2-18 visiting their GP (or GP-trainee) between December 2010 and April
2013 were asked, during consultation, to participate in the study. This age range was
used, since BMI-z scores can be calculated for children starting at age two and parents
are legally responsible for their child up to the age of 18. Children were eligible to partici-
pate in the study if they/their parents had a basic understanding of the Dutch language,
i.e. to be able to give informed consent and fill out Dutch questionnaires. Children with
mental or physical disabilities, with comorbidities affecting weight, and children visiting
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their GP with emergency problems were not eligible. If child and parent showed inter-
est after receiving verbal information during consultation, the child’s weight and height
were measured and recorded in the medical file, and contact information was sent to
the research team. Study information and informed consent forms (and informed assent
forms for children aged 12 and older) were then sent to the participants, where after
the researcher contacted the family to answer possible questions and to investigate the
willingness to participate. Both parents had to sign the informed consent (for children
of all ages), and children aged 12 and older also had to sign the informed assent form.
Children were formally included when informed consent forms (and if needed informed
assent forms) were received.

Data collection and measurements

After formal inclusion, the GP or GP trainee were approached to collect data on the
child’s weight and height which was measured during consultation using calibrated scales
and stadiometers. Measurements were performed by the GP or GP trainee who both
followed the same study protocol (5).

The GP questionnaire was used to extract the participant’s gender and age. Baseline
BMlI-z scores were calculated from the measured weight and height, and weight status
was determined using the international age and gender specific cut-off points (6, 7).
Children were then categorized in three different weight status groups: underweight,
normal-weight, overweight/obese (from here on referred to as the overweight group).

Reported weight and height measures were collected from the baseline question-
naires which were filled out by parents of children aged 2-8, or children themselves
(age 9 and older). From these reported weight and height measures, BMI-z scores, and
corresponding weight status, were also calculated. The parent’s questionnaires were
used to extract information on socio-economic status (ses) (based on net household
income (<2000 euros/month, >2000 euros/month)), ethnicity (both parents born in the
Netherlands, at least one parent born in another country) and marital status reported
by parents (parents living together, parents separated). Highest level of education in the
household was categorized into three levels (up to lower secondary level, upper second-
ary level, at least bachelor level), based on the international standard classification of
education (8).

Statistical analysis

Baseline demographics were described for underweight, normal-weight, and overweight
children using means (sd) for continuous variables and frequencies (%) for dichotomous
or categorical variables. Potential differences in baseline demographics between under-
weight and normal-weight, and overweight and normal-weight children were analyzed
using the independent-samples T-test. Additionally, potential differences in measured
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and reported height, weight and BMI-z in the subgroups young (2-8 year) and older chil-

dren (9-17 year), and boys and girls were analyzed using the paired T-test. The magnitude

of the differences was determined using mean differences (MD) with 95% Confidence

Intervals (Cl). Complete case analysis was used. P-values <0.05 were considered statisti-

cally significant. IBM SPSS statistics 12.0 was used for statistical analyses.

RESULTS

Of the 1109 children that showed interest in study participation, 733 were included.

Measured and/or reported weight and/or height was not available of 139 children who

were excluded, and therefore 594 children were included in the present study (Figure 1).

There were no significant differences in baseline characteristics between the excluded

and included children.

1109 with verbal consentto GP

Reason exclusion:

- Reason not reported
-Too busy

-Could not bereached
-lustdon'twantto

M%)

149 (39.8)
104 (27.7)
64 (17.0)
41(10.9)

- Already involved in medical research 6 {1.6)

733 included incohort

W

- Moving away 4(11)

- Mot eligible 3(0.8)
-Tooill 2{0.5)

- Negative opinion about research 2{0.5)

- Mo direct benefit 1{0.3)
-Data arekepttoolong 1{0.3)
-Weight is a sensitive topic 1{0.3)
Reason exclusion: M(3)

- Nomeasuredweizht/height 18 (2.5)

-  Noreported weight/heght 121 {16.5)

594 childrenincluded inanalysis

Figure 1 — Flowchart of inclusion
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At baseline, 18.2% of the children were defined as being underweight, 62.3% normal-
weight and 19.5% overweight according to direct measured height and weight (Table
1). The children in the underweight group were significantly younger than the normal-
weight children (6.8 versus 8.3 years), while the overweight children were significantly
older than the normal-weight children (9.3 versus 8.3 years).

Table 1 — Baseline characteristics.

Patient characteristics po;s)tuLII:;on Underweight™ v':‘l::gmh:l Overweight/
N=594 N=108 N=370 obese* N=116
N=594 N=108 N=370 N=116

Gender female, N (%) 316 (53.2) 57(52.8) 196 (53.0) 63 (54.3)
N=594 N=108 N=370 N=138

Age (years), mean (SD) 8.2 (4.0) 6.8 (3.9)" 8.3(4.1) 9.3(3.7)*
N=541 N=98 N=340 N=103

SES, N (%)

Low (<2000 euros) 121 (22.4) 20 (20.4) 75 (22.1) 26 (25.2)

Middle/High (>=2000 eurost) 420 (77.6) 78 (79.6) 265 (77.9) 77 (74.8)
N=585 N=107 N=363 N=115

Highest education in household, N (%)

Low (up to lower secondary level) 99 (19.9) 19 (17.7) 61 (16.8) 19 (16.5)

Middle (upper secondary level) 238 (40.7) 37 (34.6) 147 (40.5) 54 (47.0)

High (at least bachelor level) 248 (42.4) 51(47.7) 155 (42.7) 42 (36.5)
N=569 N=107 N=351 N=111

Ethnicity, N (%)

Both parents born in Netherlands 483 (84.9) 91 (85.0) 303 (86.3) 89 (80.2)

At least one parent born in another country 86 (14.5) 16 (15.0) 48 (13.7) 22 (19.8)
N=582 N=107 N=362 N=113

Marital status, N (%)

Parents separated 93 (16.0) 16 (15.0) 56 (15.5) 21(18.6)

Parents together 489 (84.0) 91 (85.0) 306 (84.5) 92 (81.4)

*weight status based on weight and height measures from general practitioner; ‘more than 2000 euros month-
ly net income per household; *significantly different from normal weight.

Analyses among the three weight groups showed that underweight children reported
a significantly higher weight than measured (MD 0.58kg (0.11, 1.05)) while overweight
children reported a significantly lower weight than measured (MD-1.20kg (-1.75,-0.65)).
In the normal-weight group, no significant differences were found. For height, no sig-
nificant differences between reported and measured height were found for all weight
groups.
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The subgroup analyses among age groups showed that parents of underweight
children aged 2-8 years, reported a significantly higher weight (MD 0.32kg (0.02, 0.62))
and lower height (MD-1.01cm (-1.69,-0.34)) than measured weight and height (Table
2). Parents of overweight children aged 2-8 reported a significantly lower weight (MD
-1.08kg (-1.77,-0.39)) and larger height (MD 1.09 (0.14, 2.04)) than measured weight and
height. There were no significant differences between reported and measured weight
and height for normal weight children aged 2-8.

Normal-weight (MD -0.51kg (-0.79 ,-0.23)) and overweight children aged 9-17 re-
ported a significantly lower weight than measured weight (MD-1.28kg (-2.08,-0.47)).

When looking at boys and girls separately, both overweight boys (MD-1.03kg (-1.74,
-0.31)) and overweight girls (MD-1.34kg (-2.17,-0.51)) reported a significantly lower
weight than measured. Boys aged 9-17 of normal-weight (MD-0.43kg (-0.87,-0.001)) and
overweight (MD-1.06kg (-1.94,-0.18)), and girls aged 9-17 of normal-weight (MD-0.57kg
(-0.95,-0.19)) and overweight (MD-1.46kg (-2.80,-0.12)) reported a significantly lower
weight than measured. Parents of overweight girls aged 2-8 years reported a significantly
lower weight than measured (MD-1.17kg,-1.94,-0.40)).

Of the 109 children who were classified as underweight by the GP, 33 would be mis-
classified into the normal-weight group when using reported measurements, and one
child into the overweight group. Of the children who were classified as overweight by
the GP (total 116), 20 would be misclassified as normal-weight and four as underweight
using self-reported measurements (Table 3).

Table 3 — Weight status (mis)classification

Based on self-reported data

Underweight Normal-weight Overweight Total
N (%) N (%) N(%)
Based on Underweight, N (%) 74 (68%)* 33 (31%) 1(1%) 108 (18%)
measured Normal-weight, N (%) 34 (9%) 322 (87%)* 14 (4%) 370 (62%)
data Overweight, N (%) 4 (4%) 20 (17%) 92 (79%)* 116 (20%)
Total 112 (19%) 375 (63%) 107 (18%) 594 (100%)

* agreement on weight status between weight status based on self-reported data and based on measured data.

DISCUSSION

Summary

Parents of underweight and overweight children aged 2-8 years reported a significantly
higher and lower weight respectively, compared to measured weight. Normal-weight
and overweight children aged 9-17 reported a significantly lower weight than measured.
When looking at boys and girls separately, both normal-weight and overweight boys and
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girls aged 9-17 reported a significantly lower weight than measured. Parents of over-
weight girls aged 2-8 years reported a significantly lower weight than measured.

Strength and limitations

The current study is one of the first to investigate the differences in reported and
measured weight status in three different weight groups, split by age, in primary care.
We were therefore able to investigate both how parents’ reported weight and height of
young children differed from measured values, and how reported weight and height by
older children differed from measured values.

By inviting every child visiting the GP during the inclusion period, we tried to
minimize selection bias. However, when comparing our study population to the overall
Dutch population, parents of included children in our cohort were more often born in
the Netherlands (84% vs 79%) and more often highly educated (42% vs 32%) (9). Since
overweight and obesity is more prevalent in ethnic minorities and families of lower SES,
selection bias in the current study may have led to an underestimation of the percent-
age overweight and obese children, and to an overestimation of underweight children
(10). This is reflected by prevalence differences in underweight children of the current
study (18.2%) when compared to the prevalence (1.6%) reported by the World Health
Organization (WHOQ) (11) and reported by the Dutch Central Bureau of Statistics (5.7%)
(12). Therefore, we may have to be careful to generalize the results of the current study
to a wider perspective. However, the differences in percentage underweight children
between the current study and the WHO may be associated with the different cut-off
points that were used to classify children as underweight, normal-weight or overweight
(6,7,13). The WHO uses the WHO growth references, which rely on age-sex-specific BMI
centiles or SD scores to define the weight status cut-offs, while the current study used an
international standard growth chart which was developed by The International Obesity
Task Force (IOTF), to enable global comparison (6, 7, 13). However, since we were primar-
ily interested in differences between reported and measured values within the different
weight groups, we believe this did not significantly impact our results.

The size of our study sample was smaller than intended, which may have introduced
a power problem (5). However, since we were able to show significant differences in
reported and measured weight and height, we believe a larger study sample would not
significantly change our results.

Lastly, when the GP measured the child’s weight status during consultation, the
results were recorded into the medical file of the child, and not per se concealed from
the parent/child. We believe enough time passed from this consultation to when the
baseline questionnaire was filled out by parents or the child, so that the parent/child did
not remember what the GP had measured during consultation. Furthermore, this proce-
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dure was identical for every included child. We therefore believe that this procedure did
not have a significant impact on our results.

Comparison with existing literature

Our findings are in line with previous literature (2), showing that reported weight in over-
weight and obese young children is not accurate compared to measured values. Previous
literature already showed that parents often misperceive the weight(status) of their
overweight child (3). However, the current study showed that parents are also inaccurate
in reporting weight of their underweight child. Not only parents, but also children aged
9-17 fail to accurately report their own weight (14). As a result, 32% of the underweight
children and 21% of the overweight children in our study would be misclassified in the
different weight categories.

Although no significant differences in SES between underweight, normal-weight
and overweight children were found, a trend is seen where overweight children come
from families with a lower SES than underweight and normal-weight children. This is in
line with other literature showing that obesity is more prevalent in children from ethnic
minorities with a lower SES and level of education (15). However, in the current study,
reported weight within a weight class was not significantly different between levels of
SES, thus SES does not seem to influence the ability to accurately report weight.

Implications for research and/or practice

According to international guidelines for primary care, the GP plays an important role
in screening children on their weight status (16). In the Netherlands, school physicians
also play a role in screening children, since they measure height and weight at age 5-6
and 10-11 years. However, these data are not transferred to GPs (17). In the UK, a similar
program is active, namely the National Child Measurement Programme (18). However,
besides these set measurement times, no measured data is available and GP’s will rely
on self-reported data. However, if a GP would rely on the reported weight measures of
parents and children, part of these under- or overweight children would potentially be
missed and therefore not receive proper treatment or referral. Thus, the GP cannot rely
on reported weight and height measures from parents and children. In case of suspected
under- or overweight in children, it should be advised to measure weight and height in
general practice. However, it is known that GP’s find it difficult to discuss weight issues
during consultation (19). Furthermore, research showed that although most GP’s are
able to identify the underweight and obese children at the end of the spectrum, many
are not able to correctly identify the weight status of children who are just underweight,
or just obese (20). Therefore, it could be argued that, to overcome these two issues, all
children visiting the GP should be measured (at least yearly) as part of routine measure-
ments so that accurate treatment and follow-up can be discussed during consultation.
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Chapter 3
ABSTRACT

Objective
To examine the differences in bone mineral density between normal-weight children and
children with overweight or obesity.

Methods

A systematic review and meta-analysis of observational studies (published up to June
22" 2016) on the differences in bone mineral density between normal weight children
and overweight and obese children was performed. Results were pooled when possible
and mean differences were calculated between normal-weight and overweight and
normal-weight and obese children for bone content and density measures at different
body sites.

Results

Twenty-seven studies, with a total of 5958 children, were included. There was moderate
and high quality of evidence that overweight (MD 213 grams; 95%Cl 166, 261) and obese
children (MD 329 grams; 95%Cl 229, 430) have a significantly higher whole body bone
mineral content than normal-weight children. Similar results were found for whole body
bone mineral density. Sensitivity analysis showed the association was stronger in girls.

Conclusions
Overweight and obese children have a significantly higher bone mineral density com-
pared to normal-weight children.

Since there was only one study included with a longitudinal design, the long term
impact of childhood overweight and obesity on bone health at adulthood is not clear.
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INTRODUCTION

Obesity in both children and adolescents has been increasing dramatically worldwide
(1). In 1990 it was estimated that 32 million children under the age of 5 were overweight
or obese, and this number has risen to 41 million children in 2014 (1). Of all continents,
Europe has the highest prevalence (13%) of children having overweight (1). These num-
bers indicate that childhood obesity is a growing problem, and even more so with the
knowledge that obese children are more likely to stay obese into adulthood (1).

It has been shown that childhood obesity can, among other diseases, lead to diabetes,
pulmonary complaints and cardiovascular diseases like hypertension, with symptoms of
these diseases already apparent during childhood, and carrying on to adulthood (2, 3).
In addition it has been shown that childhood obesity increases the chance of developing
musculoskeletal complaints, injuries and fractures as early as in childhood (4, 5).

The mechanism behind the increased injury and fracture risk in obese children is
not clear and therefore different theories have been proposed. Childhood obesity is as-
sociated with a decline in motor skills, these children may therefore be more prone to
falling with injuries or fractures as a result (6). Furthermore, attaining a high peak bone
mass by bone mass accrual during childhood, and maintaining bone mass through life is
associated with a lower fracture risk later in life (7, 8). It is however unknown whether
children with obesity have a normal bone mass accrual during childhood.

Furthermore, several studies have investigated the role of overweight and obesity
on bone mineral content (BMC) and bone mineral density (BMD) in adults(9, 10). These
studies show a positive relationship between BMI and BMC and BMD. These relation-
ships have been studied less extensively in children, and the mechanism and factors
influencing bone density in children seems more complex.

Research that has been conducted on children suggests that more adipose tissue in
obese children is related to greater total bone mineral density by causing a greater me-
chanical load on the bone, however this relation is still under investigation (11, 12, 13).
On the other hand, the lower physical activity levels in obese children, may contribute to
a lower BMD in obese children compared to children with a normal weight (8, 14). Be-
cause of this contradictory uncertainty in the literature and the many studies performed
on the association between BMD and weight status, this review will provide a systematic
overview and meta-analysis on the differences in BMD between normal-weight children
and children with overweight and obesity, in order to be able to draw a more uniform
conclusion on this suggested association.
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METHODS

Search methods

We searched the following databases for relevant articles available for all years up to
June 22" 2016: Medline (OVID), Embase, Cochrane, Web of Science (WoS), Cinahl ebsco,
Pubmed publisher and Google scholar. The search string contained the terms obesity,
BMD and children. The search string (see Appendix 1) was adapted to the different
databases to facilitate a comprehensive search.

A study had to fulfill the following criteria to be included in this review:

Study design

Cross-sectional and longitudinal studies that investigated the differences in BMD be-
tween normal-weight children and overweight and obese children were included.

Participants

Participants had to be children aged between 2 and 18.

Exposure

The exposure was childhood overweight or obesity, with children of normal weight as
control group. The definition of the different weight groups, i.e. normal-weight, over-
weight and/or obese, based on BMI, fat percentage or body weight had to be clarified
in the study and children had to be categorized in these groups by each individual study.

Outcome

The outcome measure had to be BMD in g/cm?, BMAD (bone mineral apparent density)
in g/cm?, or bone mineral content (BMC) expressed in kg’s or grams, measured by dual x-
ray absorptiometry (DEXA) or volumetric BMD (vBMD) in mg/cm? or mg/mm?® measured
by peripheral quantitative computed tomography (pQCT). The outcome measures could
be measured at any site of the body. All outcome measures had to be reported on a
continuous scale.

Exclusion criteria

Studies including children with any underlying (chronic/ systemic) disease including
growth hormone deficiency, diabetes type 2, cystic fibrosis, kidney disease, liver disease
or transplantation, inflammatory bowel disease and eating disorders were excluded.
Studies including children with genetic defects were also excluded. Articles written in a
language other than English or Dutch were excluded.
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Study selection

Four reviewers (JvL, BK, MvM, WP) independently screened the relevant articles identi-
fied by the search strategy on in-and exclusion criteria. After the first screening, based on
title and abstract, the full texts of the remaining articles were reviewed. Any discrepan-
cies between the reviewers were resolved by discussing the original article and reaching
consensus.

Risk of bias assessment

Three reviewers (JvL, MvM, BK) performed a risk of bias assessment, using an adjusted
version of the quality assessment score of Paulis et al. (5) and the Newcaste-Ottowa Scale
(NOS) (15) (see Appendix 2). The quality assessment list contained 16 criteria to assess
the risk of bias, of which 14 are applicable to cross-sectional studies and all 16 items
apply to longitudinal studies (see Appendix 2). The studies were then rated on these
16 items as ‘positive’, ‘negative’, or ‘unclear’. Disagreements between the authors were
resolved by a discussion. The final risk of bias was calculated by adding up the items with
positive scores and dividing them by the total number of items. If more than 50% of the
items were scored positive, the risk of bias was arbitrarily rated as low.

Data management

Data were extracted by three independent researchers (JvL, MvM, BK) using a standard-
ized data extracting form. Study characteristics extracted were: study design, setting,
country in which the study was performed, number of participants, mean age of par-
ticipants, gender, weight status assessment, weight status definition, BMC and BMD
assessment, sites of BMC and BMD assessment and BMC and BMD definition.

The bone mineral density measures (means and standard deviations) at different
body sites for each weight group were extracted.

If standard deviations were not reported we used the confidence intervals to calculate
the standard deviation. If the confidence interval was also not reported, an estimation of
the standard deviation was made based on study data of comparable studies in terms of
measurements and sample size.

If studies only reported their outcome as graphs, the means and (when shown)
standard deviations were estimated from these graphs.

Data analysis

Data were pooled of studies which were clinically homogeneous and reported on the
same outcome measures. Mean differences with 95% confidence intervals (Cl) between
overweight and normal-weight, and obese and normal-weight children were calculated.
If a study grouped overweight and obese children into one group, this group was used
as an ‘overweight’ group in the analyses, but additional analyses were performed to
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investigate potential differences between overweight and obese children when possible.
Sensitivity analysis were performed to investigate potential differences between over-
weight and normal weight, and obese and normal weight children by gender.

For pooling we used the random effects model. Review manager 5.0 software was
used to calculate the total mean differences with accompanying 95%Cl. Statistical het-
erogeneity was tested with the chi® and I test. For the pooled studies, we used funnel
plots to analyze potential publication bias. If the funnel plot was symmetrical no publica-
tion bias was considered. If outcome measures were presented on different scales, the
outcome measure was transformed to the most frequently reported scale. If pooling was
not possible, data were analyzed descriptively.

Strength of evidence

In order to evaluate the strength of evidence of the pooled results, the Grading of

Recommendations Assessment, Development and Evaluation (GRADE) approach was

used (16). The rating of evidence started at high quality, because observational studies

were the most appropriate design for the current review. The quality of evidence was

downgraded by one level if there was inconsistency (I>>40%), uncertainty (n < 400), or

probability of bias (>25% of patients come from a study with a high risk of bias, or the

funnel plot indicated publication bias). It was upgraded by one level if strong evidence of

associations was found (MD >2SD). The following levels of evidence were distinguished.

- High: further research is unlikely to change the level of evidence. There are no known
or suspected reporting biases

- Moderate: further research is likely to have an important impact on confidence of the
estimate of effect and may change the estimate

- Low: further research is likely to have an important impact on confidence of the
estimate of effect and is likely to change the estimate

- Very low: the estimate of effect is very uncertain

RESULTS

Study selection

From our search we obtained 5028 articles (Figure 1). After screening on title and
abstract, 282 articles remained for potential inclusion for which full text was assessed.
Finally, 27 articles were included in this systematic review (12, 17-42).

Study characteristics

Of the 27 included studies, five had a longitudinal design and the other 22 studies had
a cross-sectional or case-control design. Of four of the five longitudinal studies (31, 38,
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Records identified through
database searches
N =8442

A 4

Records after duplicates
removed and screened for
inclusion
N=5028

Records excluded based on title/abstract
> N =4746

A 4

Full-text articles assessed for

eligibility

N =282
Articles excluded, N = 255
- Study design n=101
- Not population of interest n=44
- Outcome measure n=14

> - Language n=15
- No original data n=6
- Duplicate data n=2
- Full text not available n=3
- Conference ahstract n=70
v

Included articles
N=27

Figure 1 — Flowchart of selected papers.

41, 42) only baseline data were used since our outcome of interest was not reported at
follow-up. These were therefore considered as cross-sectional.

The study characteristics of the included studies are shown in Table 1. The 27 in-
cluded studies were conducted in 17 different countries across the world. Children were
recruited in different settings, ranging from a random selection from an open population
to schools and outpatient clinics. The most frequently reported outcomes were total
body BMC (g), total body BMD (g/cm2), lumbar spine BMD (g/cm2) and femoral neck
BMD (g/cm2). Only two studies did not report on any of these outcomes, but only on
bone densities at different body sites (31, 39). The cross sectional studies included a total
of 5126 children aged four to 18 years. The longitudinal study included 832 children.

Risk of bias assessment

Table 2 shows the final risk of bias assessment with 26 studies with a cross-sectional or
case control design and one study with a longitudinal design. The reviewers agreed on
89.6% of the items of the 27 included studies (403 of 450), and reached consensus on all
items after discussing them. Of the 27 included studies, 23 had a low risk of bias. Most
studies (n=20) scored negative on the inclusion of at least 50 cases. Nearly all studies
(n=26) reported a clear weight status and BMD definition.
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Table 2 — Quality assessment scores of included studies. Scoring options were positive (1), negative (0), unclear

(2), or not applicable (na).
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Cross-sectional studies

14
71

na

na

0

De la Torre 1990

na

na

Dimitri 2015

79
43

na

na

Ducher 2009

na

na

El-Dorry 2015
Ellis 2003

64
64
71

na

na

na

na

Eriksson 2008
Fintini 2011

na

na

58
50
71

na

na

Fischer 2000

na

na

0

Gracia-Marco 2011

na

na

Hanks 2015

64
43

na

na

Haroun 2005

na

na

1

Hasanoglu 2000
Ivuskans 2014
Jeddi 2015
Klein 1998

57

na

na

64
50

na

na

na

na

79
57
71

na

na

Leonard 2015

na

na

Manzoni 1996
Rocher 2008
Rocher 2013
Shin 2011

na

na

79
43

na

na

na

na

71

na

na

1

Templeton 2011
Tubic 2012

71

na

na

71

na

na

Kouda 2012

79
86

na

na

Lucas 2012

na

na

1
1

Vaitkeviciute 2014
Wetzsteon 2008

86

na

na

Longitudinal studies

56

1

Uusi-Rasi 2012
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Differences in bone mineral density

Mean differences

Prospective study

Uusi-Rasi et al. (40) reported prospective data on the differences in BMD between over-
weight and non-overweight children. They concluded that childhood overweight may
lead to higher trabecular density at the tibia in adult women only with mean difference
(MD) 17 mg/cm?® (95%Cl 3.73, 29.27), and adult men have a somewhat lower cortical
density at tibia (MD-13 mg/cm? (95%Cl-13.48,-0.52)).

Cross-sectional studies

Total body bone mineral content(g)

A total of 13 studies reported total body BMC (g) per weight group. Of these, six (20,
21, 24, 28, 29, 38) reported the BMC for normal-weight and overweight children and
ten (19, 20, 23, 25, 26, 29, 34, 35, 36, 38) for normal-weight and obese children. Figure
2a shows the pooled results of the differences in BMC between normal-weight and
overweight children (MD 214 grams (95%Cl 166, 261; 1’=17%)). Low heterogeneity, low
uncertainty (n>400) and low probability of bias lead to high quality of evidence showing
that overweight children have a significantly higher whole body BMC than normal-weight
children.

Pooled data of nine studies comparing whole body BMC between obese and normal-
weight children showed a significant MD of 329 grams (95%Cl 229, 430) (Figure 2b). The
test for heterogeneity showed an I of 63% (p=0.003), therefore the quality of evidence
for this significant difference in BMC was downgraded by only one level leading to mod-
erate quality.

Templeton et al. (38) reported BMC for both overweight and obese children, but their
results could not be used in both meta-analyses due to different outcome scales, though
comparable results were found.

Analysis between overweight and obese children including the results of two studies
(20, 29), showed a MD of total body BMC of 112 grams ((95%Cl-3, 227), 1’=0% (P=0.88))
leading to high quality of evidence for no significant difference in total body BMC be-
tween obese and overweight children (see appendix 3a).

Whole body bone mineral density (g/cm?)

Six studies (21, 24, 28, 29, 33, 41) reported the BMD for normal-weight and overweight
children and pooled results showed a significant MD of 0.04 g/cm” (95%Cl 0.02, 0.05),
1°=70 (Figure 3a). Pooled data of nine studies (17, 19, 22, 23, 29, 30, 35, 36, 41) showed
a significant difference in BMD between normal-weight and obese children (MD 0.05 g/
cm’ (95%CI1 0.02, 0.09)) (Figure 3b). Statistical significant heterogeneity (1’=82) was found
and therefore moderate quality of evidence was found for a significant mean difference
in BMD between normal weight children and overweight and obese children.
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a Overweight Normal weight Mean Difference Mean Difference
Study or Subgroup Mean [g] SD[g] Total Mean[g] SD [g] Total Weight IV, Random, 95% Cl [g] IV, Random, 95% Cl [g]
Ellis 2003 (1) 1,504 536 96 1,242 533 188 11.1% 262.00[130.47, 393.53] I
Ellis 2003 (2) 1,556 862 37 1,480 855 318 2.5% 76.00[-217.22, 369.22] -1
Eriksson 2009 1,286 174 17 996 145 79 21.1% 290.00[201.32, 378.68] -
Gracia-Marco 2012 (3) 1,975 250 30 1,845 300 133 16.7%  130.00 [27.08, 232.97] I
Gracia-Marco 2012 (4) 2,225 300 42 2,045 280 125 16.7%  180.00 [76.84, 283.16] I
Ivuskans 2014 1,850 3744 110 1,6234 332 154 21.5% 226.60[139.17,314.03] -
Jeddi 2015 16185 5053 58 1,417.5 4203 390 10.4%  201.00 [64.43, 337.57] -
Total (95% Cl) 390 1387 100.0% 213.52 [166.34, 260.69] ‘
Heterogeneity: Tau? = 705.26; Chi? = 7.27, df = 6 (P = 0.30); I?= 17% {1000 B 550 10004
Test for overall effect: Z = 8.87 (P < 0.00001) Favours [Normal weight]  Favours [Overweight]
Footnotes
(1) Girls
(2) Boys
(3) Girls. Adjusted for height, calcium intake and sexual maturation
(4) Boys. Adjusted for height, calcium intake and sexual maturation
b Obese Normal weight Mean Difference Mean Difference
Study or group Mean[g] SD[g] Total Mean[g] SD [g] Total Weight IV, Random, 95% ClI [g] 1V, Random, 95% Cl [g]
El-Dorry 2015 1,200 350 40 1,050 275 40 13.0% 150.00 [12.06, 287.94] —
Ellis 2003 (1) 1,607 606 66 1,480 855 318 11.3% 127.00 [-46.80, 300.80] T
Ellis 2003 (2) 1,616 596 160 1,242 533 188 13.8% 374.00 [254.28, 493.72] I
Fischer 2000 1,684.1 492.38 16 1,418.2 483.48 16  58% 265.90 [-72.23, 604.03] T
Hanks 2015 2,300 4,000 31 1,200 300 38  0.5% 1100.00 [-311.31,2511.31]
Haroun 2005 (3) 2,000 400 15 1,300 400 12 6.7%  700.00 [396.36, 1003.64] e —
Haroun 2005 (4) 2,400 600 13 1,600 400 10 4.4%  800.00 [390.31, 1209.69] N
Jeddi 2015 1,771.2 514 24 14175 4203 390 9.8% 353.70 [143.87, 563.53] I
Manzoni 1996 1,927 670 65 1,478 491 50 9.7% 449.00 [236.75, 661.25] -
Rocher 2008 1,497.96 347.17 20 1,243.31 269.37 23 10.7% 254.65 [66.85, 442.45] I —
Rocher 2013 1,3134 2927 53 1,066.6 194.1 24 14.2% 246.80 [136.17, 357.43] I
Total (95% CI) 503 1109 100.0% 329.35 [229.00, 429.69] ‘
Heterogeneity: Tau? = 15259.84; Chi? = 26.68, df = 10 (P = 0.003); I = 63% {1000 75500 560 1000’
Test for overall effect: Z = 6.43 (P < 0.00001) Favours [Normal weight] Favours [Obese]
Footnotes
(1) Boys
(2) Girls
(3) Girls
(4) Boys

Figure 2 —(a) Pooled results of the studies that reported whole body BMC(g) for normal weight and overweight
children. (b) Pooled results of the studies that reported whole body BMC(g) for normal weight and obese chil-
dren. BMC, bone mineral content.

Analysis between overweight and obese children including the results of two stud-
ies (29, 41) showed a MD of total body BMD of 0.05 g/cm?” (95%Cl 0.03, 0.08), 1°’=0%
(P=0.88). However, since there was uncertainty (n<400), the quality of evidence was
downgraded by one level to moderate quality of evidence for a significantly higher BMD
in obese children compared to overweight children (see appendix 3b).

Lumbar spine BMD (g/cm’)

Six studies (21, 24, 28, 29, 37, 41) reported on the differences in lumbar spine BMD
between normal-weight and overweight children and pooled results showed a significant
MD of 0.04 g/cm? (95%Cl 0.01, 0.06), I’= 75% (Figure 4a). Additionally, pooled data of
eight studies (22, 23, 27, 29, 35, 36, 37, 41) comparing lumbar spine BMD between
normal-weight and obese children showed a significant MD of 0.08 g/cm’ (95%Cl 0.05,
0.11) (Figure 4b). Statistically significant heterogeneity (I> = 73%) was found and there-
fore moderate quality of evidence was found for a significant mean difference in lumbar
spine BMD between normal-weight children and overweight and obese children.
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a Overweight Normal Mean Difference Mean Difference
Study or Subgroup Mean [g/lcm2] SD [g/cm2] Total Mean [g/cm2] SD [g/cm2] Total Weight IV, Random, 95% CI [glcm2] IV, Random, 95% CI [g/cm2]
Eriksson 2009 0.92 0.07 17 0.85 0.05 79 92% 0.07 [0.03, 0.11] I
Gracia-Marco 2012 (1) 1.065 0.048 30 1.032 0.057 133 15.2% 0.03[0.01, 0.05] -
Gracia-Marco 2012 (2) 1.085 0.049 42 1.056 0.053 125 16.3% 0.01[-0.01, 0.03] -

Ivuskans 2014 1.007 0.066 110 0.962 0.065 154 17.0% 0.04 [0.03, 0.06] -
Jeddi 2015 0.91 0.12 58 0.86 0.11 390 9.9% 0.05 [0.02, 0.08] I
Lucas 2012 0.398 0.058 95 0.349 0.052 251 18.2% 0.05 [0.04, 0.06] -
Vaitkeviciute 2014 1.001 0.047 22 0.979 0.057 133 14.2% 0.02 [0.00, 0.04] -
Total (95% Cl) 374 1265 100.0% 0.04[0.02, 0.05] *

Heterogeneity: Tau? = 0.00; Chi = 19.88, df = 6 (P = 0.003); I = 70%

0

Footnotes
(1) Girls
(2) Boys

Obese Normal weight Mean Difference Mean Difference
Study or Subgroup _Mean [g/cm2] SD [g/lcm2] Total Mean [g/cm2] SD [g/cm2] Total Weight IV, Random, 95% CI [g/cm2] 1V, Random, 95% Cl [g/cm2]
De la Torre 1990 0.96 009 6 0.874 02 5 26% 0.09 -0.10, 0.28] —
El-Dorry 2015 075 012 40 06 011 40 10.5% 0.15[0.10, 0.20] —
Fintini 2011 (1) 1.08 012 40 1 012 42 104% 0.08(0.03, 0.13] —
Fintini 2011 (2) 1.08 012 41 11 019 28 7.8% -0.02[-0.10, 0.06] T
Fischer 2000 0.818 01 16 0772 0105 16 85% 0.05[-0.03,0.12] -
Jeddi 2015 0.96 011 24 0.86 011 390 11.0% 0.10[0.05, 0.15] e
Klein 1998 079 006 30 0.82 007 18 11.6% -0.03 [-0.07,0.01] —
Rocher 2008 0.927 001 20 0913 007 23 125% 0.01[-0.01,0.04]
Rocher 2013 0.883 0069 53 0.845 0052 24 126% 0.040.01,0.07] —
Vaitkeviciute 2014 1.056 0067 24 0979 0057 133 12.5% 0.0810.05, 0.11] —
Total (95% CI) 294 719 100.0% 0.05[0.02, 0.09] -
Heterogeneity: Tau? = 0.00; Chi? = 50.47, df = 9 (P < 0.00001); I2 = 82% _U‘_Z _0‘1 0‘1 otz

Test for overall effect: Z = 3.05 (P = 0.002)

Footnotes
(1) Girls
(2) Boys

Favours [Normal weight] ~ Favours [Obese]

Figure 3 — (a) Pooled results of the studies that reported whole body BMD (g/cm2) for normal weight and over-
weight children. (b) Pooled results of the studies that reported whole body BMD (g/cm2) for normal weight and
obese children. BMD, bone mineral density.

a Overweight Normal weight Mean Difference Mean Difference
Study or Subgroup __Mean [glcm2] SD [g/cm2] Total Mean [g/cm2] SD [g/cm2] Total Weight IV, Random, 95% Cl [alcm2] IV, Random, 95% CI [g/cm2]
Eriksson 2009 0.741 009 17 0681 007 79 10.6% 006 0.01, 0.11] —
Gracia-Marco 2012 (1) 1 0097 30 0919 0098 133 119% 0.08(0.04, 0.12] —_—
Gracia-Marco 2012 (2) 0.867 0.098 42 0.869 0.095 125 12.8% -0.00 [-0.04, 0.03] I
Ivuskans 2014 0839 009 110 0815 0103 154 150% 0.02[0.00, 0.05] —
Jeddi 2015 0.89 019 58 083 016 390 9.5% 0.06[0.01, 0.11] B
Shin 2011 (3) 1.42 003 10 143 0035 10 139% -0.01[-0.04, 0.02) —
Shin 2011 (4) 0.93 0.03 10 0.87 0.017 10 153% 0.06 [0.04, 0.08] -
Vaitkeviciute 2014 0.849 0097 22 0829 0098 133 109% 0.02-0.02, 0.06] —
Total (95% Cl) 299 1034 100.0% 0.04 [0.01, 0.06] <
Heterogeneity: Tau? = 0.00; Chi? = 28.16, df = 7 (P = 0.0002); I* = 75% 02 70‘.' 6 0‘
Test for overall effect: Z = 2.93 (P = 0.003) Favours [Normal weight] Favours [Overweight]
Footnotes
(1) Girls. Adjusted for height, calcium intake and sexual maturation
(2) Boys. Adjusted for height, calcium intake and sexual maturation
(3) Taekwando
(4) Control

Obese Normal weight Mean Difference Mean Difference

Study or Mean [g/cm2] SD [g/cm2] Total Mean [g/cm2] SD [g/cm2] Total Weight IV, Random, 95% Cl [g/cm2] 1V, Random, 95% Cl [g/cm2]
Fintini 2011 (1) 0.87 013 41 0.9 023 28 6.3% -0.03 [-0.12, 0.06] e —
Fintini 2011 (2) 0.97 018 40 0.88 016 42 8.1% 0.09[0.02, 0.16] —_—
Fischer 2000 072487 047175 16 0686 013708 16  54% 0.04 [-0.07, 0.15] —
Hasanoglu 2000 (3) 0575 014 19 0562 0079 19 82% 0.01[-0.06, 0.09] N
Hasanoglu 2000 (4) 0.746 024 18 0633 009 18  47% 0.11[-0.01,0.23] 1
Jeddi 2015 0.91 016 24 0.83 016 390  8.9% 0.08[0.01,0.15] I
Rocher 2008 0774 016 20 0.655 008 23 7.7% 0.12[0.04, 0.20] —_—
Rocher 2013 0.683 0093 53 0.594 0068 24 12.2% 0.090.05, 0.13] —
Shin 2011 (5) 1.2 003 10 113 0035 10 13.2% 0.07 [0.04, 0.10] —
Shin 2011 (6) 1.03 0.045 10 0.87 0017 10 13.0% 0.16[0.13, 0.19] —
Vaitkeviciute 2014 0.898 0084 24 0.829 0098 133 12.2% 0.07[0.03, 0.11] —
Total (95% CI) 275 713 100.0% 0.08 [0.05, 0.11] R 4
Heterogeneity: Tau? = 0.00; Chi? = 36.44, df = 10 (P < 0.0001); 12 = 73% _0‘_2 .5,1 o‘.| 0_‘2
Test for overall effect: Z = 5.00 (P < 0.00001) Favours [Normal weight] - Favours [Obese]
Footnotes
(1) Boys
(2) Girls
(3) Prepubertal
(4) Pubertal
(5) Taekwando
(6) Control

Figure 4 — (a) Pooled results of the studies that reported lumbar spine BMD (g/cm2) for normal weight and
overweight children. (b) Pooled results of the studies that reported lumbar spine BMD (g/cm2) for normal
weight and obese children. BMD, bone mineral density.
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Femoral neck BMD (g/cm?)

Pooled results of six studies (21, 24, 28, 29, 37, 41) showed an MD of 0.02 g/cm? (95%Cl
-0.01, 0.06), indicating that there is no significant difference in femoral neck BMD be-
tween overweight and normal-weight children. The MD of femoral neck BMD between
obese and normal-weight children was 0.07 g/cm?” (95%Cl 0.04, 0.09), which was ob-
tained from 5 different studies (23, 29, 36, 37, 41) (Figure 5a and 5b). The heterogeneity
for these associations was 81% (P<0.001) and 55% (P=0.05) respectively. This led to a
moderate quality of evidence for the non-significant mean difference in femoral neck
BMD between normal-weight and overweight children and for the significant mean dif-
ference in femoral neck BMD between normal-weight and obese children.

a Overweight Normal weight Mean Difference Mean Difference
Study or Subgroup __Mean [g/lcm2] SD [g/cm2] Total Mean [glcm2] SD [g/cm2] Total Weight IV, Random, 95% Cl [gl/cm2] IV, Random, 95% Cl [g/cm2]
Eriksson 2009 0.837 009 17 0.76 01 79 123% 0.08{0.03, 0.13] —
Gracia-Marco 2012 (1) 0.889 0097 30 0.831 0099 133 13.7% 0.06[0.02, 0.10] —_—
Gracia-Marco 2012 (2) 0.94 01 42 0.895 0097 125 14.2% 0.04 [0.01, 0.08] —_
Ivuskans 2014 0.904 095 110 0.895 0101 154  28% 0.01[-0.17,0.19]

Jeddi 2015 075 013 58 07 012 390 14.1% 0.05(0.01, 0.09] —

Shin 2011 (3) 08 003 10 0.83 003 10 15.3% -0.03 [-0.06, -0.00] —

Shin 2011 (4) 1.06 0025 10 1.09 0046 10 14.5% -0.03[-0.06, 0.00] —

Vaitkeviciute 2014 0913 0092 22 0.906 0099 133 132% 0.01[-0.03, 0.05] -

Total (95% CI) 299 1034 100.0% 0.02[-0.01,0.06] -

Heterogeneity: Tau? = 0.00; Chi* = 36.52, df = 7 (P < 0.00001); I* = 81% o

02 0.1 0
Test for overall effect: Z = 1.40 (P = 0.16) Favours [Normal weight] ~ Favours [Overweight]

Footnotes
(1) Girls. Adjusted for height, calcium intake and sexual maturation

(2) Boys. Adjusted for height, calcium intake and sexual maturation
(3) Control
(4) Taekwando
Obese Normal weight Mean Difference Mean Difference
Study or Mean [g/cm2] SD [g/cm2] Total Mean [g/cm2] SD [g/cm2] Total Weight IV, Random, 95% Cl [g/cm2] IV, Random, 95% Cl [g/cm2]
Fischer 2000 07844 011705 16 080167  0.15034 16  6.6% -0.02[-0.11, 0.08]
Jeddi 2015 0.81 013 24 07 012 390 14.3% 0.11[0.06, 0.16]
Rocher 2013 0742 0.108 53 0.67 0098 24 15.7% 0.07 [0.02, 0.12]
Shin 2011 (1) 0.92 004 10 0.83 003 10 227% 0.09[0.06, 0.12]
Shin 2011 (2) 115 003 10 1.09 0046 10 21.4% 0.06 [0.03, 0.09]
Vaitkeviciute 2014 0.938 0088 24 0.906 0.099 133 19.3% 0.03[-0.01,0.07)
Total (95% CI) 137 583 100.0% 0.07 [0.04, 0.09]

Heterogeneity: Tau? = 0.00; Chi? = 11.03, df = 5 (P = 0.05); I* = 55%

Test for overall effect: Z = 4.75 (P < 0.00001) 02

02 01 0 01
Favours [Normal weight] ~ Favours [Obese]

Footnotes
(1) Control
(2) Taekwando

Figure 5 — (a) Pooled results of the studies that reported femoral neck BMD (g/cm2) for normal weight and
overweight children. (b) Pooled results of the studies that reported femoral neck BMD (g/cm2) for normal
weight and obese children.

Other outcome measures

Several outcome measures were reported by only one or two individual studies. Out-
come measures that were reported by two studies were pooled. A summarized overview
of these results are presented in Table 3a (overweight vs normal-weight) and Table 3b
(obese vs normal-weight). Overweight children had significantly higher values at all dif-
ferent body sites, except at the distal radius and tibia (CoD) and the lumbar spine and
femoral neck (BMC). Obese children showed significantly higher values at all body sites,
except at the distal radius and tibia (CoD and TrD), at the forearm (BMD), and for the total
bone mineral apparent density.
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Sensitivity analyses
Sensitivity analysis on gender for total body BMC, including 3 studies (20, 24, 29), showed
that the MD of total body BMC between overweight and normal weight boys was 184
grams ((95%Cl 95, 273), 1>=0%, p=0.59). For girls this MD was 172 grams ((95%C| 89,
256), 1’=24%, p=0.27). Both significant MD’s had high quality of evidence (see Appendix
4a). The MD of total body BMC between obese and normal weight boys was 353 grams
((95%C1-10, 717), 1’=77%, p=0.01) and for girls 473 grams ((95%Cl 300, 645), 1’=50%,
p=0.14), based on the same three studies (20, 24, 29). The quality of evidence for these
MD’s was moderate (see Appendix 4b).

For several other outcome measures, only a maximum of 2 studies reported out-
comes for boys and girls separately. A summarized overview of these pooled results are
shown in appendix 5.

DISCUSSION

The purpose of this systematic review was to obtain insight in the differences in BMD
between normal-weight children and overweight and obese children. The current study
shows that overweight and obese children have a significantly higher whole body BMC
and BMD than normal-weight children. Measurements of bone density of specific body
sites showed an overall trend towards, often significantly, higher bone density values in
overweight and obese children. The quality of the evidence found was of moderate or
high quality.

For all but two outcome measures there was significant heterogeneity between the
studies with an 1> of 63% to 81%. The heterogeneity was mainly caused by three studies
(24, 26, 37). These studies reported outcome measures separately for boys and girls, or
for taekwondo and control group, which might partly explain the heterogeneity. When
removing these studies from the analyses the heterogeneity dropped substantially and
the outcomes remained almost similar. Only for the outcome femoral neck BMD in
overweight and normal-weight children, the MD became positive and significant when
removing Shin et al. (37) from the analysis (MD 0.05 g/cm” (95%Cl 0.03, 0.06)). Other
possible explanations for heterogeneity could be different cut-off systems used to define
the weight groups or the wide age range in the study populations. Overall, the heteroge-
neity did not seem to impact our results substantially.

Additional analysis between overweight and obese children showed no significant
difference for total body BMC between these groups, but moderate quality of evidence
was found for a significant difference in total body BMD between overweight and obese
children. This indicates that being obese compared to overweight does not have as much
impact as being obese or overweight compared to being of normal weight.
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Table 3 — (a) Outcome measures overweight vs. non-overweight

Body site with outcome measure Studies included N Mean difference (95%Cl)
Radius Metaphysis BMC (g/cm) 1(12) 427 0.06 (0.04, 0.08)**
Radius Diaphysis BMC (g/cm) 1(12) 427  0.06 (0.04, 0.08)**
Tibia Metaphysis BMC (g/cm) 1(12) 427 0.27(0.19, 0.35)**
Tibia Diaphysis BMC (g/cm) 1(12) 427 0.28(0.22, 0.34)**
Distal radius cortical density (g/cm?) 1(12) 427 5.10(-5.07, 15.27)
Distal radius trabecular density (g/cm®) 1(12) 427  15.40(8.54, 22.26)**
Distal tibia cortical density (g/cm’®) 2(12,42) 872 -0.44(-5.01, 4.14)
Distal tibia trabecular density (g/cm’) 1(12) 427 15.50(7.77, 23.23)**
Lumbar Spine BMC (g) 1(24) 330 0.22(-2.5,2.94)
Bone mineral content index (kg/m?) 1(31) 482 0.01(0.01,0.01)**
Heel BMC (g) 1(39) 41 0.04(0.02,0.06)**
Heel BMD (g/cm?) 1(39) 41 0.05(0.02, 0.08)**
Heel BMAD (g/cm’®) 1(39) 41 13.30(3.15, 23.45)*
Total hip BMC (g) 1(24) 330 1.51(0.04,2.99*
Total hip BMD (g/cm?) 1(24) 330 0.04(0.02,0.07)*
Femoral neck BMC (g) 1(24) 330 0.25 (0.06, 0.44)*

*p <0.05. **p < 0.001. BMAD, bone mineral apparent density; BMC, bone mineral content; BMD, bone mineral

density; Cl, confidence interval.

Table 3 — (b) Outcome measures obese vs. normal weight

Body site with outcome measure Studies included N Mean difference (95%Cl)
Distal radius cortical density (g/cm?) 2 (18, 32) 178 -1.67(-59.24, 55.90)
Distal radius trabecular density (g/cm?) 2 (18, 32) 178 -0.61(-10.33,9.12)
Distal tibia cortical density (g/cm?) 2 (18, 32) 181 -16.66 (-51.26, 17.93)
Distal tibia trabecular density (g/cm’) 2 (18, 32) 178 -0.73 (-10.38, 8.93)

Total Bone Mineral Apparent Density (g/cm’) 2 (25, 35) 112 0.04(-0.07,0.15)
Lumbar Spine BMC (g) 2 (35, 36) 120  3.63(1.77,5.49)**
Lumbar spine BMAD (g/cm?) 1(35) 43 0.02(0.01, 0.03)**

Arm BMC (g) 1(34) 115  34.00(7.31, 60.69)*
Trunk BMC (g) 1(34) 115  127.00 (55.35, 198.65)**
Leg BMC (g) 1(34) 115  248.60 (143.90, 353.30)**
Total hip BMC (g) 1(36) 77 2.66(0.32,5.00)*

Total hip BMD (g/cm?) 1(36) 77 0.07(0.02,0.11)*
Femoral neck BMC (g) 1(36) 77 0.45(0.12,0.78)*
Forearm BMC (g) 1(36) 77 0.64(0.24, 1.04)*
Forearm BMD (g/cm2) 1(36) 77 0.02 (-0.00, 0.04)

*p <0.05. **p < 0.001. BMAD, bone mineral apparent density; BMC, bone mineral content; BMD, bone mineral

density; Cl, confidence interval.
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We decided to include studies with either longitudinal or cross-sectional designs. Sur-
prisingly our search resulted in only one study investigating the long term consequences
of obesity on bone mineral density. This study found a higher trabecular density at the
tibia in adult women and a somewhat lower cortical density at tibia in adult men who
were obese in childhood.

The studies with a cross-sectional design mostly found a significantly higher bone
density in overweight and obese children. Given the results of the cross-sectional studies
and the lack of evidence on the long term consequences of childhood obesity on BMD,
more prospective research should be done in this field in order to gain more knowledge
on the long-term consequences of childhood obesity on the quality and strength of the
bones.

Some of the cross-sectional studies analyzed girls and boys separately. Therefore,
sensitivity analyses for gender were performed. Although only few studies could be
included in this analyses, the analyses still showed for most outcome measures more
often a significant difference between normal weight and overweight or obese in girls
than boys. These findings, in combination with the outcomes of the single longitudinal
study, may indicate that overall excess weight in girls leads to a higher bone density than
it does in boys. One could suggest that this might be due to the difference in hormonal
development in girls and boys.

The results of the current study imply that overall, overweight and obese children
develop a higher peak bone mass during childhood than normal weight children. It has
been suggested that increased mechanical loading, seen in children with excess weight,
increases bone mineral density (12, 13). Furthermore, physical activity has been shown
to increase bone mineral density as well (57, 58, 59). However, children with excess
weight seem to be less physically active (60, 61). It is therefore questionable whether
the effect of increased mechanical loading in overweight and obese children on BMD is
as large as the effect of physical activity in normal weight children on BMD, and if the
increased mechanical loading in obese children will therefore compensate for the lack of
physical activity for the effect on BMD.

To compare the impact of overweight and obesity on BMD with the impact of physical
activity on BMD, we compared the results of the current study with studies investigating
the BMD in athletes and non-athletes (57, 58, 59). The current review showed a total
body BMD MD range of 0.04-0.05 g/cm? versus a total body BMD MD of 0.012-0.13
g/cm? in studies investigating non-athletes versus athletes (57, 58, 59). The MD at the
lumbar spine ranged from 0.04-0.08 g/cm’ in the current review and from 0.06-0.076 g/
cm? in the studies on non-athletes and athletes (57, 59). These results indicate that an
increased mechanical loading, caused by for instance being overweight or obese, seems
to have similar impact in the bone density, especially in the lumbar spine, as does being
physically active.
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In addition to the different theories mentioned above trying to explain a higher bone
density in overweight and obese children, it has also been suggested that obesity may
lead to an increase in circulating leptin. The role of leptin in the development of BMD is
however still speculative. Leptin is known to have a direct effect on bone density, since it
is a growth factor on chondrocytes of skeletal growth centers (18, 62). This could poten-
tially contribute to increased skeletal mass in obese children (63), and to a higher peak
bone mass at a younger age compared to non-overweight children (30). However, leptin
also has an indirect effect on bone formation by influencing other hormones affecting
the bone density (growth hormone, androgens, cortisol) (64). It has also been suggested
that leptin alters the microstructure of the bones and that a higher proportion of fat
mass is negatively associated with bone strength which both could lead to an increase in
the propensity to fracture (12, 18). Moreover, leptin resistance, a state often met in chil-
dren with obesity, seems to be related to a poorer bone health outcome (64). This may
explain why obese children encounter more fractures (4, 5), and in particular fractures
of the forearm (65).

Besides leptin, estrogen is also found to play an important role in bone formation and
estrogen deficiency leads to increased osteoclast formation (66). One of the main sites
of metabolism of estrogen is fat tissue. Since bodies of the overweight and obese contain
increased fat tissue, they consequently have increased levels of estrogen (67), which
could lead to the growth and positive regulation on bone formation (66).

Strengths and limitations

This is the first systematic review examining the differences in BMD between normal
weight children and overweight and obese children. The literature was searched system-
atically and extensively, and data extraction and risk of bias assessment were done by
three independent reviewers. Additionally, meta-analyses were performed to summarize
the mean differences of interest.

A large percentage of the included studies reported bodyweight and height as pos-
sible confounders. In this review data were not adjusted for confounders, since most
included studies only presented unadjusted data. Of the studies that did adjust for po-
tential confounders, only in one study the association between obesity and the outcome
measure changed. Confounders that would be of much interest here are for instance
muscle mass and physical activity since these, among other factors, are known to play a
role in the development of bone mineral density (10, 68, 69), and could therefore have
influenced the outcomes in the studies.

Statistical heterogeneity was found in most pooled analyses and is likely to be ex-
plained by methodologic differences between studies. In order to deal with the hetero-
geneity we made use of a random effects model. We interpreted the outcome measures
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with care by downgrading the level of evidence by one level when heterogeneity was
present (I> >40%) .

Since most studies included in this review were small studies with less than 50 cases
of overweight or obese participants per study, one must be aware of publication bias.
The funnel plots for the pooled outcome measures showed some signs of publication
bias, since there are only a few larger studies showing a significant effect. The smaller
studies however are symmetrically spread around the point estimate, which points to a
small risk of publication bias.

It is possible that the classified ‘normal weight” children will also include a subgroup
of children with underweight. These underweight children could not be separately ana-
lyzed but may have had impact on our results by lowering the mean BMI of the normal
weight group.

Implications
The relation between overweight and obese children and their BMD has widely been
studied. It is now shown that overweight and obese children do have a higher BMC and
BMD compared to normal-weight children. However, little is known on the development
of bone mass into adulthood, since we only found one study investigating this longitu-
dinal relation. Future research should therefore focus on the potential long-term effects
and the development of BMC and BMD in time in both overweight and obese children.
Even though obese children develop a higher bone density during childhood, it is ap-
parent that more injuries and fractures are seen in these children than in normal-weight
children (4, 5). These fractures may be caused by increased falling because of clumsi-
ness (6). It could be suggested that the higher bone density in obese children may be
a normal adaptation to the increased weight, which is supported by two studies where
after adjustment for body weight, no difference between bone density between normal
weight and obese children was found (35, 36). However, it has been studied that the
quality of the bone in the obese is not as high as in normal weight children and therefore
the bones may be insufficient to compensate for the excess body fat and elevated body
weight applied to the skeleton (35, 42).

Conclusion

Overweight and obese children have a significantly higher bone mineral density com-
pared to normal-weight children. No conclusions can be drawn on the development of
bone density from childhood into adulthood.
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Appendix 1- Search string for embase, medline, cinahl, cochrane, web-of-science, pubmed and google scholar

Embase.com

(‘obesity’/exp OR ‘adipose tissue’/de OR ‘abdominal fat’/de OR ((‘body weight’/de OR
‘weight gain’/de OR ‘body mass’/de OR ‘body composition’/de OR ‘body fat’/de OR ‘body
fat distribution’/exp) AND (‘predictive value’/de OR prognosis/de OR ‘regression analy-
sis’/exp OR ‘cohort analysis’/exp OR ‘longitudinal study’/exp OR ‘retrospective study’/exp
OR ‘prospective study’/exp OR ‘follow up’/de)) OR (obes* OR overweight* OR adipos*
OR ((body OR abdom*) NEXT/1 fat) OR ((BMI OR ‘body mass’ OR ‘body composition’
OR ‘body weight’ OR ‘body fat’ ) NEAR/6 (high* OR excess* OR content* OR predict*
OR account* OR regression* OR correlat®* OR retrospective* OR prospective* OR co-
hort* OR variable* OR assess* OR associat* OR change* OR effect* OR influen*))):ab,t)
AND (‘bone density’/exp OR ‘bone densitometry’/exp OR ‘bone mineral’/exp OR ‘bone
mineralization’/exp OR ‘bone strength’/de OR ((bone NEAR/3 (densit* OR mineral* OR
demineral* OR strength* OR weak* OR microstructure*)) OR bmd):ab,ti) AND (child/exp
OR adolescent/exp OR adolescence/exp OR ‘child behavior’/de OR ‘child parent relation’/
de OR pediatrics/exp OR childhood/exp OR ‘child nutrition’/de OR ‘infant nutrition’/exp
OR ‘child welfare’/de OR ‘child abuse’/de OR ‘child advocacy’/de OR ‘child development’/
de OR ‘child growth’/de OR ‘child health’/de OR ‘child health care’/exp OR ‘child care’/
exp OR ‘childhood disease’/exp OR ‘child death’/de OR ‘child psychiatry’/de OR ‘child
psychology’/de OR ‘pediatric ward’/de OR ‘pediatric hospital’/de OR (adolescen* OR
infan* OR newborn* OR (new NEXT/1 born*) OR baby OR babies OR neonat* OR child*
OR kid OR kids OR toddler* OR teen* OR boy* OR girl* OR minors OR underag* OR
(under NEXT/1 (age* OR aging)) OR juvenil* OR youth* OR kindergar* OR puber* OR
pubescen*® OR prepubescen* OR prepubert* OR pediatric* OR paediatric* OR school*
OR preschool* OR highschool*):ab,ti)

Medline ovid

(exp “Overweight”/ OR exp “adipose tissue”/ OR exp “abdominal fat”/ OR ((exp “body
weight”/ OR “Body Mass Index”/ OR exp “body composition”/ ) AND (“prognosis”’/ OR
exp “regression analysis”/ OR exp “cohort studies”/)) OR (obes* OR overweight* OR adi-
pos* OR ((body OR abdom*) ADJ fat) OR ((BMI OR “body mass” OR “body composition”
OR “body weight” OR “body fat” ) ADJ6 (high* OR excess* OR content* OR predict* OR
account® OR regression* OR correlat* OR retrospective* OR prospective* OR cohort*
OR variable* OR assess* OR associat* OR change* OR effect* OR influen*))).ab,ti.) AND
(“Bone Density”/ OR “Calcification, Physiologic”/ OR ((bone ADJ3 (densit* OR mineral*
OR demineral* OR strength* OR weak* OR microstructure*)) OR bmd).ab,ti.) AND (exp
child/ OR exp infant/ OR adolescent/ OR exp pediatrics/ OR exp Child Health Services/
OR Hospitals, Pediatric/ OR (adolescen* OR infan* OR newborn* OR (new ADJ born*) OR
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baby OR babies OR neonat* OR child* OR kid OR kids OR toddler* OR teen* OR boy* OR
girl* OR minors OR underag* OR (under ADJ (age* OR aging)) OR juvenil* OR youth* OR
kindergar* OR puber* OR pubescen* OR prepubescen* OR prepubert* OR pediatric* OR
paediatric* OR school* OR preschool* OR highschool*).ab,ti.)

Cinahl ebsco

(MH “Obesity+” OR MH “adipose tissue+” OR MH “abdominal fat+” OR MH “Adipose
Tissue Distribution+” OR ((MH “body weight+” OR MH “Body Mass Index+” OR MH “body
composition+” ) AND (MH “prognosis” OR MH “regression+” OR MH “Prospective Stud-
ies+” )) OR (obes* OR overweight* OR adipos* OR ((body OR abdom*) N1 fat) OR ((BMI
OR “body mass” OR “body composition” OR “body weight” OR “body fat” ) N5 (high* OR
excess* OR content* OR predict* OR account* OR regression* OR correlat* OR retro-
spective* OR prospective* OR cohort* OR variable* OR assess* OR associat* OR change*
OR effect* OR influen*)))) AND (MH “Bone Density” OR ((bone N2 (densit* OR mineral*
OR demineral* OR strength* OR weak* OR microstructure*)) OR bmd)) AND (MH child+
OR MH adolescence+ OR MH pediatrics+ OR (adolescen* OR infan* OR newborn* OR
(new N1 born*) OR baby OR babies OR neonat* OR child* OR kid OR kids OR toddler*
OR teen* OR boy* OR girl* OR minors OR underag* OR (under N1 (age* OR aging))
OR juvenil* OR youth* OR kindergar* OR puber* OR pubescen* OR prepubescen®* OR
prepubert* OR pediatric* OR paediatric* OR school* OR preschool* OR highschool*))

Cochrane

((obes* OR overweight* OR adipos* OR ((body OR abdom*) NEXT/1 fat) OR ((BMI OR
‘body mass’ OR ‘body composition” OR ‘body weight” OR ‘body fat’ ) NEAR/6 (high* OR
excess* OR content* OR predict* OR account* OR regression* OR correlat* OR retro-
spective* OR prospective® OR cohort* OR variable* OR assess* OR associat* OR change*
OR effect* OR influen*))):ab,ti) AND (((bone NEAR/3 (densit* OR mineral* OR demin-
eral* OR strength* OR weak* OR microstructure*)) OR bmd):ab,ti) AND ((adolescen*
OR infan* OR newborn* OR (new NEXT/1 born*) OR baby OR babies OR neonat* OR
child* OR kid OR kids OR toddler* OR teen* OR boy* OR girl* OR minors OR underag*
OR (under NEXT/1 (age* OR aging)) OR juvenil* OR youth* OR kindergar* OR puber* OR
pubescen* OR prepubescen* OR prepubert* OR pediatric* OR paediatric* OR school*
OR preschool* OR highschool*):ab,ti)

Web-of-science

TS=(((obes* OR overweight* OR adipos* OR ((body OR abdom*) NEAR/1 fat) OR ((BMI
OR “body mass” OR “body composition” OR “body weight” OR “body fat” ) NEAR/5
(high* OR excess* OR content* OR predict* OR account* OR regression* OR correlat*®
OR retrospective* OR prospective* OR cohort* OR variable* OR assess* OR associat*
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OR change* OR effect* OR influen*)))) AND (((bone NEAR/2 (densit* OR mineral* OR
demineral* OR strength® OR weak* OR microstructure*)) OR bmd)) AND ((adolescen*
OR infan* OR newborn* OR (new NEAR/1 born*) OR baby OR babies OR neonat* OR
child* OR kid OR kids OR toddler* OR teen* OR boy* OR girl* OR minors OR underag*
OR (under NEAR/1 (age* OR aging)) OR juvenil* OR youth* OR kindergar* OR puber* OR
pubescen* OR prepubescen* OR prepubert* OR pediatric* OR paediatric* OR school*
OR preschool* OR highschool*)) )

Pubmed publisher

(“Overweight”[mh] OR “adipose tissue”[mh] OR “abdominal fat”[mh] OR ((“body
weight”[mh] OR “Body Mass Index”[mh] OR “body composition”[mh] ) AND
(“prognosis”[mh] OR “regression analysis”[mh] OR “cohort studies”[mh])) OR (obes*[tiab]
OR overweight*[tiab] OR adipos*[tiab] OR body fat*[tiab] OR abdominal fat*[tiab] OR
((BMI OR “body mass” OR “body composition” OR “body weight” OR “body fat” ) AND
(high*[tiab] OR excess*[tiab] OR content*[tiab] OR predict*[tiab] OR account*[tiab] OR
regression*[tiab] OR correlat*[tiab] OR retrospective*[tiab] OR prospective*[tiab] OR
cohort*[tiab] OR variable*[tiab] OR assess*[tiab] OR associat*[tiab] OR change*[tiab]
OR effect*[tiab] OR influen*[tiab])))) AND (“Bone Density”[mh] OR “Calcification,
Physiologic”[mh] OR ((bone AND (densit*[tiab] OR mineral*[tiab] OR demineral*[tiab]
OR strength*[tiab] OR weak*[tiab] OR microstructure*[tiab])) OR bmd)) AND (child[mh]
OR infant[mh] OR adolescent[mh] OR pediatricsmh] OR Child Health Services[mh] OR
Hospitals, Pediatricmh] OR (adolescen*[tiab] OR infan*[tiab] OR newborn*[tiab] OR
(new born*[tiab]) OR baby OR babies OR neonat*[tiab] OR child*[tiab] OR kid OR kids OR
toddler*[tiab] OR teen*[tiab] OR boy*[tiab] OR girl*[tiab] OR minors OR underag*[tiab]
OR under ag*[tiab] OR juvenil*[tiab] OR youth*[tiab] OR kindergar*[tiab] OR puber*[tiab]
OR pubescen*[tiab] OR prepubescen*[tiab] OR prepubert*[tiab] OR pediatric*[tiab]
OR paediatric*[tiab] OR school*[tiab] OR preschool*[tiab] OR highschool*[tiab])) AND
publisher[sb]

Google scholar

obesity | overweight|bmi prediction | predictive | regression|correlation | retrospective | pr
ospective|longitudinal| cohort “bone density | mineral | mineralization|demineralization”
adolescents|adolescence|infants|infancy|children|childhood
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Appendix 2 - risk-of-bias assessment

Differences in bone mineral density

Criteria for quality score

Study population

1.

Study groups (according to weight status)

are clearly defined

2.

3.

Participants 2 70%

Number of cases 2 50

Assessment of weight status

4.

Weight status definition

Assessment of weight status

Blind for weight status assessment

Assessment of BMD

7.
8.
9.

BMD definition
BMD assessment

Blind for weight status

Study Design

10.
11.
12.
13.

Longitudinal design
Inclusion and exclusion criteria
Follow-up period 2 1 year

Information on study completers versus

withdrawals

Analysis and data presentation

14.

15.

16.

Data presentation

Consideration of confounders

Control for confounding

Positive if at least 2 of the following 3 items in all groups were
reported: age, gender, BMI

Positive if the participation of both the overweight and normal
weight groups was > 70%

Positives if the total number of cases was > 50

Positive if cut-off values for weight status definition were
mentioned

Positive if the method of assessment of weight status was
described

Positive if the weight status was assessed by an independent
person and not based on self-report

Positive if the outcome was clearly defined
Positive if the method of assessment of BMD was described

Positive if the BMD was assessed while blinded for the weight
status

Positive if the study design was longitudinal
Positive if inclusion and exclusion criteria were described
Positive if the follow-up period was > 1 year

Positive if demographic information was given for completers
and withdrawals

Positive if risk estimates were presented or if raw data were
given that allow the calculation of risk estimates, such as: odds
or prevalence ratios or relative risks

Positive if the confounders that were considered were
described

Positive if the method used to control for confounding was
described
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Obese Overweight Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ellis 2003 1616 4996 160 1,504 536 96 B5.9% 112.00[-29.591, 253.51] I
Ellis 2003 1607 BOB BB 1656 BEZ 37 13.4% &1.00 26288 36488
Jeddi 2015 17712 54 24 16185 5063 a8 20.7% 15270 [-99.80, 405.20] —
Total {95% CI) 250 191 100.0% 112.25[-2.63,227.13] | ~—
Heterogeneity, Tau®= 0.00; Chi®=0.24, df= 2 (P =0.88), F= 0% ho 180 ILTRELE

Testfor overall effect:

=182(F=008)

Appendix 3a - Total body BMC of overweight and obese children

Favours [Overweight] Favours [Obese]

Obese Overweight Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean 5D Total Weight IV, Random, 95% CI IV, Random, 95% CI
Jeddi 20145 086 011 24 081 012 a8 276% 0.04[-0.00,0.10] T
Vaitkeviciute 2014 1086 0067 24 1.001 0.047 22 724% 0.06[0.02,0.09] — .
Total (95% CI) 48 80 100.0%  0.05[0.03,0.08] i
Heterogeneity Tau®= 0.00: Chi#F= 0.02, ¢f=1 (P = 0.88); F= 0% n1 -n’na nEa n}1
LS L Gl HEAS Al A B ) Favours [Overweight] Favours [Qbese]
Appendix 3b - Total body BMD of overweight and obese children
Overweight Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ellis 2002 1,666 BB2 371480 855 M8 9.2% FEO0[-217.22 369.27) e I —
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Differences in bone mineral density

Appendix 5 - Outcomes of sensitivity analyses for gender for different outcome measures

Body site with outcome measure Studies included N Mean difference (95%Cl)
Total body BMD normal weight vs overweight

Males 2(27,32) 391 0.02(-0.01, 0.06)
Females 2(27,32) 387 0.03(0.01, 0.05)**
Total body BMD normal weight vs obese

Males 2(25, 32) 277 0.02 (-0.05, 0.09)
Females 2(25, 32) 288 0.10(0.05, 0.14)**
Lumbar spine BMD normal weight vs overweight

Males 2(27,32) 391 0.03(-0.05,0.11)
Females 2(27,32) 387 0.07(0.04,0.11)**
Lumbar spine BMD normal weight vs obese

Males 2(25, 32) 277 0.01(-0.07,0.09)
Females 2(25,32) 288 0.11(0.06,0.16)**
Femoral neck BMD normal weight vs overweight

Males 2(27,32) 391 0.04(0.01,0.07)*
Females 2(27, 32) 387 0.06(0.03, 0.09)**

*p<0.05, **p<0.001
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ABSTRACT

Background

Childhood obesity is associated with self-reported musculoskeletal complaints, injuries,
and fractures. In the current study we investigated the association between weight status
of children and the frequency and type of musculoskeletal consultations at the GP during
a two year follow-up.

Methods

Data from a prospective longitudinal cohort study including children aged 2-18 years
presenting in general practices in the Netherlands were used. Height and weight were
measured at baseline, at 6 months, 1 year and 2 year follow-up. Electronic medical files
were used to collect information on the frequency and type of consultations at the GP
during the two-year follow-up period. Associations between weight status and frequency
and type of GP consultations were calculated.

Results

Of the 617 included children, 111 (18%) were overweight or obese and 506 (82%) were
non-overweight. Overweight children were significantly older (mean age 9.8 years sd
(3.6) versus 7.8 (4.0), p=0.004). Overweight children consulted the GP in general signifi-
cantly more frequent during the 2-year follow up than non-overweight children (mean
7.3(5.7)vs 6.7 (5.4), OR 1.09, 95%Cl 1.01-1.18). No significant difference was seen in the
number of overweight and non-overweight children consulting their GP for musculosk-
eletal complaints (OR 1.20 (0.86 — 1.68)). Additionally, no significant difference between
overweight and non-overweight children was seen for the number of consultations for
further specified musculoskeletal disorders.

Conclusion

No association was seen between childhood weight status and the frequency and type of
musculoskeletal consultations at the GP during a two year follow-up.
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INTRODUCTION

Childhood obesity is a worldwide health issue, especially in western countries (1). Previ-
ous studies, mostly carried out on population basis and in secondary healthcare settings,
have shown that childhood overweight and obesity are associated with (in questionnaires
reported) musculoskeletal complaints, injuries, and fractures as early as childhood (2, 3).
The prevalence of musculoskeletal pain is 26% higher in overweight children compared
to normal weight children, and the prevalence of injuries and fractures is 8% higher (2).
In contrast with these findings, it has also been found that overweight children do not
have an increased injury risk compared with normal weight sports participants (4). The
mechanisms behind the suggested higher frequency of musculoskeletal complaints and
increased risk of injuries and fractures in overweight and obese children is frequently
discussed (5). One mechanism is based on altered loading of the joints, causing knee
and/or hip pain and related pathologies (6, 7, 8). Altered loading of the joints and
excessive weight put on the joints seen in obesity also increases the risk on later life
osteoarthritis (OA) (8, 9). Other factors are also thought to play a role in the development
of musculoskeletal pain. One of these include disturbed hormone and lipid levels found
in overweight and obese adult, and children (10, 11, 12, 13). These are known to play a
role in the pathogenesis of osteoarthritis in older adults, but it is unknown whether this
mechanism already starts during childhood.

In daily practice, obese children are more likely to present to a pediatric emergency
department with injuries and pain of the lower extremities compared to normal-weight
children (3, 14). However, in the Netherlands, the general practitioner is the first point of
care for non-emergency complaints, as in many other countries. Since previous literature
suggests that overweight and obese children report more musculoskeletal problems
than normal weight children, the current study will investigate whether these differences
influence the frequency of consultations for musculoskeletal complaints at the general
practitioner during a follow-up of two years.

METHODS:

Study Design

This study is a prospective longitudinal cohort study using data from the DOERAK cohort.
The DOERAK (“Determinants of (sustained) Overweight and complaints; Epidemiological
Research among Adolescents and Kids in general practice”) cohort was set up to gain
knowledge on the differences between overweight and normal-weight children in gen-
eral practice. The study protocol has previously been published (15). The study has been
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approved by the Institutional Review Board of the Erasmus University Medical Center,
Erasmus MC.

Participant selection

Between December 2010 and April 2013, children were recruited from 73 general prac-
tices. All children visiting their GP or GP-trainee (from here on both defined as GP) in this
timeframe were asked to participate in the study. In order to be eligible, children had to
be between 2-18 years of age and they/their parents had to have a basic understanding
of the Dutch language to be able to give informed consent and fill out Dutch question-
naires. Children having a mental or physical disability, children with co-morbidities affect-
ing weight and children consulting their GP with emergency problems were not eligible
to participate.

All children and parents who were approached during consultation received verbal
information about the study by their GP during this regular consultation. If child and
parent were interested in participation, height, weight and waist circumference of the
child were measured and contact information was sent to the researcher. Written study
information and informed consent forms were then sent to the participant by the re-
search team (children of age 12 and older also received an informed assent form), where
after the researcher contacted the family to answer any questions about the study and to
investigate if they were willing to participate. The child was formally included in the study
when the informed consent (and informed assent form when needed) was received.
While participating in the study, children received usual care from their GP.

Data collection

At baseline, after formal inclusion, a questionnaire was sent to the GP to collect data on
the child’s height, weight, waist circumference and to collect the reason for consultation
at baseline. The parents of the included children also received a questionnaire at baseline
to collect data on demographics of parent and child. After inclusion, the participants were
asked tofill out a questionnaire at 6, 12 and 24 months. If one of these questionnaires was
not completed after one week, a reminder was sent, which was repeated for eight weeks.
If after these eight weeks the questionnaire was still unanswered, the research assistant
contacted the participant to remind him or her. After two years follow-up, the research
assistant retrieved the medical file records of all children who completed the two year
follow-up (as covered by informed consent) or who gave permission to search their file
even after drop-out. For every consultation during the two year-follow up period, the
GP recorded reason for consultation by the international classification of primary care
(ICPC-coding) (16) (APPENDIX 1) and the corresponding explanatory text was extracted.
Any correspondence between the GP and other health professionals during the two year
follow-up was also extracted.
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Measures

For the present study, the GP questionnaire was used to extract the child’s age and gen-
der. Height and weight were measured by the GP or the research assistant, who received
the same instructions and followed an identical protocol (15). From height and weight
measures taken after formal inclusion, baseline BMI-z scores were calculated and weight
status was determined using the international age and gender specific cut-off points (17,
18). Since only a small percentage of the included children was obese, overweight and
obese children were combined into one category called the ‘overweight’ category. Par-
ent’s questionnaires were used to extract general information. Ethnicity (both parents
born in the Netherlands, at least one parent born in another country), socio-economic
status based on net household income using monthly general labor income of 2014 as
cut-off point(19) (<2000 euros/month, >2000 euros/month), and marital status reported
by parents (parents living together, parents separated) were dichotomized. Highest level
of education in the household was categorized into three levels (up to lower secondary
level, upper secondary level, at least bachelor level), based on the international standard
classification of education (20).

Medical files were used to determine the frequency of all consultations. The ICPC-
letter ‘L' (corresponding to musculoskeletal complaints) and the explanatory text were
used to determine the frequencies of musculoskeletal complaints. To further specify
musculoskeletal complaints, the accompanying numbers were used and categorized into
lower extremities, upper extremities and others (e.g. back, neck, thorax) (APPENDIX 2).
Consultations with code L that could not be categorized, due to missing information on
location, were defined as ‘unclear’.

Primary outcome measures:

The primary outcome measures of this study were the frequency and type of musculo-
skeletal consultations during the two year follow-up. Secondary outcomes included the
overall number of consultations.

Statistical analyses

Baseline demographics, frequencies of complaints and type of complaints among over-
weight and non-overweight children were described using means (sd) for continuous
variables and frequencies (%) for dichotomous or categorical variables. To test whether
weight status was associated with the frequency of musculoskeletal consultations and
the frequency of consultations in general, Poisson regression was used. Logistic regres-
sion analysis was used to assess the association between weight status and the presence
of musculoskeletal consultations during two-year follow-up time. Furthermore, the asso-
ciation between weight status and further specified musculoskeletal conditions denoting
to specific body parts were tested separately using logistic regression analysis. Multivari-
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able analysis was used to test for different predictors for musculoskeletal consultations
during the two-year follow up. Complete case analysis was used.

All analyses were adjusted for potential confounders (age, gender, socio-economic
status (ses), marital status), which were considered a confounder if the regression coef-
ficient of the overweight status changed more than 10% after adding it to the model. We
did not adjust for ethnicity and education level due to collinearity with ses. P-values <0.05
were considered statistically significant. The strength of associations were determined
using Odds Ratios (OR) and Incidence Rate Ratios (IRR) with 95% Confidence Intervals
(CI). IBM SPSS statistics 12.0 was used for statistical analyses.

RESULTS

General characteristics

Of the 1109 children that showed interest to their GP to participate, 733 gave written
consent and were included. Baseline weight status was missing for 18 children due to
missing weight and/or height measures at baseline. At two years follow up, medical re-
cords were not searched for 98 children due to drop out and/or no permission. A total of
28 children gave permission to search their medical file after drop-out. Therefore, a total
of 617 children were included in the present study (Figure 1). Children excluded from
analysis were significantly older (mean age 9.4 years sd (4.4) versus 8.0 (3.9), p=0.001)
and had a higher BMI-z at baseline (mean 0.50 (1.3) versus 0.06 (1.344), p=0.003).

At baseline a total of 18% (n = 111) was overweight, of which 24 children (4% of
total population) were obese, and 82% (n = 506) was non-overweight (Table 1). Over-
weight children were significantly older (mean age 9.8 years sd (3.6) versus 7.8 (4.0),
p=0.004) and had significantly higher baseline BMI-z values (2.0 (0.7) versus-0.4 (1.1)).
Most children came from families with a middle or high SES (78.6%) and high education
level (83.5%), with both parents born in the Netherlands (84.8%) and with parents living
together (84.0%).

Consultations during 2 year follow up

Overall, there was a mean of 6.8 (5.43) consultations during the 2-year follow up.
Overweight children consulted the GP in general significantly more frequent than non-
overweight children (mean 7.3 (5.7), and 6.7 (5.4) OR 1.09, 95%CI 1.01-1.18, adjusted
p-value 0.03).

A total of 377 (61%) children went to see their GP at least once during follow up, and
260 (42.1%) children went for a musculoskeletal consultation (Table 2). After specifying
into the different categories, 164 (26.6%) children consulted their GP for a lower extrem-
ity condition, 104 (16.9%) for an upper extremity condition, 65 (10.5%) for other body
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1109 with verbal consent to GP

Reason exclusion N (%)
- Not reported 149 (39.6)
- Too busy 104 (27.7)
- Could not be reached 64 (17.0)
- Just don't want to 41 (10.9)
- Already involved in medical research 6(1.6)
- Moving away 4(1.1)
- Not eligible 3(0.8)
-Tooill 2(0.5)
- Negative opinion about research 2(0.5)
- No direct benefit 1(0.3)
- Data are kept too long 1(0.3)
- Weight is a sensitive topic 1(0.3)
‘ 733 included in database ‘
Reason exclusion N (%)
- No baseline weight status 18 (2.5)
‘ 715 included at baseline ‘
Reason exclusion N (%)
- No HIS data available 98 (13.7)

‘ 617 included in analysis ‘

Figure 1 — Flow chart of inclusion

parts and in 42 (6.8%) the musculoskeletal localization was not registered. Since some
children visited the GP for multiple musculoskeletal complaints of different categories,
the sum of children with further specified consultations is greater than the number of
children with consultations in the category ‘any musculoskeletal consultation’. No sig-
nificant difference was seen in the number of overweight and non-overweight children
consulting their GP for any musculoskeletal complaints (56 (50.5%) versus 204 (40.3%),
OR 1.36 (0.87 — 2.16)). After further specifying the musculoskeletal conditions into con-
sultations for lower extremities, upper extremities, other body part, and miscellaneous,
no significant differences in frequencies of visits were seen between children with and
without overweight.

Number of musculoskeletal consultations (table 3)

During two-year follow-up, a child had a mean of 0.4 (sd 0.5) musculoskeletal consul-
tations with the GP, which is equal to one musculoskeletal consult per five years. No
significant difference was seen in the number of musculoskeletal consultations during
two year follow-up between overweight (mean 0.5 (sd 0.5)) and non-overweight (0.4
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(0.5)) children (OR 1.20, 95%Cl 0.86-1.68). Additionally, no significant difference between
overweight and non-overweight children was seen for the number of consultations for
any of the further specified musculoskeletal conditions.

Finally, a multivariable regression was performed to test for predictors (besides over-
weight and/or obesity) for musculoskeletal consultations during two-year follow (Table
4). (Higher) age was significantly associated with a higher number of consultations for
musculoskeletal complaints (OR 1.07 (95%C.1. 1.02-1.13).

Table 1 — Baseline characteristics.

Study population Normal weight Overweight/ Obese

N=617 N=506 N=111
Patient characteristics
N=617 N=507 N=111
Gender female, N (%) 321 (52.0) 260 (51.4) 61 (55.0)
N=617 N=507 N=111
Age (years), mean (SD) 8.0(3.9)* 7.76 (3.95) 8.9 (3.6)"
N=513 N=421 N=92
SES N (%) N (%) N (%)
Low (<2000 euros) 110 (21.4) 88(20.9) 22 (23.9)
Middle/High (>=2000 euros?) 403 (78.6) 333(79.1) 70 (76.1)
N=553 N=450 N=103
Highest education in household N (%) N (%) N (%)
Low (up to lower secondary level) 91 (16.5) 75 (16.7) 16 (15.5)
Middle (upper secondary level) 222 (40.1) 176 (39.1) 46 (44.7)
High (at least bachelor level) 240 (43.4) 199 (44.2) 41 (39.8)
N=540 N=441 N=99
Ethnicity N (%) N (%) N (%)
Both parents born in Netherlands 458 (84.8) 379 (85.9) 79 (79.8)
At least one parent born in another country 82 (13.3) 62 (14.1) 20(20.2)
N=551 N=449 N=102
Marital status N (%) N (%) N (%)
Parents separated 88 (16.0) 70 (15.6) 18 (17.6)
Parents together 463 (84.0) 379 (84.4) 84 (82.4)
N=617 N=507 N=111
BMI-z score baseline, mean (sd) 0.06 (1.3)* -0.36 (1.1) 1.98(0.7)"
N=610 N=500 N=110
Waist circumference (cm), mean (sd) 60.33 (11.64)* 57.79 (8.76) 71.88 (15.54)"

Amore than 2000 euros monthly net income per household, * significantly different from whole sample
(n=733), “significantly different from normal weight
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Table 2 — Number of patients with musculoskeletal consultations during 2 year follow-up.

Total ow NW OR Overall Adjusted OR* Adjusted

(n=617) (n=111) (n=506) (95% C.l.) p-value (95% C.l.) p-value®
Any musculoskeletal consultation, 260 56 204 1.51 0.05 1.36 0.19
# of patients (%) (42.1)  (50.5)  (40.3) (1.00-2.28) (0.86-2.16)
Lower extremities consultation, 164 36 128 0.71 0.12 0.77 0.30
# of patients (%) (26.6) (324) (253) (0.45-1.10) (0.46-1.27)
Upper extremities consultation, 104 20 84 0.91 0.72 0.95 0.88
# of patients (%) (16.9) (18.0) (16.6) (0.53-1.55) (0.52-1.74)
Other body parts consultation 65 13 52 0.86 0.66 0.76 0.44
(back, neck), (10.5)  (11.7)  (10.3) (0.45-1.65) (0.37-1.54)
# of patients (%)
Unclear/not registered where 42 9 33 0.79 0.55 0.78 0.59
complaint is located, (6.8) (8.1) (6.5) (0.37-1.70) (0.32-1.91)

# of patients (%)

"adjusted for gender, age, marital status, ses. OW = overweight, NW = normal-weight, OR = odds ratio of over-

weight status compared to normal-weight

Table 3 — Number of musculoskeletal consultations during 2 year follow-up
Total ow NW OR Overall Adjusted OR* Adjusted

(n=617) (n=111) (n=506) (95%C.l.) p-value (95% C.l.) p-value®
Any musculoskeletal 0.4 0.5 0.4 1.25 0.14 1.20 0.29
consultation, (0.5) (0.5) (0.5) (0.93-1.25) (0.86-1.68)
mean (sd)
Lower extremities consultations, 0.4 0.5 0.4 1.31 0.08 1.15 0.43
mean (sd) (0.8) (1.0) (0.8)  (0.97-1.77) (0.82-1.62)
Upper extremities consultations, 0.3 0.3 0.2 1.21 0.32 1.11 0.64
mean (sd) (0.7) (0.8) (0.6) (0.83-1.78) (0.73-1.69)
Other body parts consultations 0.1 0.2 0.1 1.31 0.30 1.22 0.49
(back, neck), mean (sd) (0.5) (0.6) (0.4) (0.79-2.19) (0.69-2.15)
Unclear/not registered where 0.09 0.1 0.08 1.56 0.15 1.44 0.30
complaint is located, mean (sd) (0.4) (0.5) (0.4) (0.85-2.86) (0.72-2.89)

“adjusted for gender, age, marital status, and ses. OW = overweight, NW = normal-weight, OR = odds ratio of

overweight status compared to normal-weight

Table 4 — Multivariable logistic regression for the presence of mus

culoskeletal consultations during two-year

follow up.
B OR (95% C.1.)
Age 0.07 1.07 (1.02-1.12)**
Gender (male) -0.04 0.96 (0.67-1.39)
Ethnicity (both Dutch) -0.08 0.92 (0.55-1.55)
Marital status (parents together) -0.03 1.03 (0.59-1.67)
SES (middle/high) 0.03 1.03 (0.62-1.71)
Weight status (normal weight) -0.25 0.78 (0.49-1.24)

* p<0.05, **p<0.01
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DISCUSSION

Main findings

Children with overweight or obesity consulted their GP more often than non-overweight
children during a two year follow up period, but not for musculoskeletal problems. When
further specifying the musculoskeletal consultations into lower and upper extremities,
other body parts and a miscellaneous group, still no significant difference was seen for
any of these subgroups in frequency of consultations between overweight and non-
overweight children.

Our findings seem to be in contrast with published literature (2, 3, 21) showing more
musculoskeletal complaints in overweight and obese children. These complaints were
however mainly self-reported by means of questionnaires [8, 10]. These children may
report complaints on questionnaires but may not find the complaints serious enough to
consult the GP for. This could explain why we found no difference in frequency of mus-
culoskeletal consultations between normal-weight and overweight children. Though, an
earlier study performed in primary care did find a difference between overweight and
obese children and normal-weight children in experiencing musculoskeletal problems
(21). However, the authors did not adjust the analyses for important confounders includ-
ing socio-economic status and ethnicity, while these factors are known confounders for
the frequency of GP consultations (22, 23). This is confirmed by the current study where
the positive trend between overweight/obesity and musculoskeletal consultations
(p=0.05) changes to being not significant (p=0.19) after adjusting for confounders (Table
2). Furthermore, our study population is relatively young compared to other literature.
It is known that the frequency of musculoskeletal complaints seen in primary care espe-
cially increases around the age of ten (24). This is strengthened by the fact that we found
a positive association between age and musculoskeletal consultations during follow-up.
This might explain that studies with an older age group will find more musculoskeletal
complaints.

Strengths and limitations

This is, to our knowledge, the first prospective cohort study comparing overweight and
non-overweight children in general practice with a two year follow-up. Calibrated scales
were used to measure height and weight for BMI calculation, consultations were recorded
from medical files and GP trainees were trained on the reliability of measurement. This
all implies that the main outcomes of this paper are based on valid data.

By instructing the GP trainees to invite every child visiting the GP to participate in
the study, we tried to minimize selection bias. However, when we compare our study
population to the overall Dutch population, parents from children in our cohort were
more often both born in the Netherlands (84% vs. 79%) and highly educated (43% vs.
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32%). Therefore, our cohort might not be completely representative of all children in
general practices, which could lead to an underestimation of the percentage overweight
and obese. Furthermore, since we recruited our patients at the GP, our study population
only reflects a sample of all children living in the Netherlands. However, since in the
current study we are primarily interested in children visiting the GP, we believe this did
not impact our results.

Children who completed the two year follow-up or who gave permission for their
medical files to be used were included in the analyses. Children excluded from analysis
were significantly older and had a higher BMI-z at baseline. Therefore, an underestima-
tion of the percentage overweight could be the result of this selection bias.

The size of our study sample was smaller than intended (15). The smaller sample size
may have introduced a power problem. We were able to show a significant difference in
visits to the GP in general, indicating that this difference could be even more profound if
more children were included.

Furthermore, there was a significant difference in age and BMI between the included
and excluded children, which could bias the results. Excluded children were significantly
older and had a significantly higher BMI. Since an earlier study found that overweight
children of older age had more consultations at the GP than overweight children of
younger age (25), the exclusion of these children could have led to an underestimation
of the amount of GP consultations.

Finally, we did not take possible changes in weight status during the two year follow
up into consideration which may have had impact on the consultations during the 2-year
follow-up.

Conclusion

Overweight and obese children visited the GP significantly more often than normal-
weight children during a two year follow up. However, no association was seen between
childhood overweight and obesity and the frequency and type of musculoskeletal con-
sultations at the GP.
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Chapter 4

Appendix 1 - ICPC coding system

ICPC letter Body system

A General

Blood, blood-forming organs, immunity system
Gastro-intestinal

Eye

Ear

Cardiovascular

Musculoskeletal

Nervous system

Psychological problems

Airway

Skin

Endocrine glands, metabolism, nutrution
Urinary tract

Pregnancy, giving birth

Female genitals

Male genitals

N-<><EC—|V’N'UZ'_XI'"UN

Social problems

84



Appendix 2 — ICPC codes for musculoskeletal complaints

L01 Neck symptom/complain

L02 Back symptom/complaint

LO3 Low back symptom/complaint

L04 Chest symptom/complaint

LOS Flank/axilla symptom/complaint
LO7 Jaw symptom/complaint

L08 Shoulder symptom/complaint

L09 Arm symptom/complaint

10 Elbow symptom/complaint

L11 Wrist symptom/complaint

L12 Hand/finger symptom/complaint
L13 Hip symptom/complaint

L14 Leg/thigh symptom/complaint
L15 Knee symptom/complaint

L16 Ankle symptom/complaint

L17 Foot/toe symptom/complaint

L18 Muscle pain

19 Muscle symptom/complaint NOS
20 Joint symptom/complaint NOS
L26 Fear of cancer musculoskeletal
L27 Fear musculoskeletal disease other
128 Limited function/disability ()

129 Sympt/complt. Musculoskeletal other
L70 Infections musculoskeletal system
L71 Malignant neoplasm musculoskeletal
L72 Fracture: radius/ulna

L73 Fracture: tibia/fibula

L74 Fracture: hand/foot bone

L75 Fracture: femur

L76 Fracture: other

L77 Sprain/strain of ankle

L78 Sprain/strain of knee

L79 Sprain/strain of joint NOS

L80 Dislocation/subluxation

181 Injury musculoskeletal NOS

L82 Congenital anomaly musculoskeletal
L83 Neck syndrome

L84 Back syndrome w/o radiating pain
L85 Acquired deformity of spine

L86 Back syndrome with radiating pain
187 Bursitis/tendinitis/synovitis NOS
188 Rheumatoid/seropositive arthritis
L89 Osteoarthrosis of hip

L90 Osteoarthrosis of knee

L91 Osteoarthrosis other

L92 Shoulder syndrome

L93 Tennis elbow

L94 Osteochondrosis

L95 Osteoporosis

L96 Acute internal damage knee

L97 Neoplasm benign/unspec musculo.
198 Acquired deformity of limb

199 Musculoskeletal disease, other

Musculoskeletal complaints in children
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Chapter 5

ABSTRACT

Aim
This prospective cohort study investigates whether the suggested association between

weight status and respiratory complaints in open populations is also reflected in the
frequency of consultations for respiratory complaints at the general practice.

Methods

Children aged 2-18 years presenting at one of the participating general practices in the
Netherlands could be included. Electronic medical files were used to extract data on
consultations. Logistic regression- and negative binomial regression analyses were used
to assess the associations between weight status and the presence-, and frequency of
respiratory consultations respectively during 2-year-follow-up. Subgroup analyses were
performed in children aged 2-6 years, 6-12 years, 12-18 years old.

Findings

Of the 617 children, 115 (18.6%) were underweight, 391 (63.4%) were normal-weight
and 111 (18%) were overweight. Respiratory consultations were not more prevalent
in underweight- compared to normal-weight- (OR 0.87, 95%Cl 0.64-1.10), and in over-
weight- compared to normal-weight children (OR 1.33, 95%Cl 0.99-1.77). Overweight
children aged 12-18 years had more respiratory consultations (OR 2.14, 95%Cl| 1.14-
4.01), more asthma-like consultations (OR 3.94, 95%Cl 1.20-12.88), and more respiratory
allergy related consultations (OR 3.14, 95%CI 1.25-7.86) than normal-weight children.

Conclusions

General practitioners should pay attention to weight loss as part of the treatment of
respiratory complaints in overweight and obese children.
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INTRODUCTION

Pediatric underweight, overweight and obesity are, among other diseases, associated
with respiratory diseases and symptoms, like asthma and allergic rhinitis (1-5). Previous
studies have shown a u-shaped association between weight status and prevalence of
asthma (3, 5). Several underlying mechanisms have been suggested for the higher preva-
lence of asthma in obese children. (6, 7). One of these include that high body weight
may exacerbate airway inflammation, which may also contribute to the development of
asthma (8). Symptoms of asthma in overweight and obese children are also partly due to
the excess weight itself, and its accompanying fat deposition in the upper body, abdomen
and upper airways (9). Besides asthma, obesity is also linked to atopy, like allergic rhinitis,
however the evidence for this association is contradicting (8, 10, 11).

In 2016, worldwide 14% of children under the age of 5 years was underweight, and
just over 18% of children aged 5-19 years was overweight or obese (12, 13). In 2016, in
the Netherlands, 7.4% of children aged 4-12 years was underweight (14), 13.6% of chil-
dren aged 4-17 years was overweight and 2.7% was obese (15). Although the prevalence
of underweight has slowly declined in the past decennia, the prevalence of overweight
and obesity has steadily increased over the past years both worldwide and in the Neth-
erlands (13, 15, 16).

Asthma is among the top two diseases in the Netherlands for which children consult
the general practitioner (GP) the most (17). In the Netherlands, the GP is responsible for
primary care and therefore the first doctor to assess a symptom or health complaint.
Up to now, studies that stated that weight status is associated with different kind of
respiratory diseases and symptoms, were all conducted in open-based or school-based
populations and used questionnaires to gather data on symptoms and diseases (1-5).
Therefore, the question arises whether the suggested association between weight
status and respiratory complaints in an open population is reflected in the frequency of
consultations for respiratory complaints at the GP by underweight-, normal-weight- and
overweight children.

This study investigated the association between weight status and the number of
respiratory consultations in general, and specific respiratory consultations at the GP,
which include asthma-like -, respiratory inflammatory -, and respiratory allergy related
consultations. Since the prevalence of asthma and other respiratory symptoms in children
varies between different ages, the current study also investigated the beforementioned
associations in different age categories (18).
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METHODS

Study design

This study was a prospective cohort study with a follow-up of two years; data from the
DOERAK (Determinants of (sustained) Overweight and complaints; Epidemiological
Research among Adolescents and Kids in general practice) study were used (28). The
Institutional Review Board of the Erasmus University Medical Centre has approved the
DOERAK study (MEC-2010-092).

Participant selection

GPs, and GP trainees in their last year of education (from now on both GP), invited all
children who consulted the GP between December 2010 and April 2013 for any type of
complaint to participate in the study. These children could be invited at 71 participating
GP offices located in various socio-economic regions in the South-West of the Nether-
lands. Children had to be aged 2-18 years and both children, depending on their age,
and their parent(s) had to have at least a basic understanding of the Dutch language
to be able to give informed consent and understand the questionnaires. Children who
were disabled, had serious comorbidities affecting weight or consulted the GP for an
emergency were excluded.

Eligible children and their parents received verbal information from their GP dur-
ing consultation. If they were interested to participate in the study, the child’s height
and weight were measured by the GP. Hereafter, written information and an informed
consent form was provided to the parents, and an informed assent form was provided
to children aged 12 years and older. Within two weeks, the family was contacted by
the research assistant to answer any remaining questions and to examine their interest
to participate in the study. Once the signed informed consent forms (and if applicable,
assent forms) were received, the child was officially included in the study. During the
study period, children received usual care from their GP.

Data collection

Height and weight were measured by the GP at baseline and an online questionnaire
with questions about, among other things, sociodemographic information was sent to
parents and, if at least nine years old, to the child. Families without access to internet
received paper copies of the questionnaires via post. If the questionnaires were not
completed one week after the participant received the questionnaire, weekly reminders
were sent to the child and/or parents.

Information regarding the frequencies and types of consultations of the children at
the GP during the 2-year follow-up was registered in the electronic medical files at the GP
office. In these medical files, reasons for consultation and the accompanying diagnoses
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were recorded by the GP using the International Classification of Primary Care (ICPC)
(Supplementary Table 1) (29). These ICPC-codes, together with possible explanatory
comments, were extracted for analysis from the electronic medical files.

Measures

Age and gender were extracted from the GPs’ baseline questionnaires. Weight status
was determined based on Body Mass Index (BMI) z-scores, which were calculated using
BMI (bodyweight in kilograms divided by height in meters squared) and age-specific and
gender-specific cut-off points(30, 31). Due to the small number of obese children in the
cohort (n=24), both obese and overweight children were merged into the overweight
group, classified as BMI >85" percentile.

Ethnicity, parental education, socio-economic status (SES), marital status, the child’s
birth weight and information on breastfeeding were extracted from the parent’s ques-
tionnaires. SES was based on net household income, and was dichotomized into ‘low
SES’(<2000 Euros/month) and ‘middle/high SES’(>2000 Euros/month) using the mean
monthly general labor income of 2014 as the cut-off point (32). Ethnicity (‘both parents
born in the Netherlands’ and ‘at least one parent not born in the Netherlands’), marital
status (‘parents are together’ and ‘parents separated’) and breastfeeding (‘breastfed’
and ‘not breastfed’) were also dichotomized. Parental education was categorized into
three classes: ‘up to lower level secondary education’, ‘higher level secondary education’
and ‘at least a bachelor diploma’”.

In order to analyze the frequency and type of consultations, respiratory consultations
in general were defined as all ICPC codes with the letter ‘R’. Asthma-like consultations
were defined as ICPC codes RO2 (shortness of breath), RO3 (wheezing) and R96 (asthma).
Respiratory allergy related consultations were defined as ICPC code R02, RO3, R96 and
R97 (allergic rhinitis). Respiratory inflammatory consultations were defined as ICPC codes
RO5 (cough), and R71 up to R83 (respiratory inflammatory codes).

Outcome measures

The primary outcome measures in this study were the frequency and type of (specific)
respiratory consultations during the 2-year follow-up in underweight, normal-weight,
and overweight children. Secondary outcome measure was the overall number of con-
sultations.

Sample size calculation

The incidence of self-reported respiratory diseases in children with overweight is 0.311,
and in children of normal-weight the incidence is 0.217 (33). When using the formula
of Fleiss with a two-sided significance level of 0.05 and a power of 90%, the sample size
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is 461 children in each group (28, 34). Taking about 10% of drop-outs into account the
number of participants in each group is 500.

Statistical analysis
The independent T-test was used to test for differences in baseline characteristics
between the included and excluded children. The ANOVA test was used to compare
baseline characteristics between the three different weight status groups. Analysis for
collinearity between potential confounders showed no collinearity between confound-
ers, therefore all analyses were adjusted for gender, age, ethnicity, SES and breastfeed-
ing. Missing data on confounders (8.5%) were handled using multiple imputation with
10 iterations. Logistic regression analyses were used to assess the association between
weight status and the presence of respiratory consultations, asthma-like consultations,
respiratory inflammatory consultations, and respiratory allergy related consultations
during the 2-year follow-up. Negative binomial regression was used to test the asso-
ciation between weight status and the frequency of respiratory consultations, asthma-
like consultations, respiratory inflammatory consultations, and respiratory allergy
related consultations during the 2-year follow-up. Subgroup analyses were performed
in three different age categories: 2 to 6 years old, 6 to 12 years old, 12 to 18 years old.
Sensitivity analyses were performed to test for differences in frequencies of respiratory
consultations between normal-weight and underweight children, using a stricter cut-off
for underweight status so that the 7.4% underweight prevalence in the Netherlands was
simulated (14).

P values <0.05 were considered statistically significant. Adjusted odds ratio’s (OR)
with a 95% confidence interval (Cl) were used to determine the strength of associations.
Data were analyzed using IBM SPSS Statistics 21/24.

RESULTS

General characteristics

Of the 1109 children who initially gave verbal consent to participate in the study, 733
gave written consent and were included in the database (Figure 1). Children with missing
baseline weight status (n=18) and/or children who did not give permission to review
their medical files (n=98) were excluded from the analysis, therefore 617 children were
included in the analyses. The excluded children were significantly older (mean 9.45(SD
4.4) vs 7.96(3.9), p=0.001)) and had a higher BMI z-score at baseline (0.49(1.3) vs
0.06(1.3), p=0.003) compared to included children.
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1109 with verbal consent to GP

Reason exclusion N (%)
- Not reported 149 (39.6)
- Too busy 104 (27.7)
- Could not be reached 64 (17.0)
- Just don't want to 41 (10.9)
- Already involved in medical research 6(1.6)
- Moving away 4(1.1)
- Not eligible 3(0.8)
-Tooill 2(0.5)
- Negative opinion about research 2(0.5)
- No direct benefit 1(0.3)
- Data are kept too long 1(0.3)
- Weight is a sensitive topic 1(0.3)
‘ 733 included in database ‘
Reason exclusion N (%)
- No baseline weight status 18 (2.5)
‘ 715 included at baseline ‘
Reason exclusion N (%)
- No HIS data available 98 (13.7)

‘ 617 included in analysis ‘

Figure 1 — Flowchart of inclusion

At baseline 115 (18.6%) children were underweight, 391 (63.4%) were of normal-
weight and 111 (18.0%) were overweight (Table 1). Underweight children were younger
(6.77(3.8) vs 8.05(4.0), p=0.017) and more often breastfed (85.4% vs 68.6%, p=0.025)
than normal-weight children. Parents of overweight children were less often from Dutch
descent compared to parents of normal-weight children (79.8% vs 86.3%, p=0.006).

Overall prevalence of consultations

Children had a mean of 6.9 (SD 5.6) consultations of any type during the 2-year follow
up. No significant differences were seen in the number of consultations between under-
weight (6.8 (5.1)) and normal-weight (6.7 (5.7)) children (OR 1.04, 95%Cl 0.83-1.31), and
between overweight (7.3 (5.7)) and normal-weight children (OR 1.10, 95%Cl 0.88-1.39).

Presence of respiratory consultations during 2-year follow-up (Table 2)

During the 2-year follow-up, 570 (92.4%) children consulted the GP at least once for any
type of complaint and 279 (45.2%) children consulted the GP at least once for a respira-
tory complaint. For asthma-like complaints, respiratory inflammatory complaints, and
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Table 1 - Baseline characteristics

Patient characteristics Study Underweight  Normal-weight Overweight
population (n=115; 18.6%) (n=391;63.4%) (n=111;
(n=617) 18.0%)

Gender, female (n; %) 321(52.0) 61(53.0) 199 (50.9) 61 (55.0)

Age (mean; SD) 7.96 (3.9)* 6.77(3.8)" 8.05 (4.0) 8.87 (3.6)

Ethnicity (n; %)

- Both parents born in the Netherlands 458 (84.8) 90 (84.9) 289 (86.3) 79(79.8) °
- Atleast one parent not born in the Netherlands 82 (15.2) 16 (15.1) 46 (13.7) 20(20.2)
SES (n; %)

- Low (<2000 euros) 110(21.4) 19(19.4) 69 (21.4) 22 (23.9)
- Middle/high (22000 euros) 403 (78.6) 79 (80.6) 254 (78.6) 70 (76.1)

Marital status (n; %)
- Parents together 463 (84.0) 90 (84.9) 289 (84.3) 84 (82.4)
- Parents not together 88 (16.0) 16 (15.1) 54 (15.7) 18 (17.6)

Education parents (n; %)

- Up to lower level secondary education 91 (16.5) 19 (17.9) 56 (16.3) 16 (15.5)

- Higher level secondary education 222 (40.1) 35(33.0) 141 (41.0) 46 (44.7)

- Atleast a bachelor diploma 240 (43.4) 52(49.1) 147 (42.7) 41 (39.8)
Breastfeeding (n; %)

- Breastfed 352 (71.4) 82(85.4)" 214 (68.6) 56 (65.9)

- Not breastfed 141 (28.6) 14 (14.6)" 98 (31.4) 29 (34.1)
Birth weight (mean; SD) 3421 (632) 3333 (550) 3413 (625) 3548 (725)
BMI z-score (mean; SD) 0.06 (1.3)* -1.79(0.9)* 0.06 (0.7) 1.98(0.7) "

*Significant difference between analysis group and group excluded from analysis, p<0.05.
" Significant difference between normal-weight and underweight, p<0.05.
* Significant difference between normal-weight and overweight, p<0.05.

respiratory allergy related complaints, 47 (7.6%), 168 (27.2%), and 81 (13.1%) children
respectively consulted the GP at least once during the 2-year follow-up. There were no
significant differences in the number of children with respiratory consultations between
underweight and normal-weight children (OR 1.06, 95%Cl 0.68-1.63), and overweight
and normal-weight children (OR 1.54, 95%Cl 0.99-2.39). No significant differences be-
tween weight status groups were found for the number of children consulting the GP
with asthma-like-, respiratory inflammatory-, and respiratory allergy related complaints.

Number of respiratory consultations (Table 2)

Children had a mean of 1.2 (2.0) respiratory consultations during the 2-year follow-up.
No significant differences were seen in the number of respiratory consultations between
underweight (1.0 (1.6)) and normal-weight (1.2 (2.0)) children (OR 0.87, 95%CI 0.64-
1.10), and between overweight (1.4 (2.2)) and normal-weight children (OR 1.33, 95%Cl
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0.99-1.77). Though, overweight children consulted the GP significantly more often for re-
spiratory allergy related consultations (0.4 (1.1)) than normal-weight (0.2 (0.8)) children
(OR 1.65, 95%CI 1.06-2.57). No significant differences between the weight status groups
were found for asthma-like-, and respiratory inflammatory consultations.

Respiratory consultations per age category (Table 3)

The association between weight status and number of respiratory consultations during
2-year follow-up was investigated in three different age categories (2 to 6 years, 6 to 12
years, 12 to 18 years). This analysis revealed that overweight children aged 12-18 years
had significantly more respiratory consultations at the GP (1.87 (3.06) vs. 0.93 (1.54))
than normal-weight children aged 12-18 years (OR 2.14, 95%Cl 1.14-4.01).

Overweight children aged 12-18 years also had more asthma-related consultations
(0.48 (1.50) vs 0.20 (1.00)) (OR 3.94, 95%Cl 1.20-12.88), and more respiratory allergy
related consultations (0.78 (1.68) vs 0.31 (1.05)) (OR 3.14, 95%Cl 1.25-7.86) than normal-
weight children aged 12-18 years.

No further significant differences were seen between weight status, specifically be-
tween underweight and normal-weight children, and the number of (further specified)
respiratory consultations in the different age categories.

DISCUSSION

Overall, no significant differences were found in the number of children (aged 2-18
years) visiting the GP with at least one respiratory complaint between underweight and
normal-weight, and overweight and normal-weight children during 2 years of follow-up.
Overweight children of all ages consulted the GP more often than normal-weight chil-
dren (0.4 vs 0.2) only for respiratory allergy related consultations. However, overweight
children aged 12-18 years, had significantly more respiratory consultations in general
(2.14 vs 0.93), asthma-like consultations (3.94 vs 0.20) and respiratory allergy related
consultations (3.14 vs 0.31) than normal-weight children of this age.

We found that older overweight children had significantly more asthma-like consulta-
tions than their normal-weight peers. This is comparable with the results from a review,
which supports the association between overweight and asthma as well (2). Moreover,
two studies included in this review showed that with increasing age, the odds ratio
between overweight and asthma increased, which is similar to what we found (19, 20).
This may strengthen the suggestion that the relationship between obesity and asthma is
dose-dependent, since older children who became overweight at an early age have been
exposed to obesity for a longer period (8). They have also been exposed to metabolic
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dysregulation and mechanical factors such as excess truncal adiposity for a longer period,
and therefore may have more asthma complaints for which they consult the GP (6-8).

Another explanation for the fact that we only found an association between obesity
and asthma in older children is that a recent review including 21130 children suggested
that the association between asthma and obesity may be inverse, meaning that asthma
may lead to obesity (21). This association may partially be explained by lifestyle factors,
i.e. asthmatic children have lower levels of physical activity and less sleep than healthy
children, both of which can lead to obesity (22). These processes may take a few years,
which may explain that the association between obesity and asthma in our study is only
found in older children.

The fact that that the association between obesity and asthma in our study was only
found in older children may also be explained by the influence of hormonal factors on
respiratory symptoms. It has been shown that obesity and early onset of puberty are
independent risk factors for persistence of asthma after the onset of puberty in both
boys and girls (23). Furthermore, early menarche at an age under 11.5 years predicts
post-menarcheal incidence of asthma (24).

In addition to the higher percentage of asthma-like symptoms found in overweight
children aged 12-18 years, significantly more respiratory and more respiratory allergy
related consultations were seen in overweight children aged 12-18 years compared to
their normal-weight peers. This difference was however not present in children aged 2
to 6 and 6 to 12 years old. This phenomenon may again be explained by the suggested
dose-dependent relationship between obesity and asthma(8). It could also be suggested
that the low percentage of overweight children aged 2-6 years in the study population
(only 9%) introduced a statistical power problem. However, when looking at the OR’s and
the 95%Cl of the associations between weight status and respiratory consultations in
children aged 2 to 6 years old, they are not close to significance. Therefore, it does not
seem that the fact that there were no differences in respiratory consultations between
the young overweight and normal-weight children can be explained by lack of power.

It was notable that in our sample 18.6% of the children was underweight based on
the age-specific and gender-specific cut-off scores from Cole et al., while in 2016 in
the Netherlands 7.4% of children aged 4-12 years was underweight (14). We therefore
wanted to investigate whether this large proportion of underweight children had an im-
pact on our results. To approach the underweight percentage of 7.4% in the Netherlands,
we manually adjusted the cut-off so that only the 7.5% most underweight children in our
sample were marked as underweight. When re-running the analyses with this stricter
cut-off, still no significant differences between underweight and normal-weight children
for respiratory consultations were found. Therefore we believe that the results found in
the underweight children are valid.
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We earlier showed that overweight children consult their GP more often than normal-
weight children (25). The current study found that this difference may partly be explained
by the increased number of respiratory consultations seen in the older overweight chil-
dren. However, the clinical relevance of this difference is questionable. Extrapolating the
number of asthma-related consultations in the current study to the Dutch population, a
GP in the Netherlands will have about four asthma-related consultations per year from 17
overweight children aged 12-18 years, compared to eleven consultations per year from
109 normal-weight children aged 12-18 years (14). On the other hand, in our cohort,
19% of all consultations were from children with overweight, while 35% of asthma-like
consultations were from children with overweight. Thus, although the absolute number
of normal-weight and overweight children consulting the GP for asthma complaints may
not differ much, relatively, the percentage of respiratory consultations from children with
overweight is much larger than the percentage of all type of consultations from children
with overweight.

The asthma clinical guideline for GPs does not differentiate between the treatment
of asthma in normal-weight or overweight children (26). There is some evidence that
suggests that weight loss may lessen asthma symptom severity (2, 27). Therefore, it
could be suggested that implementation of weight loss treatment for overweight and
obese children in the asthma clinical guideline may be beneficial for the treatment of
asthma. Though, more evidence on the effectiveness of weight loss is mandatory in order
to implement these recommendations in clinical guidelines.

This study is the first to investigate the association between children’s weight status
and frequency and type of respiratory consultations at the GP. Weight and height of
the children were measured by GPs, rather than using self-reported measures, which
increases the reliability of these measures. Medical files to extract data on the number
and type of consultations at the GP were used, instead of using questionnaires, which is
an important strength of this study, as this means we are not confronted with recall bias.

One limitation is that the study population was smaller than initially anticipated (28),
which may have introduced a power problem, especially in the younger children. By in-
structing the GPs to invite every child who presented him- or herself at the GP during the
inclusion period to participate in the study, we tried to minimize selection bias. However,
when we compare our study population to the overall Dutch population we found that
our study population includes less families with an ethnic minority background (15.2%
vs 22.6%), and more families with a high level of education (43% vs 32%). Therefore our
cohort may not be completely representative of all children in general practices. Further-
more, the excluded children in our study were significantly older and had a significantly
higher BMI z-score than included children. Since we found in the current study that it is
mostly the older overweight children that consult the GP more often for different types
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of respiratory consultations, the exclusion of these children could have led to an under-
estimation of the amount of respiratory consultations at the GP.

In conclusion, overweight children aged 2-18 years consulted the GP more often than
normal-weight children for respiratory allergy related consultations. Overweight children
aged 12-18 years consulted the GP more often for respiratory, asthma-like, and respira-
tory allergy related symptoms than their normal-weight peers. Since evidence suggests
that weight loss may lessen asthma symptom severity, there may be a place for weight
loss treatment for overweight children in the asthma clinical guideline(2, 27). However,
this effectiveness of weight loss on asthma symptoms should first be further investigated
before these recommendations may be implemented.
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ABSTRACT

Background

Multidisciplinary intervention programs for overweight and obese children mainly focus
on reducing bodyweight and body mass index (BMI), but they may also positively impact
blood pressure (BP), and cardiorespiratory fitness (CRF), which is a stronger predictor for
all-cause mortality than BMI.

Objective
To evaluate whether Kids4Fit, a multidisciplinary weight reduction program, has a posi-
tive effect on CRF and BP in overweight and obese children in socially deprived areas.

Methods

A quasi-experimental study design with a waiting list control period including children
who participated in a multidisciplinary intervention program of 12 weeks was set-up. BP
measurements and shuttle-run test (SRT) were performed at baseline, at the start of the
intervention, at the end of intervention and after 52 weeks. The effect of Kids4Fit on BP
and on SRT-scores were analyzed using mixed models.

Results

A total of 154 children were included (mean age 8.5 years(SD 1.8)). No significant change
was seen in systolic blood pressure percentiles at 52 weeks after start of the Kids4Fit
intervention (B 0.08, (95%CI-0.06, 0.22)). Diastolic blood pressure percentiles increased
significantly over time (B 0.20 (0.08, 0.31)). Effect plots showed an initial significant
increase of the SRT-scores but this effect diluted after the intervention.

Conclusion

Alocal multidisciplinary intervention program in deprived areas had a significant positive
effect on cardiorespiratory fitness, but this effect diluted after the intervention. Diastolic
blood pressure percentiles significantly increased over time. However, systolic blood
pressure did not change over time.
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INTRODUCTION

Childhood obesity is a global health issue and its prevalence increases every year (1).
The prevalence of childhood obesity is especially high in children living in deprived areas,
who are often of ethnic minorities and have low socioeconomic status (2). According to
several studies, multidisciplinary interventions show effective results in reducing obesity
and overweight amongst children (3, 4). However, most of these interventions did not
focus on children in deprived areas.

Multidisciplinary intervention programs mainly focus on reducing bodyweight and
body mass index (BMI), though recent studies have shown that cardiorespiratory fitness
(CRF) is a stronger predictor for all-cause mortality than BMI (5, 6, 7). CRF is an objec-
tive measure of habitual physical activity, and defined as the ability of the circulatory,
respiratory, and muscular systems to apply oxygen during sustained physical activity (8).
Improving CRF may be more important than lowering the BMI in order to reduce the risk
of cardiovascular disease and all-cause mortality, and is therefore an important outcome
measure of multidisciplinary intervention programs.

Elevated blood pressure in childhood is related to a variety of diseases in adulthood,
including type 2 diabetes mellitus, left ventricular hypertrophy, dyslipidemia, nonalco-
holic steatohepatitis and obstructive sleep apnea (9). Overweight and obesity increase
the risk of high blood pressure in children (10).Therefore, not only CRF, but also blood
pressure levels are important outcome measures of multidisciplinary weight reduction
intervention programs.

Recently, it has been shown that Kids4Fit, a multidisciplinary intervention program
in deprived areas of Rotterdam, The Netherlands, has a non-significant positive effect
towards a lower BMI-z, and is effective in reducing waist circumference (WC) in over-
weight and obese children (4). However, no previous research has studied the effects of
a multidisciplinary intervention program for overweight and obese children in deprived
areas on CRF and blood pressure. Therefore, the current study aims to evaluate whether
Kids4Fit also has a positive effect on CRF and blood pressure in overweight and obese
children in socially deprived areas. Secondary aims include the description of blood pres-
sure status and the level of physical fitness during and after Kids4Fit.

METHODS

Study design

A quasi-experimental study design study, with a waiting list control period, with a
follow-up of one year was performed. Children who were admitted to the Kids4Fit mul-
tidisciplinary intervention program were eligible for inclusion. The study protocol was
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approved by Medical Ethics Review Committee (METC-2012-479) of the Erasmus MC in
Rotterdam, the Netherlands.

Intervention

Kids4Fit is an ongoing multidisciplinary intervention program of 12 weeks for overweight and
obese children, which runs in four locations in deprived areas of Rotterdam, The Netherlands.

Children admitted to the Kids4Fit program have to be aged 6-12 years and have to be
overweight or obese according to the International Obesity Task Force Body Mass Index
(BMI) cut-off points (11). Children with co-morbidities, underlying medical pathologies
as a cause of the excess weight, and children with an inability to function in a group
cannot participate in the program. Eligible children can be referred to Kids4Fit by general
practitioners, pediatricians, youth health care workers or dieticians, or can subscribe to
Kids4Fit on their own initiative.

After signing up for Kids4Fit, children are placed on a waiting list until there is a group
of 8-12 children to start the intervention program. Before the start of the intervention,
each child and his/her parent(s) have an intake appointment of 20 minutes with each of
the treatment providers present, to receive more information about the intervention.
The program consists of group sessions led by a physiotherapist, a dietitian and a child
psychologist.

The physiotherapist leads the exercise component of the program, which consists
of 18 group sessions. During the first six weeks, children have 2-weekly 1-hour indoor
sport sessions. The last six weeks consists of a 1-weekly 1-hour session and children are
stimulated to combine this with a sport in their neighborhood outside of the program.
The training sessions focus on fitness and strength and includes different types of sport.
Parents are invited to join four of these sessions to increase their involvement in the
program. The primary aim of Kids4Fit is to activate the child and to stimulate the child to
join a sports club during or at the end of the intervention.

All children participate in four 1-hour group sessions led by the dietitian, in which
healthy eating behavior and physical activity are the topics. Special attention is given to
having breakfast, to avoid sugared drinks, to limit the use of television or computer and
to stimulate daily physical activity. Parents are also educated on the points mentioned
above and attention is given to parents being a role model for their children.

The third part of the program consists of four 1-hour group sessions with a child
psychologist, which aims to support the nutritional and exercise advice and to improve
the child’s self-image. Parents also attend four 1-hour group sessions with the child
psychologist, during which they receive information on a healthy lifestyle and how to
incorporate this in daily family life, and on their position as a role model.

At the end of the 12-week intervention, GP’s are informed with the results by a
report. GP’s are expected to follow-up the child.
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Subjects

In order to evaluate the effect of this multidisciplinary intervention, children participating
in Kids4Fit between October 2012 and August 2014 were asked to join the current study.
After subscription, parents received information from the research team about the study.
If interested, the research team sent them information and scheduled an appointment
for the first measurements. Written informed consent by parents (and children aged 12
years and older) was provided before the first measurements took place.

Data collection

Data was collected after children signed up for Kids4Fit (baseline), at the start of the
intervention (T1), at the end of the intervention (T2), and 52 weeks after the start of the
intervention (T3).

At baseline, all parents filled in a questionnaire including sociodemographic char-
acteristics (ethnicity, highest level of education), weight and height of both parents,
information on how the child became aware of Kids4Fit (self-referred or referred by
health care provider), and information on whether or not the child was a member of a
sports club.

Anthropometric measurements, blood pressure measurements and the SRT were
performed at all time points. The child’s height was measured to the nearest 0.1 cm
(SECA 217 freestanding mobile stadiometer) and weight to the nearest 0.1 kg (SECA 716
weighing scale). From height and weight measures, BMI-z scores were calculated using
the World Health Organization reference data (12).

Blood pressure was measured twice (OMRON M5-I) before the SRT, on the left arm
with an interval of at least two minutes. Before measuring, children were instructed to
sit down and relax. The second blood pressure measurements were converted to per-
centiles based on gender, age and height, using the blood pressure percentiles calculator
constructed by the National High Blood Pressure Education Program (13); these were
consequently used for the primary analyses.

Children were also categorized into a hypertensive (SBP = 95™ percentile or diastolic
blood pressure (DBP) 295" percentile), prehypertensive (SBP 90-94™ percentile or DPB
90-94" percentile) or normotensive (SBP and DBP <90™ percentile) group according to
the Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure
in Children and Adolescents (13). CRF was tested using the shuttle run test (SRT) (14).
A 10-meter SRT was used since this distance was available in all Kids4Fit locations. The
running pace was given by an audio-tape and started at 5km/h and increased by 0,25
km/h every minute. Each increase of speed level was equal to one stage, therefore every
stage of the SRT matches one minute of running. The test was stopped when the child
stopped running or when the child was unable to reach the 1.5m zone placed ahead of
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each 10m line at the moment of the audio signal, two times consecutively. The results
were recorded with an accuracy of half a stage and were used for primary analyses.

Children were also categorized as ‘low fit’ (least fit 20%; boys SRT<2.5, girls SRT<4),
‘moderately fit” (middle 40%; boys SRT >2.5 and <7.5, girls SRT >4 and <6.5 ) and ‘high fit’
children (most fit 40%; boys SRT>7.5, girls SRT>6.5) (15).

Children’s and parent’s attendance to all group sessions during the intervention were
registered, and children with >75% attendance rate were considered compliant to the
intervention.

Statistics

Data were analyzed using the statistical software package R (free download from www.
rproject.org). Baseline demographics were described using means and standard devia-
tions (sd) for continues variables and frequencies with proportions (%) for dichotomous
or categorical variables.

Linear mixed-effects models with random intercept and random slope were used to
analyze the effect of the multidisciplinary intervention up to 52 weeks on SBP and DBP
percentiles, and on SRT-scores. Linear mixed-effect models were also used to analyze the
effect of being a member of a sports club at T3 on SBP and DBP percentiles, and on SRT-
scores. A mixture of chi-squared distributions for likelihood ratio testing was applied to
investigate whether random intercept and slope were needed. The maximum likelihood
test was used to determine whether the outcomes were non-linear over time. Since
SRT-scores were nonlinear over time, the splines approach was used for the random
intercept and random nonlinear slope. In this model, age, gender, the waiting list period
and compliance were used as covariates. For the models with SBP and DBP percentiles as
outcome measures, the waiting list period and compliance were used as covariates and
a random intercept was assumed. Correction for multiple testing was not applied and
statistical significance was set at p<0.05.

Graphics to visualize the blood pressure status and the level of physical fitness at the
four different measurement times were constructed using Microsoft Excel 2010.

RESULTS

A total of 154 children were included in the study. Baseline measurements were per-
formed in 132 children, and 22 children entered the study at T1, without a waiting list
control period. The mean duration of the waiting list period was 23.3 (sd 10.9) weeks.
At 52 weeks after the start of the intervention, measurements could be performed for
89 children. No significant differences in baseline demographics were present between
children who completed the study and children who were lost to follow-up.

112



The effect of a multidisciplinary intervention program

Data of all 154 children were used for analyses and consisted of 66 (42.9%) boys, and
the mean (SD) age was 8.5 (sd 1.9) years (Table 1). 77.9% of the children had at least one
parent that was born outside the Netherlands, and 84.4% of the children had parents
of which the highest level of education was in the category ‘low’. Mean parental BMI
(maternal BMI or, if not available, paternal BMI) was 30.7 (SD 6.3). Of all participants, 68
(56.2%) were compliant to the intervention.

Table 1 — Baseline characteristics of included children (N = 154)

N %
Gender (male) 66 42.9
Age in years [mean (sd)] 8.5(1.9)
Ethnicity
Both parents born in the Netherlands 21 13.7
At least one parent born outside the Netherlands 120 77.9
Unknown 13 8.5
Parental education
High (at least bachelor level) 21 13.7
Low (up to secondary level) 130 84.4
Unkown 3 1.9
Signed up for Kids4Fit on own initiative 31 20.1
Referred to Kids4Fit by health care provider 114 74.0
BMI-z child [mean (sd)] 2.7 (0.8)
BMI parent (mother, or if not available father) [mean (sd)] 30.7 (6.3)

Table 2 shows the mean blood pressure percentiles and the mean SRT-scores at all
four measurement time points. Baseline SBP and DBP percentiles, and SRT-scores of chil-
dren who were lost to follow-up were not significantly different from those of children
who completed the study.

Linear mixed-effect model analyses showed no significant change in SBP percentiles
at 52 weeks after the start of Kids4Fit intervention (B 0.07%, (95%Cl-0.07, 0.21)), ex-
pressed as the effect of the intervention per week.

DBP percentiles increased significantly over time (f 0.19% (0.08, 0.31)). However,
Table 2 shows that both SBP and DBP percentiles decrease during the intervention period.
The percentages of participants with a normotensive, prehypertensive and hypertensive
blood pressure at the four different measurement times are presented in Figure 1.

At TO, 24.8% of the children were member of a sports club, at T1 this was 27.9%, at
T2 32.7% and at T3 this was 35.4%. At the end of the study period, children who were
a member of a sports club did not have a lower SBP and DBP than children who did not
participate in sports outside of Kids4Fit.
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Table 2 — Blood pressure percentiles at all time points [mean (sd)]

Baseline Pre-intervention Post-intervention 52 weeks after start
(n=129) (n=125) (105) intervention (89)
Systolic blood pressure percentile 51.9(26.9) 48.9(28.0) 47.1(27.8) 52.7 (26.6)
Diastolic blood pressure percentile  60.3 (23.3) 64.0 (22.6) 59.9(21.2) 69.0 (20.2)
Shuttle run test score 6.4 (2.8) 7.8(2.8) 8.1(3.1) 7.5(2.6)
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Figure 1 — Percentage of participants with a normotensive, pre-hypertensive or hypertensive blood pressure
at the 4 different measurement times.

The effect of the intervention on the SRT-scores are shown in Figure 2. Figure 2a pres-
ents the effect plot of average aged (8.5 years), male participants who were compliant to
the intervention. The horizontal axis denotes the time in weeks from baseline up to 52
weeks after intervention. Because of the varying waiting list period, the x-axis goes up
to 80 weeks. The y-axis presents the SRT-scores. The figure shows that from baseline up
to 30 weeks, which is equal to the mean waiting list period plus intervention period, the
SRT scores improved significantly. After these 30 weeks, the effect on SRT-scores diluted.
Since gender and compliance were non-significant confounders, the effect plot would look
identical for female participants who were not compliant to the intervention. An increase
in age significantly increased the SRT scores. Figure 2b presents the effect plots of ‘Young’
(5 years) participants and ‘Old’ (12 years) participants. The percentages of low fit, moder-
ately fit, and high fit participants at the four different measurement times are presented
in Figure 3. At the end of the study period, children who were member of a sports club
had a significantly higher srt-score than children who were not a member of a sports club.
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Figure 3 — Percentages of low fit, moderately fit, and high fit participants at the 4 different measurement times.
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DISCUSSION

Main findings

A multidisciplinary intervention program for overweight and obese children in socially
deprived areas has a significant positive effect on CRF. Furthermore, a non-significant
trend towards improved physical fitness was seen over the total follow-up period of 52
weeks. The level of fitness improved from 20% of children being low fit at baseline to
11% being low fit at 52 weeks after intervention. SBP percentiles did not change, while
DBP percentiles significantly increased up to 52 weeks after the intervention. Though,
SBP has a stronger association with risk of coronary heart disease and better predicts
coronary heart disease risks than DBP and therefore seems of less importance (16, 17).
Of all children, 82.2% had a normotensive blood pressure at baseline, while 77.5% were
normotensive 52 weeks after the start of the intervention. It is known that high blood
pressure during childhood predicts hypertension into adulthood, which is associated
with cardiovascular diseases. However, it remains unclear what the effects of childhood
hypertension are during childhood and adolescence.

It has been shown that children with high CRF have less central and total obesity (7),
and lower blood pressure levels (18). This is supported by the current study, where at
52 weeks after intervention, 22.2% of the low fit children was hypertensive, while of the
high fit children, only 8.7% was hypertensive (data not presented).

The effect of the Kids4Fit intervention on CRF is comparable to three previous stud-
jies (19, 20, 21). They found that physical fitness improved during an intervention for
overweight and obese children, but this effect was not maintained after the intervention.
Our study findings are similar to these three studies, which show that SRT-scores improve
during an intervention, but decrease after the intervention (19, 20, 21). Though, in the
current study, a non-significant trend towards improved physical fitness was seen over
the total follow-up period.

The results of our study with regard to blood pressures are in contrast with the
results from a review by Garcia-Hermoso et al., that showed that exercise interventions
for obese children significantly decrease both SBP and DBP (22). The duration of the
included interventions ranged between 8 and 24 weeks (median 12 weeks), with no
follow-up time after the intervention (22). This may well explain the difference between
our results and the results of Garcia-Hermoso et al., since our results show that it is ex-
actly in the period following the intervention that blood pressure percentiles increased,
after an initial decrease during the intervention period.

Hofsteenge et al. investigated the long term effects of a 3-month multidisciplinary
treatment for obese adolescents, including seven educational sessions on healthy di-
etary, sedentary and physical activity behavior (23). The intervention also included four
booster sessions at 6, 14, 26 and 36 weeks after the intervention(23). In contrast to
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our study, they found a significant reduction on both BMI-sds and SBP and DBP at 18
months, but only for obese adolescents from western descent and not from non-western
descent. This suggests that ethnicity may play a role in the change in blood pressure
levels of children and may also explain why we did not find a reduction on SBP and DBP
percentiles as 80% of the included children of the present study were from non-western
descent. Furthermore, the effect found by Hofsteenge et al. on blood pressure at 18
months (23) could partly be the result of the booster sessions provided after the inter-
vention. As mentioned before, our results show a decrease in blood pressure during the
intervention, however in the period after the intervention the blood pressure levels start
rising again. Booster sessions could have possibly played a role in preventing this rise
from happening.

We earlier showed that the intervention studied had a positive trend towards a lower
BMI-z at 52 weeks after the start of Kids4Fit, and a significant reduction in waist circum-
ference (4). These results, in combination with a significantly improved CRF immediately
after the intervention period, which is a stronger predictor for all-cause mortality than
BMI (5-7), and a positive effect on blood pressure during the intervention period, indicate
that a multidisciplinary intervention in deprived areas for overweight and obese children
has potential to improve different health outcomes. However, more attention should be
paid to maintain the effects of intervention programs right after the intervention and
throughout children’s life.

Providing booster sessions in the period following an intervention may be one op-
tion to maintain the positive effects of an intervention program. However, this may only
postpone the deterioration of health outcomes until after the booster sessions, when
the participants become completely dependent on their own decisions. Besides focusing
on improving intervention programs, it is also important to consider environmental fac-
tors that can either facilitate or hinder maintenance of health benefits of such interven-
tions. People have personal responsibilities for their health, but environmental factors,
such as increasing the accessibility to safe and secure playgrounds, and promoting the
consumption of healthy food, can affect the ability of people to make healthy choices
(24, 25). Therefore it could be argued that, in addition to the personal guidance as in
multidisciplinary intervention programs, it is especially the environmental factors that
should be tackled in order to maintain the health benefits of an intervention.

Strength and limitations

A strength of this study is that we made use of an existing intervention program in
deprived areas, and therefore did not intervene with existing health pathways. As a
consequence, we did not apply a randomized controlled trial design, but applied an ob-
servational study design. By using the waiting list period before the intervention, children
formed their own controls.
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The number of children included in our analyses was 129 at baseline, and 89 at follow
up. Since at follow-up only a small number of children was labeled as unfit, we lacked
power to test for statistical differences in blood pressure status between the unfit and
fit children. If our sample size would have been larger, the non-statistical trend that unfit
children have a higher blood pressure than fit children, which we saw in our data, may
have become statistically significant.

Children (and their parents) admitted to the Kids4Fit intervention had to be highly
motivated for the intervention program in order to be eligible to participate. As a conse-
quence, the results of this study are applicable to a selected group of children.

Conclusions

A local multidisciplinary intervention program for overweight and obese children in de-
prived areas had a significant positive effect on cardiorespiratory fitness, but this effect
diluted after the intervention. SBP and DBP percentiles improved during the intervention-
period. However, over the whole study period (i.e. waiting-, intervention-, and follow-up
period) , SBP percentiles did not change, while DBP percentiles slightly increased.
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ABSTRACT

Background

The aim of this study was to investigate the differences in objectively measured physical
activity and in self-reported physical activity between overweight and normal-weight
children.

Methods

Data from a prospective cohort study including children, presenting at the participat-
ing general practices in the south-west of the Netherlands, were used. Children (aged
4-15 years) were categorized as normal-weight or overweight using age- and sex specific
cut-off points. They wore an ActiGraph accelerometer for one week to register physical
activity, and filled out a diary for one week about physical activity.

Results

A total of 57 children were included in this study. Overweight children spent significantly
less percentage time per day in sedentary behavior ($-1.68 (95%Cl-3.129,-0.07)). There
were no significant differences in percentage time per day spent in light to moderate
physical activity (B 1.52 (-0.01, 3.04)), and in moderate to vigorous physical activity (B
0.33 (-0.11, 0.78)). No significant differences were found between children of normal-
weight and overweight in self-reported measures of physical activity.

Conclusions

Overweight children are not less physically active than normal-weight children, which
may be associated with the risen awareness towards overweight/obesity and with imple-
mented interventions for children with overweight/obesity.
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BACKGROUND

Childhood obesity is one of the most serious public health challenges of the 21 century,
according to the World Health Organization (1). It can, among other diseases, lead to pul-
monary complaints, diabetes, and cardiovascular diseases like hypertension (2). Besides
reducing sedentary time, and promoting a healthy diet, increasing physical activity is
another strategy to address childhood obesity. Therefore, to fight the childhood obesity
epidemic, and promote other health benefits, children are advised to be moderately to
vigorously physically active for at least 60 minutes each day (1).

Previous literature states that children with overweight and obesity are less physi-
cally active than children of normal-weight based on objective data of accelerometers
(3, 4). However, these studies are conducted over 10 years ago, while since then several
initiatives have been launched to reduce overweight and obesity. In the Netherlands (in
2010), the ‘covenant healthy weight’, promoting healthy lifestyle for children, was intro-
duced (5). The covenant healthy weight aimed to increase awareness on the health risks
of overweight and obesity, and consequently decrease the prevalence of overweight and
obesity in the Netherlands. Therefore, it is interesting to investigate whether children
with overweight and obesity in today’s society are as active, or even more active as their
normal-weight peers.

Physical activity and sedentary behavior can be measured objectively with acceler-
ometers or inclinometers, but the usage of diaries and questionnaires is also often used.
This way of data collection is subjective and the validity of self-reported physical activity
by children and parents is controversial (6). Moreover, it has been shown that parents
of children with overweight overestimate their child’s physical activity (7). Though, self-
reported questionnaires are a valid methodological approach to measure sedentary
behavior in adolescents (8).

The aim of this study is to describe potential differences between children with over-
weight and children of normal-weight in objectively measured and self-reported physical
(in)activity.

METHODS

Study Design

This study is a longitudinal cohort study with a follow-up of one week using a subsample
from the DOERAK study (9). The DOERAK study is a prospective cohort study including
733 children with a two-year follow-up, that studied differences between children with
and without overweight that consulted the general practitioner (GP) (10). The DOERAK
study was primarily designed to study differences between with- and without over-
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weight, in the number of consultations at the GP, the type of complaints, quality of life,
and levels of physical activity. The study has been approved by the Institutional Review
Board of the Erasmus University Medical Center, Erasmus MC (MEC-2010-092).

Participant selection for DOERAK database

Children aged 2-18 years, visiting one of the 71 participating GP practices located in vari-
ous socio-economic regions in the South-West of the Netherlands between December
2010 and April 2013 with any type of complaint were invited to participate in the study.
They, or their parents, had to have at least a basic understanding of the Dutch language.
Children with mental or physical disabilities, children with serious co-morbidities affect-
ing weight and children consulting their GP with emergency problems were not invited
to participate in the study. If children showed interest to participate in the study and
after verbal consent, height, weight and waist circumference of the child were measured
by the GP, and contact information of the parents was gathered. For assessing height
and weight, calibrated height and weight measures were used. Waist circumference
was measured midway between the lowest rib and the top of the iliac crest, at the end
of gentle expiration. Parents then received written study information and an informed
consent form (children aged 12 years and older also received an informed assent form).
The child was formally included in the study when the signed informed consent (and
signed informed assent form when needed) was received by the research team.

Subsample selection for current study

From the 733 included children in the DOERAK cohort, it was aimed to ask every fifth
child with overweight and fifteenth child of normal-weight aged 4-18 years to wear an
accelerometer for one week (ActiGraph, GT3X, Pensacola, Florida) to provide objective
information about sedentary time and physical activity (11). These 65 children were used
for the current study.

Data collection

After formal inclusion, the researcher sent a questionnaire to the GP to collect data on
the child’s age and sex, and the GP measured height, weight and waist circumference
during consultation. Parents of included children received a questionnaire to collect data
on demographics (i.e. socio-economic status, highest education in household, ethnicity,
marital status) of parents and child. Children aged 9 years and older received an online
diary which had to be filled out once each day in the same week the ActiGraph was
worn. For younger children (aged 4-9 years), parents were asked to fill out the diary. The
diary contained open questions on how many hours were spent on sleeping, watching
tv, playing sports, outdoor play, and using the computer. There was also room for com-
ments about taking off the ActiGraph during sports/showering. Children had to wear the
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ActiGraph at the waist at the right side of the body for seven days; five weekdays and two
weekend days. Epoch length was set at 10 seconds. The measurement started at 7am
and ended 8 days later at 7am. Children were instructed to take off the ActiGraph when
going to bed and with activities involving water. The first full seven days of recording
were used for the analysis. The child received the activity monitor the day before the
measurements started in order to become familiar with the device. The researcher or
research assistant who delivered the ActiGraph to the participants gave instructions to
children and their parents on how to wear the ActiGraph. Children and parents were
asked to put on the accelerometer as soon as the child woke up.

Measures

The GP questionnaire was used to extract child’s age and sex and from height and weight
measurements, BMI-z scores were calculated and weight status was determined using
the international age and sex specific cut-off points (12). Since only a small percentage of
the included children was obese (n=3), children with overweight (n=19) and obesity were
combined into one category called the ‘overweight’ category. Parent’s questionnaires
were used to extract information on baseline demographics. Socio-economic status (SES)
was based on net household income, and was dichotomized into ‘low SES’ (<2000 Euros/
month) and ‘middle/high SES’(>2000 Euros/month). Ethnicity (‘both parents born in the
Netherlands’ and ‘at least one parent not born in the Netherlands’), and marital status
(‘parents are together’” and ‘parents separated’) were also dichotomized. Parental educa-
tion was categorized into three levels: ‘up to lower level secondary education’, ‘higher
level secondary education” and ‘at least a bachelor diploma’.

The diary was used to extract data on the amount of hours per day spent on watching
TV, using the computer, outdoor play and playing sports. The outcome measures were
categorized into: O=not applicable, 1=30 minutes or less, 2=30 minutes- 1 hour, 3=1-2
hours, 4=2-4 hours, 5 >4 hours.

Data from the ActiGraphs were extracted using Actilife (v.5.4.0.0). Non-wearing time
was defined as a period of at least 20 minutes of consecutive zero counts (14). ActiGraph
data were considered valid when daily wearing time was at least 8 hours a day and if
there were at least 3 valid weekdays and 1 valid weekend day. Children who wore the
ActiGraph less than this predetermined amount of days were excluded from analyses
(n=6). For children with valid ActiGraph data, all valid weekdays and weekend days were
used in the analyses. The chosen cut-off points in counts per minute (cpm) for the various
activity levels were <100 cpm for sedentary behavior, <2220 cpm for light, <4136 cpm for
moderate and 24136 cpm for vigorous activity (15). The amount of time spent in each
level of activity per day, and the percentage of time spent in each activity level per day
(time spent per day in level of activity/total wear time of that day) were extracted from
Actilife (v5.4.0.0).
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The percentage of time spent per day in light and moderate activity were clustered
into ‘light to moderate physical activity’ (LMPA). Additionally, the percentage of time
spent per day in moderate and vigorous activity were clustered into ‘moderate to vigor-
ous physical activity’ (MVPA).

Sample size calculation

Based on the formula of Fleiss [34] with a two-sided significance level of 0.05 and a
power of 90% and the median result of 580 counts/min in a day from Riddoch et al [37],
50 participants in both the normal-weight- and the overweight group are needed to find
a difference of 10% between the groups (9, 16, 17).

Statistical analysis

Descriptive statistics were used to describe baseline demographics. Potential differences
between children of normal-weight and with overweight were tested using independent
t-tests.

In order to account for differences between children in total wear time of the Ac-
tiGraph per day, percentages of time spent in the different activity levels were used.
Potential differences in sedentary behavior and physical activity between children with
overweight and children of normal-weight were tested using linear mixed models. Effects
of mixed model analyses were expressed as the percentages of time spent in activity level
per day of children with overweight compared to children of normal-weight; expressed
as beta (B), with accompanying 95% confidence intervals (Cl). Generalized estimating
equations (GEE) were used to test for differences between children with overweight and
of normal-weight for self-reported time spent on watching TV, using the computer, play-
time outside and playing sports. To examine differences between percentage of children
with overweight and of normal-weight meeting the WHO guidelines of 60 minutes of
MVPA per day, GEE was used. Effects were expressed in B, with 95%Cl. All analyses were
adjusted for sex, age and ethnicity. The significance level was set at p<0.05.

RESULTS

General characteristics

Of the 65 children with ActiGraph data, six were excluded from the analyses due to invalid
wear time. Weight status was missing for two children because of missing height and/or
weight at baseline. Therefore, 57 children were included in the current study, of which the
characteristics are presented in Table 1. The average age of the participating children was
8.7 (3.2) years and 60% was female. Of the participating children, 24% had a family with
a low socio-economic status and in 19% of the children, at least one parent was born in
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another country than the Netherlands. In 19% of the families, the parents were separated
and in 15% of the families, the highest level of education from the parents was up to
lower secondary level. In families of the children with overweight, compared to children
of normal-weight, significantly more often one parent was born in another country.

Table 1 - Participant characteristics

Study population Normal-weight Overweight

N=57 N=35 N=22
Age, mean (SD), y 8.7 (2.5) 8.4(2.7) 9.1(2.2)
Sex: female, N (%) 34 (59.6) 20 (57.1) 14 (63.6)
Socio-economic status N(%) N(%) N(%)
Low (<2000) 12 (23.5) 8(25.0) 4(21.1)
Middle/High (>=20007) 39 (76.5) 24 (75) 15 (78.9)
Highest education in household N(%) N(%) N(%)
Low (up to lower secondary level) 8(15.1) 5(15.6) 3(14.3)
Middle (upper secondary level) 21(39.6) 10(31.3) 11 (52.4)
High (at least bachelor level) 24 (45.3) 17 (53.1) 7 (33.3)
Ethnicity N(%) N(%) N(%)
Both parents born in Netherlands 43(81.1) 28 (87.5) 15 (71.4)
At least one parent born in another country 10 (18.9) 4(12.5) 6 (28.6)
Marital status N(%) N(%) N(%)
Parents separated 11 (19.3) 8(25.0) 3(14.3)
Parents together 42 (73.7) 24 (75.0) 18 (85.7)
Time per day in sedentary behavior, mean (SD), 08:19:18 08:17:50 08:37:44
Hours:Minutes:Seconds (03:07:40) (03:07:38) (03:02:19)
Time per day in light activity, mean (SD), 03:43:10 03:38:10 03:48:38
Hours:Minutes:Seconds (00:55:07) (00:56:02) (00:53:53)
Time per day in moderate activity, mean (SD), 00:36:44 00:35:24 00:37:38
Hours:Minutes:Seconds (00:18:38) (00:19:21) (00:17:10)
Time per day in vigorous activity, mean (SD), 00:16:22 00:14:46 00:16:18
Hours:Minutes:Seconds (00:16:20) (00:14:01) (00:13:37)

Actigraph-data
On average, children had 4.7 valid weekdays and 1.9 valid weekend days on which they
wore the ActiGraph for at least 8 hours. The average total wear time per day was 12 hours,
51 minutes and 4 seconds (sd 02:48:24). Children with overweight spent significantly less
percentage time per day in sedentary behavior ($-1.68 (95%Cl-3.29,-0.07)). There were
no significant differences between children of normal-weight and overweight in percent-
age time per day spent in light activity (8 1.26 (-0.06, 2.59)), in LMPA (B 1.52 (-0.01, 3.04))
and in MVPA ($0.33(-0.11, 0.78)) (Table 2). No significant difference between children of
normal-weight and with overweight was found in percentage time per day spent.

The number of children meeting the WHO guidelines of at least 60 minutes of MVPA
per day based on objective measured data ranged per day from 24.1%- 39.3%. On average
per week, 27% of children of normal-weight and 37% of children with overweight met
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the WHO guidelines on physical activity, based on objectively measured data (APPENDIX
1). No significant difference was seen between the number of children of normal-weight
and with overweight meeting the WHO guidelines ($-0.56 (-1.18, 0.07)).

Table 2 - Results of the linear mixed model analyses on the influence of weight status on % of time spent per
day in each level of activity.

Beta 95% C.I. P-value
% time in sedentary
Normal-weight Ref
Overweight -1.68 -3.29--0.07 0.04*
% time in light activity
Normal-weight Ref
Overweight 1.26 -0.06-2.59 0.06
% time in light to moderate activity
Normal-weight Ref
Overweight 1.52 -0.01-3.04 0.05
% time in moderate to vigorous activity
Normal-weight Ref
Overweight 0.33 -0.11-0.78 0.14

All analyses were adjusted for sex, age and ethnicity. *p<0.05.

Self-reported physical activity

No differences were seen between children of normal-weight and children with over-
weight for self-reported time spent on watching TV, using the computer, playtime outside
and playing sports which was gathered from the diaries (Table 3).

Table 3 — The average time per week spent on different types of physical activity.

Study Population Normal-weight Overweight
(N=57) (N=35) (N=22)
Time spent watching TV
Not Applicable 14.3% 17.2% 10.3%
1/2 hour or less 22.2% 18.3% 26.5%
% -1 hour 26.0% 28.5% 23.9%
1-2 hours 26.7% 24.2% 30.8%
2-4 hours 9.5% 10.2% 7.7%
>4 hours 1.3% 1.6% 0.9%
Time spent on the computer
Not Applicable 44.5% 45.0% 46.6%
1/2 hour or less 24.5% 24.1% 19.8%
% - 1 hour 17.2% 16.8% 19.0%
1-2 hours 11.3% 11.0% 12.9%
2-4 hours 1.9% 2.1% 1.7%
>4 hours 0.6% 1.0% 0%
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Table 3 — The average time per week spent on different types of physical activity. (continued)

Study Population Normal-weight Overweight
(N=57) (N=35) (N=22)
Time spent on playing outside
Not Applicable 9.0% 9.3% 8.5%
1/2 hour or less 11.6% 8.3% 17.1%
% -1 hour 16.8% 18.7% 13.7%
1-2 hours 23.2% 26.4% 17.9%
2-4 hours 23.5% 24.4% 22.2%
>4 hours 15.8% 13.0% 20.5%
Time spent on playing sports
Not Applicable 60.9% 62.1% 58.8%
1/2 hour or less 5.9% 5.3% 7.0%
% -1 hour 12.8% 11.6% 14.9%
1-2 hours 15.8% 15.3% 16.7%
2-4 hours 3.0% 5.3% 1.8%
>4 hours 0.5% 0.5% 0.9%

DISCUSSION

Children with overweight spent less percentage time per day in sedentary behavior
(-1,68%)compared to children of normal-weight. The magnitude of this difference is
small, which is characterized by the following calculation: if a child of normal-weight
would spent 6 hours (=360 minutes) in sedentary behavior per day, a child with over-
weight would spend on average-1.68% * 360 = 6.05 minutes less in sedentary behavior
per day. Even though this difference is small, it indicates that children with overweight
are certainly not less physically active, than children of normal-weight. Furthermore, no
differences were seen in percentage time per day spent in light activity, LMPA and MVPA
between children of normal-weight and overweight. Self-reported data on physical activ-
ity, which was measured with a diary, also showed no differences in physical activity
between children of normal-weight and overweight. On average, 73.3% of children of
normal-weight and 63.2% of children with overweight, did not meet the WHO guidelines
on daily physical activity based on objectively measured data.

In contrast with the current study, others found that children with overweight are less
physically active than children of normal-weight, based on objective measurements (3,
4). The finding of the present study, i.e. children with overweight are not less physically
active than children of normal-weight may be associated with the risen awareness and
implemented interventions for children with overweight and obesity. In the Nether-
lands, the ‘covenant healthy weight’ has resulted, among other things, in special health
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programs at schools and after-school physical activity intervention programs (5). These
implementations and the improved awareness may have resulted in higher activity rates
in children with overweight. Though, it remains unclear whether these intervention
programs affected the physical activity rates of the children included in this study.

National data from the Netherlands, based on online- and paper questionnaires,
found that in 2015, 48% of Dutch children, aged 4-12 years met the WHO guideline on
physical activity (20). This number is slightly higher than the number found in the current
study (24.1% - 39.3%) which used objective measures (rather than questionnaires) to
measure physical activity. It could be suggested that questionnaires are less accurate
than objectively measured data, due to, among other things, recall bias. A study by Ver-
loigne et al. conducted in 2010 also used accelerometers to measure levels of physical
activity in 10-12 year old children (21). They found that 2.1% of the girls and 15.8% of
the boys in the Netherlands met the WHO guidelines on physical activity (21). These
numbers indicate that even though many interventions promoting physical activity in
children (with overweight) are present these days, the number of children meeting the
physical activity guideline are not sufficient yet.

There may also be other explanations for the fact that the children with overweight
of the current cohort are not less physically active than children of normal-weight. The
children with overweight in this cohort may be more focused on their weight and per-
haps already motivated to change their lifestyle, since they were willing to participate
in a study focused on overweight and obesity. The included children with overweight
may have started to increase their level of physical activity as soon as the study started.
Additionally, wearing an ActiGraph for a week is an intervention in itself, which could
have resulted in higher physically active children with overweight compared to their
normal-weight peers.

Strength and limitations
By assigning every fifth child with overweight and every fifteenth child of normal-weight
to the subsample used in the current study, we tried to minimize selection bias. The
subsample did not differ from the DOERAK cohort in basic demographics (10). However,
when we compare our subsample to the most recent numbers of the overall Dutch
population, parents from our cohort were more highly educated (45.3% vs 32%) (22).
Furthermore, it could be suggested that the parents and children participating in the
DOERAK study are more motivated to lose weight compared to the overall Dutch popula-
tion, since the DOERAK study is a study about overweight and obesity. Therefore, our
cohort might not be completely representative for all Dutch children, and it could have
led to an overestimation of physical activity levels in the Dutch population.

The size of our study sample was smaller than intended (9). The smaller sample size
may have introduced a power problem. We found a difference in time spent on physical
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activity, but a larger sample size, introducing more variation in the demographics, could
have had an impact on the effect we found in the current study. Therefore we believe
that our results should be handled with care and further research with larger sample
sized populations should be performed.

CONCLUSIONS

In our study, children with overweight are not less physically active than children of
normal-weight. However, the majority of both children of normal-weight and with over-
weight do not meet the guidelines of 60 minutes of MVPA per day. Therefore, promoting
physical activity in all children should remain an important topic for today’s society.

133



Chapter 7

REFERENCES

1.  World Health Organization. Childhood overweight and obesity: WHO; 2017 [Available from: http://
www.who.int/dietphysicalactivity/childhood/en/.

2. Daniels SR. Complications of obesity in children and adolescents. Int J Obes (Lond). 2009;33 Suppl
1:560-5.

3. Haerens L, Deforche B, Maes L, Cardon G, De Bourdeaudhuij |. Physical activity and endurance in
normal weight versus overweight boys and girls. J Sports Med Phys Fitness. 2007;47(3):344-50.

4. Dorsey KB, Herrin J, Krumholz HM. Patterns of moderate and vigorous physical activity in obese and
overweight compared with non-overweight children. Int J Pediatr Obes. 2011;6(2-2):e547-55.

5.  Jongeren op Gezond Gewicht. Convenant Gezond Gewicht 2010-2014 2010 [Available from: https://
extranet.who.int/nutrition/gina/sites/default/files/NLD%202010-2014%20Covenant%200n%20
healthy%20weight.pdf.

6. Adamo KB, Prince SA, Tricco AC, Connor-Gorber S, Tremblay M. A comparison of indirect versus direct
measures for assessing physical activity in the pediatric population: a systematic review. Int J Pediatr
Obes. 2009;4(1):2-27.

7. Small L, Bonds-McClain D, Gannon AM. Physical activity of young overweight and obese children: parent
reports of child activity level compared with objective measures. West J Nurs Res. 2013;35(5):638-54.

8.  Nascimento-Ferreira MV, Moraes ACF, Rendo Urteaga T, Oliveira PVT, Moreno LA, Barbosa Carvalho H.
Impact of methodological approaches in the agreement between subjective and objective methods for
assessing screen time and sedentary behavior in pediatric population: a systematic review. Nutr Hosp.
2019.

9.  Paulis WD, van Middelkoop M, Bueving H, Luijsterburg PA, van der Wouden JC, Koes BW. Determinants
of (sustained) overweight and complaints in children and adolescents in primary care: the DOERAK
cohort study design. BMC Fam Pract. 2012;13:70.

10.  van Leeuwen J, van Middelkoop M, Paulis WD, Bueving HJ, Bindels PJE, Koes BW. Overweight and
obese children do not consult their general practitioner more often than normal weight children for
musculoskeletal complaints during a 2-year follow-up. Arch Dis Child. 2018;103(2):149-54.

11.  De Vries SI, Van Hirtum HW, Bakker I, Hopman-Rock M, Hirasing RA, Van Mechelen W. Validity and
reproducibility of motion sensors in youth: a systematic update. Med Sci Sports Exerc. 2009;41(4):818-
27.

12.  Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition for child overweight and
obesity worldwide: international survey. Bmj. 2000;320(7244):1240-3.

13.  Cole TJ, Flegal KM, Nicholls D, Jackson AA. Body mass index cut offs to define thinness in children and
adolescents: international survey. Bmj. 2007;335(7612):194.

14.  Yildirim M, Verloigne M, de Bourdeaudhuij I, Androutsos O, Manios Y, Felso R, et al. Study protocol
of physical activity and sedentary behaviour measurement among schoolchildren by accelerometry--
cross-sectional survey as part of the ENERGY-project. BMC Public Health. 2011;11:182.

15.  Trost SG, Loprinzi PD, Moore R, Pfeiffer KA. Comparison of accelerometer cut points for predicting
activity intensity in youth. Med Sci Sports Exerc. 2011;43(7):1360-8.

16.  Fleiss J. Statistical Methods for Rates and Proportions. 2nd ed. New York: Wiley; 1981.

17.  Riddoch CJ, Mattocks C, Deere K, Saunders J, Kirkby J, Tilling K, et al. Objective measurement of levels
and patterns of physical activity. Arch Dis Child. 2007;92(11):963-9.

18.  Dyrstad SM, Hansen BH, Holme IM, Anderssen SA. Comparison of self-reported versus accelerometer-

134

measured physical activity. Med Sci Sports Exerc. 2014;46(1):99-106.



19.

20.

21.

22.

Physical activity in children

Ottevaere C, Huybrechts I, De Bourdeaudhuij |, Sjostrom M, Ruiz JR, Ortega FB, et al. Comparison of the
IPAQ-A and actigraph in relation to VO2max among European adolescents: the HELENA study. J Sci Med
Sport. 2011;14(4):317-24.

VeiligheidNL and CBS. Bewegen en Ongevallen: RIVM; 2015 [Available from: https://www.volksgezond-
heidenzorg.info/onderwerp/sport-en-bewegen/cijfers-context/huidige-situatie#node-beweeggedrag-
kinderen.

Verloigne M, Van Lippevelde W, Maes L, Yildirim M, Chinapaw M, Manios Y, et al. Levels of physi-
cal activity and sedentary time among 10- to 12-year-old boys and girls across 5 European countries
using accelerometers: an observational study within the ENERGY-project. Int J Behav Nutr Phys Act.
2012;9:34.

Centraal Bureau voor de Statistiek. Bevolking; onderwijsniveau; geslacht, leeftijd en migratieachter-
grond: CBS; 2017 [Available from: http://statline.cbs.nl/StatWeb/publication/?VW=T& DM=SLn|&PA=8
2275NED&LA=nI.

135



Chapter 7

APPENDIX 1 - The number of children meeting the WHO guidelines of 60 minutes MVPA per

day.
Day Weight status MVPA 2 60 minutes N %
Monday Normal-weight Yes 7 21.2
(2 missing) No 26 78.8
Overweight Yes 9 45.0
(2 missing) No 11 55.0
Tuesday Normal-weight Yes 8 25.0
(3 missing) No 24 75.0
Overweight Yes 8 38.1
(0 missing) No 13 61.9
Wednesday Normal-weight Yes 10 29.4
(1 missing) No 24 70.6
Overweight Yes 7 36.8
(3 missing) No 12 63.2
Thursday Normal-weight Yes 7 20.0
(0 missing) No 28 80.0
Overweight Yes 6 28.6
(1 missing) No 15 71.4
Friday Normal-weight Yes 11 31.4
(0 missing) No 24 68.6
Overweight Yes 5 23.8
(1 missing) No 16 76.2
Saturday Normal-weight Yes 11 33.3
(2 missing) No 22 66.7
Overweight Yes 9 42.9
(1 missing) No 12 57.1
Sunday Normal-weight Yes 9 26.5
(1 missing) No 25 73.5
Overweight Yes 8 42.1
(3 missing) No 11 57.9
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General discussion

Childhood overweight and-obesity are a public health problem and its prevalence has
increased worldwide over the past decades (1). Overweight and obesity are defined as
abnormal or excessive fat accumulation that presents a risk to health (1). The childhood
obesity prevalence has increased from 13.9% in 1999-2000 to 18.5% in 2015-2016, in the
United States (2). In the Netherlands, between 1981 and 2015 the obesity prevalence
fluctuated between 2.1% and 2.8%. However, the prevalence of overweight in children in
the Netherlands increased from 10.1% to 21.1% during this same time period (3).

Children with overweight and obesity have a high risk of developing diseases during
childhood and adulthood targeting almost every organ system (4, 5, 6, 7). For instance,
it has been shown that for each one-half unit increase in BMI-z score, there is a 50% in-
crease in the risk of metabolic syndrome for children with overweight (4). Furthermore,
the relative risk of hypertension in children associated with childhood overweight ranges
from 2.5t0 3.7 (4).

Since 2010 there is a Dutch clinical guideline on obesity for general practitioners in
the Netherlands, which states that the general practitioner should play a role in signaling
and treating obesity (8). To be able to do this, the general practitioner should recognize
overweight and obesity in children, and the general practitioner should be able to discuss
the weight status of a child during consultation, irrespective of the reason for encounter.
Furthermore, giving advice about the treatment of obesity and knowledge on reasons for
referral are other important roles of the general practitioner according to the guideline
(8).

The first part of this thesis aimed to study the accuracy of self-reported weight and
height, since these measures are needed to determine the weight status of a child. In
part two, the associations between weight status and bone mineral density, and between
weight status and the frequencies of musculoskeletal and respiratory consultations in
general practice were studied. Lastly, part three described the effects of a multidisciplinary
intervention program on cardiorespiratory fitness and blood pressure, and presented the
differences in (in)activity between children with overweight and normal-weight.

In the current chapter, the key findings of this thesis are presented and discussed in
comparison to other relevant studies. Finally, recommendations for clinical practice and
future research will be addressed.

Key findings

In part one of this thesis, Chapter 2, we showed that in the age group 2—8 years, parents
of children with underweight reported a significantly higher weight than the actual
measured weight, whereas parents of children with overweight reported a significantly
lower weight. In the age group 9—17 years, children with normal-weight- and-overweight
reported a significantly lower weight than measured weight. Of all children who were
classified as overweight by the GP (N=116), 17% was misclassified as normal-weight and
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4% as underweight when self-reported measurements were used. Therefore, it can be
concluded that general practitioners cannot fully rely on reported weight and height of
parents and children.

In part two of this thesis the associations between childhood overweight and medi-
cal consequences are described. By means of a meta-analysis, moderate and high quality
of evidence showed (Chapter 3) that children with overweight and-obesity have a sig-
nificantly higher bone mineral density compared to normal-weight children. In chapter
4, using the DOERAK database, we showed that children with overweight consulted
the general practice significantly more often during the 2-year follow up compared to
normal-weight children (mean 7.3 (5.7) vs 6.7 (5.4), odds ratio (OR) 1.09; 95%Cl 1.01-
1.18). However, no differences were seen in the number of children with overweight and
-normal-weight who consulted the general practice for a musculoskeletal complaint (OR
1.20; 95%Cl 0.86 — 1.68). Moreover, no differences between children with normal-weight
and children with overweight in the number of musculoskeletal consultations in general
and musculoskeletal consultations of the upper- and lower extremities during two-year
follow-up were found. In chapter 5 we studied the association between children’s weight
status in the age group 2-18 years and respiratory consultations at the general practice.
Overall, respiratory consultations were not more prevalent in children with underweight
compared to normal-weight children (OR 0.87; 95%Cl 0.64-1.10), and in children with
overweight compared to normal-weight children (OR 1.33; 95%Cl 0.99-1.77). Though,
children aged 12-18 years with overweight had significantly more respiratory consulta-
tions (mean 1.87 (3.06) vs. 0.93 (1.54), OR 2.14; 95%Cl 1.14-4.01), more asthma-like
consultations (mean 0.48 (1.50) vs 0.20 (1.00), OR 3.94; 95%Cl 1.20-12.88), and more
respiratory allergy-related consultations (mean 0.78 (1.68) vs 0.31 (1.05), OR 3.14; 95%Cl
1.25-7.86) than normal-weight children aged 12-18 years. However, in children aged 2-6,
and 6-12 years old, no associations were found between weight status and respiratory
complaints.

Part three of this thesis consists of two chapters that focused on physical activity
and the treatment of childhood obesity. In chapter 6, we demonstrated that a multi-
disciplinary intervention program for children with obesity in deprived areas resulted
in a significant positive effect on cardiorespiratory fitness, but this effect was diluted
one year after the intervention. Diastolic blood pressure percentiles were significantly
higher at 52 weeks after intervention ( 0.20; 95%Cl 0.08, 0.31). However, systolic blood
pressure percentiles did not differ 52 weeks after the intervention, compared to baseline
(B 0.08; 95%CI-0.06, 0.22). In chapter 7, a subsample (n=65) of the DOERAK database
of children aged 4-18 years who wore an ActiGraph for one week was used. We showed
that children with overweight spent significantly less time per day in sedentary behavior
(B-1.65; 95%Cl-3.12,-0.18), more time in light to moderate physical activity (f 1.48;
95%Cl 0.07, 2.89), and more time in moderate to vigorous physical activity than normal-
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weight children (B 0.45; 95%Cl 0.02, 0.87). We found no significant difference between
the number of normal-weight children and children with overweight meeting the WHO
guidelines of 60 minutes of moderate to vigorous physical activity each day. Self-reported
values of physical activity did not correlate well with objectively measured values.

Recognizing childhood overweight and obesity

This thesis showed that self-reported weight and height of children is not fully accurate,
which is in line with what previous studies have found (9). Children with overweight (and
their parents) underestimate their weight, and as a consequence, the general practitio-
ner cannot only rely on self-reported weight and height of children. Therefore, general
practitioners should measure the child him- or herself when the child visits the practice,
to prevent misclassification of weight status from happening. This is in agreement with
the Dutch clinical guideline on obesity, which recommends general practitioners to mea-
sure height and weight of each child they believe to be overweight or obese. However,
this entails that general practitioners are able to recognize overweight and obesity in
children. Unfortunately, research showed that although most general practitioners are
able to identify children at the end of the spectrum (i.e. underweight or obese), many
are not able to correctly identify the weight status of children who are at the category
margins (10). This means that many children who are only slightly overweight and who
do not bring up their weight for discussion themselves, will be missed by the general
practitioner. This would be a missed opportunity to discuss the weight of the child and
consequently give advice about a healthy lifestyle in order to prevent future obesity
and morbidity. Besides the fact that general practitioners are not able to recognize all
children with overweight, if recognized, general practitioners still find it difficult to start
the conversation about weight if this is not the complaint the child consulted the general
practitioner for (11). General practitioners seem to be reluctant to engage in weight-
related discussions. This is primarily due to expected negative responses from parents,
but also to a lack of time (11, 12, 13, 14).

One solution that may overcome the above described issues of not recognizing over-
weight and not starting the conversation about weight, is to improve the collaboration
and communication between the Youth Health Care (JGZ), primary schools and general
practices. In the Netherlands, the JGZ screens children on their health and development
(15). They physically examine each child regularly from birth up to the age of four, once
at the age of five and once at age eleven. During these examinations, children’s weight
and height are measured. The outcomes of these physical examinations are only issued
to parents and not to the general practice of the child. If a child is overweight or obese,
the JGZ has a treatment protocol which entails that the JGZ gives advice about a healthy
lifestyle and that the JGZ has two follow-up appointments with the child (16). If after
these advices, the child is still overweight or obese, the JGZ recommends the parents to
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contact the general practice regarding the results of the examination. However it is still
up to the parent to contact the general practice, and the question arises how often the
parents actually contact the general practice in these cases.

If a better collaboration between JGZ and general practice is established, abnormal
examination results and progress of children with overweight and obesity during follow-
up at the JGZ would be communicated directly with the general practice. This way the
general practitioner is aware of the weight problem and he or she can discuss the weight
status when the child is coming for a next visit to the general practice. The general prac-
titioner would also be up to date on the actions of the JGZ regarding the weight status,
and can evaluate these actions with the child during consultations.

One major limitation of the JGZ screening program is that there are no routine ex-
aminations between ages 5-11, while this is a vulnerable period for children to become
overweight or obese. It would be ideal if children of these ages were measured annu-
ally too so that children who are slightly overweight would be recognized, and general
practitioners would be able to observe trends, such as (rapidly) increasing BMI. Especially
since children with overweight who do not visit the general practice because they do
not experience health problems would otherwise be missed. However, since there are
934.593 children between ages 5-11, implementing this extended screening program
seems impossible due to the extra costs and extra workload that would be put both on
the JGZ and on general practices (17).

Therefore, other solutions to get a better grip on the group of children in this age-
range, in regards to recognizing overweight and obesity, have to be proposed. Formerly,
children aged 8 years were also included in the JGZ program for routine examination.
Since the Dutch government has recently become more active in fighting childhood obe-
sity (i.e. the National Prevention Agreement), perhaps it is a possibility to re-introduce
the measurement of 8 year old children (total of 188.580 children) by the JGZ screen-
ing program (17). However, the extra costs of this measurement could be a barrier for
implementation. Furthermore, primary schools could play a more pronounced role in
recognizing overweight and obesity during a children’s life, especially since teachers
see children from ages 4-11 almost daily. Not only could they recognize overweight and
obesity at an early stage, primary schools also play a role in teaching children about
healthy lifestyles. Thus, collaboration between general practice, JGZ and primary schools
to recognize and attack childhood overweight and obesity at an early stage is crucial.
With this collaboration, childhood overweight would be recognized at an earlier stage
and early intervention could be initiated when weight management efforts may be more
likely to be successful. All three parties can collectively play a role in trying to prevent
childhood obesity progress into adult obesity, and prevent childhood overweight to turn
into childhood obesity. However, the willingness of schools to have an additional signal-
ing role should be investigated.
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Other important parties in this collaboration are the government and townships.
They should initiate this collaboration by bringing all parties together and they should
be the leading party and make sure the collaboration is well organized. The government
should also take other actions to fight childhood obesity such as promoting healthy foods
and physical activity, creating healthy environments, etc.. The role of the government in
these actions will be discussed later on in this discussion. Health insurance companies
should also get involved in this collaboration, since prevention of childhood obesity is
also of interest for them, because in it the end it would lead to lower medical costs.

The above proposed collaboration between all these parties would be very useful to
attack childhood obesity, however some barriers are to overcome in order to implement
this collaboration. First of all, the government should make clear rules and regulations
about this collaboration so that everyone is involved. They should delegate that all
townships organize meetings with the local JGZ, general practices and schools to explain
and carry out this new collaboration. Moreover, the collaboration between all parties
cannot be established without better communication between JGZ, general practices
and schools. The development of one electronic medical record in which all information
from JGZ and general practice can be safely shared or a way to safely exchange data is
an important next step that should be facilitated by the government taking into account
legal barriers.

Musculoskeletal complaints

This thesis showed that children with overweight and obesity do not consult the general
practitioner more often for musculoskeletal complaints than children of normal-weight.
We also showed that there is no association between weight status and musculoskeletal
complaints of the lower- or upper extremities in particular. Our findings are not in line
with what was expected from previous studies, which showed that childhood overweight
and obesity was associated with musculoskeletal complaints, injuries and fractures (18,
19). Our finding, that we found no association between weight status and complaints
of the lower extremities, was also unexpected since several studies have found more
complaints of the lower extremities in children with overweight than in children of
normal-weight (18, 19, 20, 21). Moreover, some of the theories about why children with
overweight have more complaints of lower extremities are well substantiated. A few of
these proposed theories are 1) obesity changes the biomechanical alignment and func-
tion of the joints, 2) being overweight or obese puts a greater load on bones and joints,
and 3) changes in gait and balance are common in overweight and obese people (21, 22,
23, 24).

The discrepancy between previous literature and the findings in this thesis could
however be due to the fact that previous literature mainly based their findings on ques-
tionnaires in open populations, rather than from medical files (18, 20). It could therefore
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be suggested that the complaints reported in these questionnaires by children with
overweight and obesity are only temporarily present and/or not severe, or at least not
relevant enough, to consult the general practitioner. Another explanation may be that
children with overweight at the age of eight, which was the average age of the children
in our cohort, do not experience more musculoskeletal complaints (yet) than normal-
weight children. However, when we compared the older children with overweight to
older normal-weight children in our cohort, still no differences were found in musculo-
skeletal consultations. Though, the average age of the children included in the studies
that did find an association between being overweight and having musculoskeletal
complaints was higher (mean age 10.5-17.8 years) than our cohort (mean 8 years) (18,
20). Perhaps these children have been exposed to excess weight for a longer period of
time and therefore experience more musculoskeletal complaints.

We also found no association between weight status and complaints of the upper
extremities such as pain or injury of the shoulder or arm. A large study by Adams et al.
including 913.178 children aged 2-18, using data from medical files, found similar results
as us regarding the association between weight status and complaints of the upper
extremities (19). This may be explained by the fact that the joints in the upper extremi-
ties are not exposed to the extra load from the excess weight compared to the lower
extremities, and therefore are not more prone to injuries than normal-weight children.

One association that has frequently been shown to exist is the association between
obesity and osteoarthritis in adults (25). Moreover, it has already been shown that
children with morbid obesity show early signs of osteoarthritis (26). The children in our
cohort however, were younger than the children in the study by Widhalm et al. (26). It is
also known that injury risk in overweight, obese and extremely obese children increases
in a linear fashion (19). Moreover, a recent study by Kelly et al. about the association be-
tween BMI and primary health care use in childhood showed that children with obesity
had significantly higher rates of appointments at the general practice than normal-weight
children, while this difference was not found in children with overweight compared to
normal-weight children (27). The children in our cohort were not in the range of morbid
obesity (only 3% was obese), which may explain why no association was found between
overweight and musculoskeletal complaints in our cohort.

Although our study on musculoskeletal complaints in children with overweight and
obesity did not find an association between the two, the published literature does give
indication that there is an association (18, 19, 20, 21, 22, 23, 24). Based on published lit-
erature, general practitioners should be aware of the consequences of childhood obesity,
and more importantly, should make their young patients and their parents aware of the
potential consequences, even when they are not apparent yet.
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Respiratory complaints

Since the prevalence of both asthma and obesity have increased over the past decades,
researchers have increasingly investigated the (causal) relationship between these two
diseases (28). According to this thesis, children with overweight aged 12-18 years had
significantly more respiratory-, asthma-like, and respiratory allergy related consultations
than normal-weight peers. In children aged 2-6, and 6-12 years old, no association was
found between weight status and respiratory complaints. This may be explained by the
suggestion that the relationship between obesity and asthma might be dose-dependent,
since the children aged 12-18 years could have been exposed to obesity for a longer
period of time (29).

No conclusions could be drawn about the causal relationship between obesity
and asthma, since we did not have data starting at birth, and therefore did not know
which disease started first. There are, however, other convincing studies showing that
childhood obesity increases the risk of asthma (30, 31, 32, 33). Besides the finding that
obesity increases the risk of asthma, it has also been found that obesity is associated with
worse asthma-related health outcomes (34, 35). A large study in adults showed a 10%
increase in asthma prevalence per unit of increase in BMI in men, and a 7% increase in
prevalence per unit increase in BMIin women, which strengthens the suggestion that the
relationship between obesity and asthma is dose-dependent (29, 35).

A recent review including 21.130 children suggested that the association between
asthma and obesity may be inverse, meaning that asthma may lead to obesity (36). The
authors showed that children with physician-diagnosed asthma had a 66% higher risk of
incident obesity than those without asthma (36). The association between asthma and
obesity may be caused by different factors, such as biological and lifestyle factors. Some
hypothesized pathways underlying both asthma and obesity are systemic inflammation,
adipokine dysregulation and shared genetics (37). The association may also partially be
explained by lifestyle factors, i.e. asthmatic children have lower levels of physical activity
and less sleep than healthy children, both of which can lead to obesity (38). Further-
more, asthma medication use (inhalation corticosteroid) also increases the risk of obesity
(36). However, the association between asthma and obesity cannot be fully explained by
medication use only (36).

Regardless of whether asthma causes obesity, or obesity causes asthma, the two
often coexist. This has consequences for the treatment of asthma in children with
overweight and obesity, since it is known that children with overweight and obesity
require increased amounts of B-agonists and higher oral steroid use (39). Therefore,
weight reduction in children with overweight and obesity with asthma may improve
asthma related symptoms and may improve response to medication. A Cochrane review
including a total of 197 adults showed that weight loss may be beneficial for improving
asthma control in adults with overweight and obesity. However, all included studies were
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of high risk of bias (40). Another review found that all 15 included studies showed an
improvement of at least one asthma outcome variable after weight loss in adults (41).
Though research in children on the effects of weight loss on asthma symptoms is limited,
a small randomized controlled trial by Jensen et al. including 28 children showed that
weight loss in children with obese improved the static lung function and asthma control
(42). Moreover, a recently published cohort study including 507.496 children that com-
pared asthma incidence among children with overweight and obesity found that 10% of
clinically diagnosed asthma among all children in the population could be prevented with
weight reduction (43).

Even though the evidence is still limited, it does suggest that weight loss leads to
improved asthma symptoms and decreased exacerbations in children- and adults with
overweight, and can even decrease asthma incidence in children. Therefore, more re-
search should be done to provide stronger evidence on the effectiveness of weight loss
on asthma symptoms in children and adults. Though, with this limited evidence, the GP
can already discuss weight loss when a child with overweight or obesity with asthma
consults him or her, not only to improve asthma, but also for general health reasons. Up
to now, no guidelines are available on how to integrate weight loss into asthma treat-
ment. If future research confirms that weight loss is an effective intervention to improve
asthma symptoms and reduce the need for asthma medication and may improve the
response to medication, weight loss should be implemented as part of the treatment of
asthma in asthma guidelines, both for children and adults. By doing so, patients will be
treated as a whole and better health outcomes may be reached.

Treatment

Obesity is a complex disease. Some predisposing factors for obesity are genetics, prenatal
factors (such as an overweight mother during pregnancy), parent feeding behaviors (i.e.
restriction, food prompting and pressuring), increased sedentary behavior, decreased
physical activity, increased caloric sweeteners (i.e. sweetened beverages, snacks), de-
creased child nighttime sleep duration, increased parent BMI, and chronic stress (44, 45,
46, 47). Since obesity is such a complex disease, the Dutch clinical guideline on obesity
states that multidisciplinary intervention programs are the first choice of treatment for
obesity (8).

The health outcomes of the intervention program Kids4Fit presented in chapter 6
in this thesis showed that during the intervention period beneficial health effects are
reached, such as better cardiorespiratory fitness. However, one year after the interven-
tion, the positive effects of the program have diluted. Three Cochrane reviews have inves-
tigated the effect of diet, physical activity and behavioral interventions for the treatment
of overweight or obesity in children up to 6 years of age, children aged 6 to 12 years and
adolescents aged 12 to 17 years (48, 49, 50). These reviews found that multidisciplinary
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intervention programs may be beneficial for children with overweight and obesity in
all age categories, but the evidence is mostly of low quality due to limited confidence
on how the studies were performed, inconsistent results between studies, and the low
number of included children in some studies (48, 49, 50). Furthermore, long-term follow-
up after the interventions was rarely performed, while it is known that maintenance
of weight-loss after an intervention is the main challenge. Therefore, it is important to
investigate which maintenance interventions are successful for long-term weight loss. A
review on maintenance interventions in children with overweight or obesity by van der
Heijden et al. showed a favorable effect of maintenance interventions with stable BMI-z
scores in the maintenance intervention patients, compared to a slight increase in BMI-z
scores in control patients (51). They also showed that ‘face-to-face’ interventions were
more effective than ‘on distance’ interventions, and that continuous motivation was the
strongest predictor for weight maintenance (51). Though, these conclusions should be
handled with care, since the studies included in this review had considerable clinical and
methodological heterogeneity, with limitations in the quality of the studies such as small
sample sizes and risk of bias (51). Another study in children with obesity found a positive
effect of motivational interviewing on BMI and on obesity-related behavior outcomes
(52). Therefore, to maintain long-term weight loss, booster sessions with face-to-face
contact and motivational interviewing should play a role in multidisciplinary intervention
programs for children with overweight and obesity. However, since the literature for this
group of patients is still scarce and mainly of low quality, further research should focus
on the most appropriate forms of post-intervention maintenance in order to ensure
intervention benefits are sustained over the longer term.

Since multidisciplinary intervention programs are the preferred non-invasive treat-
ment for obesity, and the obesity prevalence is still rising, the minister of medical care
and the state secretary of public health of the Netherlands announced that certified
multidisciplinary intervention programs will be included in the basic health insurance
package of adults from January 2019 (53). This means that adults with obesity can be
referred to intervention programs by the general practice, and the health insurance cov-
ers the costs. This decision to include intervention programs for adults with obesity in
the basic health insurance package is a step in the right direction to attack the obesity
epidemic. However, this policy change only affects obese adults, but should also be
introduced for children. Furthermore, since it is known that childhood obesity increases
the risk of staying obese in adulthood, and since prevention is better than cure, the focus
should be on preventing obesity in children in the first place (1).

Prevention

We live in an obesogenic environment that promotes unhealthy eating habits and un-
healthy lifestyle and by doing so, this contributes to the development of overweight and
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obesity in children and adults. An important point of discussion is who takes responsibil-
ity for the increase and treatment of obesity. Is it the individual consumer who decides
what lifestyle to adapt, or is it the general practice, the food industry or the government
who should take responsibility? In my opinion, since obesity is so complex, many dif-
ferent disciplines need to work together to prevent the obesity epidemic to rise even
further and this is not something the general practitioner can solve by him- or herself.
| believe the food industry and the government should take further actions to fight the
obesity epidemic, just like the concerted actions that are initiated to curb the smoking
prevalence especially among adolescents (i.e. increasing the price of cigarettes, making
smoking prohibited in most public places, etc.) and alcohol consumption (i.e. increasing
the legal drinking age to 18). Recently, in November 2018, the Dutch government and
secretary of state presented a ‘National Prevention Agreement’ which focuses on reduc-
ing smoking, alcohol consumption and overweight prevalence (54). The three pillars for
reducing overweight are: 1) promoting healthy foods, 2) increasing physical activity, and
3) improving a healthy environment and healthcare (54). These pillars will be further
discussed and referred to below.

Promoting healthy foods

The food industry is responsible for commercials about sugary beverages, snacks and
sweets. In the US, children view 15 television food advertisements per day on average,
and 98% of these commercials viewed by children aged 2-11 years promote products
high in fat, sugar and/or sodium (55). In these commercials, positive emotions are often
evoked by making an association with sports, and by associating food with fun and good
times, and being hip or cool (56). Research has shown that there is a direct causal link
between food advertising and greater snack consumption and that over-consumption of
sugar is a major contributor to obesity (57, 58). Not only commercials, but also the abun-
dance of sugary snacks offered at the cash registry of every supermarket and gas station
seduce people to buy unhealthy food. Research showed that by reducing unhealthy food
advertisement exposure of children to zero, 14%-33% of children with obesity in the USA
might not have been obese (59). The Dutch government is in the position to make rules
and regulations about food advertisement, such as putting restrictions on the amount
and type of commercials during children’s television programs. Even though the National
Prevention Agreement does not make a statement on restrictions on the amount and
type of commercials during children’s television programs, it does state that the use of
licensed media characters aimed at children under the age of 13 must be limited (54).
It also states that during sport events, no food commercials should be aimed at children
under the age of 13, unless they are about healthy foods. These new rules seem to be
small steps to the right direction to attack childhood obesity, although rules and regula-
tions on TV-advertisement are lagging behind.
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Besides the excessive advertising of unhealthy foods, the healthy food choices are
often more expensive than the unhealthy foods, making it more expensive for people to
eat healthy (60). Moreover, in the Netherlands the price for unhealthy food (ice cream,
sugar, candy) have dropped the past year, while the prices of healthy products (milk,
eggs, fruit, nuts) have increased (61). The WHO has composed fiscal policies for diet
and the prevention of non-communicable diseases and it proposes that “as appropri-
ate to national context, countries consider the use of economic tools that are justified
by evidence, and may include taxes and subsidies, to improve access to healthy dietary
choices and create incentives for behaviors associated with improved health outcomes
and discourage the consumption of less healthy options” (62). It has been shown that
putting a tax on sugary drinks that increases prices by 20% can lead to a reduction in
consumption by 20%, thus preventing obesity (63). Furthermore, in the UK, the USA
and New Zealand, fruits and vegetable subsidies that reduces prices by 10-30% are ef-
fective in increasing fruit and vegetable consumption (62, 64). It seems logical to think
that these measures would also be effective in The Netherlands. However, rather than
providing subsidies on fruit and vegetables, the cabinet decided to increase the tax rate
on these products from 6% to 9% in 2019 (65). On the other hand, much attention in the
National Prevention Agreement has been given to promote healthy diets. It states that,
among other things, consumers must be tempted to buy healthy foods, employers in
supermarkets will be educated on healthy eating to better advice their customers who
have questions regarding healthy foods, and sports clubs and hospitals must provide
healthier foods (54). However, based on what has been shown in previous research, it
may have been more effective if the government introduced tax on sugary drinks and
other products high in fat and sugar, and subsidies on fruits and vegetables (62, 63, 64).

Besides the role of the government, other parties should take part in promoting
healthy foods as well. First off, schools are in a great position to teach children about
healthy foods and drinks. An example of schools where this is already successfully carried
out are the ‘Lekker Fit" schools in Rotterdam (66). At these schools a healthy lifestyle is
promoted by, for instance, having children engage in physical activity three set times
during the school day, and by stimulating the children to eat healthy treats and to drink
water (66). General practices are also in the position to give advices about healthy foods
to children and parents. Physician assistants working in general practices can educate
children with overweight and their parents on healthy foods. Another possibility is to
include a dietician in the general practice who is easily accessible for children with over-
weight or obesity and their parents. This would especially be beneficial in areas where
obesity is more prevalent. Furthermore, multidisciplinary intervention programs to treat
childhood obesity, such as Kids4Fit which was discussed in chapter 6 of this thesis, should
involve a dietician to educate children and their parents about a healthy diet.
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Physical activity

The second pillar in the National Prevention Agreement is the increase of physical activ-
ity. Besides the changes in the food industry over the past years, there has also been
a change in the lifestyle of people. Children (and adults) are more sedentary, screen
time has increased and time spent on physical activity has decreased (67, 68). Research
conducted in 2007-2012, showed that children spent on average about 2,2-2,5 hours per
day on screen time (67, 69, 70, 71). Of children aged 4-11 years, 55.5%, and only 31%
of children aged 12-17 years, meet the guideline of 60 minutes of moderate to vigorous
physical activity (MVPA) per day (72). In line with that, Chapter 7 of this thesis investi-
gated the physical activity behavior in children with normal-weight and-overweight and
studied if children met the WHO guidelines of 60 minutes of MVPA per day (1). The find-
ings of that study showed that there is no difference in level of physical activity between
children with normal-weight and children with overweight, and of the normal-weight
children, only 20% - 33% met the MVPA guidelines and for children with overweight
this ranged from 24% - 45%. Because of the increased inactivity in children, children
are not developing motor coordination, or motor competence. It is known that motor
competence is positively associated with physical activity, cardiorespiratory endurance,
and perceived motor competence, while it is inversely correlated with weight status (73,
74,75). Furthermore, motor competence is an important predictor for physical activity in
childhood and adolescence, and it is a step toward lifelong commitment to physical activ-
ity (76). Since motor competence is inversely associated with weight status and positively
associated with health related fitness and a lifelong commitment to physical activity, it is
important that children at a young age are already put in the position to develop these
movement skills (74).

Both screen time and physical (in)activity are modifiable behaviors that may be
tackled in childhood obesity prevention efforts. Similar as with promoting healthy foods,
increasing physical activity and teaching about the importance of physical activity can
also be carried out by many different parties, such as schools, general practices and the
JGZ. These different parties should be adequately informed about the importance of
physical activity at a young age, so that they can better educate parents and children
about this. Educating parents and children about the importance of physical activity
would then hopefully lead to better involvement in physical activity. A great example of
where physical activity is integrated in daily school life is Finland. After every 45 minutes
of class time, children get 15 minutes of playtime outside (77). In comparison to other
European countries the Finnish children spend the least time in class, and have the least
amount of homework, and they still are at the top of the Programme for International
Student Assessment (PISA) list each year (77, 78). Therefore, primary schools in the
Netherlands should spend more time on physical activity as well. In The Netherlands,
there is a guideline on movement education for primary schools (79). Even though there
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is no lawful norm on the amount of time that has to be spent on movement education by
schools, the guideline does state that children in primary schools are advised to get 2 x 45
minutes of movement education per week (79). The previous cabinet in the Netherlands
even stated that there should be at least 3 hours per week of movement education in
primary schools. However, according to a recent report (2017) by the Mulier Institute for
sport research, children in primary schools are only physically active for 89 minutes per
week (80). Thus, to increase levels of physical activity, to improve motor competence, and
to improve weight status, primary schools should be imposed to meet the requirement
of (at least) 3 hours of physical activity per week. The National Prevention Agreement
makes a few statements on how to increase levels of physical activity in children and
adults: 1) sport providers will be locally supported to offer sports which are more suitable
for inactive children and adults, and to make sure that attending these sports leads to
structural physical activity; 2) it will be stimulated to bike to school and work; 3) extra
attention will be given on how to improve the development of motor skills in children
and extra attention will be given to children with motor development problems (54). If
these three measures are executed, the levels of physical activity throughout the Dutch
population will hopefully increase.

Role of parents in stimulating physical activity

Parents are essential in determining the amount of screen time and physical activity
of their children. Parents are the ones that can put restrictions on the amount of time
children spend on their tablet, phones, and watching television. Moreover, reducing
parents’ own screen time can lead to a decreased child screen time (81). It has also been
found that children whose parents encourage and support their child’s physical activity
are more likely to have higher levels of physical activity. Also parents’ physical activity
was positively associated with children’s’ levels of physical activity (81). This highlights
the importance of involving parents in multidisciplinary intervention programs, as has
been done in the Kids4Fit intervention (Chapter 6). Educating (future) parents in the role
they play in their children’s activity life as stated above should be emphasized during
interventions. The JGZ and the general practices can also play a role in giving information
to parents about physical activity during consultations of children with overweight or
obesity.

Improving healthy environment

Lastly, pillar three of the National Prevention Agreement is about creating healthy
schools, and a healthy environment and healthcare (54). It states that in 2020, 25%
of all schools should be a ‘healthy school’, which entails extra education on obesity,
having a healthy environment, healthy food choices etc. They also state that schools
should have a healthy playground at school, and that children daycares should have a
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pedagogical professional who is trained in nutrition, physical activity, playtime outside
and socio-emotional development of children. Healthy townships and districts are also
promoted in the National Prevention Agreement, especially since the environment has
a strong influence on the behavior and health of children and adults (54). It has been
shown that low levels of green space, no access to a garden and no access to a run-down
area are associated with childhood overweight and obesity (82). Furthermore, poor
neighborhood conditions increased the probability of overweight or obesity significantly
(82). Therefore, improving these conditions are crucial in the fight of obesity and the
government should play a central role in this.

| believe that all the actions described in the National Prevention Agreement on
promoting healthy food, increasing physical activity, and improving healthy schools and
a healthy environment would lead to a more healthy lifestyle of parents and children
now, and in the future and would lead to a decrease of the obesity prevalence. (54).
However, many different parties are involved in taking these actions which makes it very
complex. Moreover, implementing all these actions throughout the country will cost a
lot of money and will take a lot of time. Therefore, whether the National Prevention
Agreement will indeed deliver positive results on lifestyle changes is still to be expected.

Implications for the general practice

The role for the general practitioner in the signaling and treatment of obesity has been
stated in the clinical guideline on obesity, but is now mainly demand-driven. This makes it
hard since there are only 4.6, 2.9 and 2.7 consultation per year at the general practitioner
for children aged 0-4, 4-12, and 12-16 years respectively (83, 84). Only this small amount
of children who visit the general practice for any type of complaint are exposed to the
possibility that the general practitioner brings up their weight (8). Moreover, it is even
questionable how many general practitioners bring up weight problems during consulta-
tions, since it has been shown that only 53.8% of the general practitioners agreed that
they should discuss weight, even if the obese patient has another reason for the consul-
tation (14). It has also been found that weight problems were less frequently discussed
by younger general practitioners (14). Therefore, (future) general practitioners should
be educated on different communication techniques and ways to start the conversation
about weight.

With the previously mentioned collaboration between general practices, JGZ and
schools, general practices would be better aware of which children in their practice
are overweight or obese which would make it easier to reach out to these children and
discuss their weight status during consultations. General practices can, together with the
JGZ and schools, discuss topics like diet, screen-time, and physical activity, which are all
mentioned in the obesity guideline. General practices can also refer to a dietician to help
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the child and parent with a healthy diet, or they can include a dietician in their general
practice to make it easier to access.

If a child already has an obese weight status, the general practice can refer to a mul-
tidisciplinary intervention program such as Kids4Fit. It is important for general practices
to be aware of the available intervention programs in their area, so it is easier to refer
the children with obesity. The general practitioner or physician assistant should stay
in contact with the children with obesity and their parents during the intervention to
check the progress every 3 months, as stated in the obesity guideline (8). It would also
be recommended to follow-up the child after the intervention, so that children do not
regain their weight.

Lastly, from this thesis we know that children with overweight and obesity consult the
general practice more often in general and more for respiratory symptoms. From other
literature we know that obesity is associated with comorbidities in every organ system.
Therefore, if a child with overweight or obesity consults the general practice, the general
practitioner should approach the child as a whole, rather than just the one complaint,
and make both the child and parents aware of the different health consequences associ-
ated with overweight and obesity.

It is, however, important to keep in mind that the general practitioner cannot stop
the childhood obesity epidemic in their consultations rooms (85). Schools, families, and
especially the government should take their combined responsibilities in fighting the
obesity epidemic. All disciplines should work together to aim for the best results.

Future research

There are some important suggestions for future research as a results of the studies
presented in this thesis. To begin with it would be interesting to investigate the barri-
ers and facilitators of a collaboration between the JGZ, schools and general practices.
Hereafter, a pilot study could research the effects of such a collaboration on overweight
and obesity prevalence. If this collaboration proves to be successful, it should be imple-
mented throughout the country.

Furthermore, more research should be done to investigate how to improve the role
of the general practice in the obesity epidemic, especially since the majority (83%) of
the general practitioners in the Netherlands agreed that weight management of their
patients is part of their responsibility (14). Wageningen University has performed a
pilot study on a minimal intervention strategy (MIS) to treat adults with overweight and
obesity in the general practice (86). It is a hands-on method, with flowcharts describing
different steps in the treatment process, which helps the general practitioner to find out
if the patient is motivated, and it helps the general practitioner to set up a treatment
plan and to evaluate the progress (86). Both the general practitioners and the patients
who worked with the MIS were enthusiastic about the method. It would be interesting to
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perform a similar pilot study on a MIS for the treatment of children with overweight or
obesity. The MIS could also involve the role of a physician assistant and of a dietician in
the general practice, so that there is a multidisciplinary approach.

To get a better understanding of the effects of childhood overweight or obesity on
physical (and mental) complaints in general practice, general practitioners should be
more consequent in reporting weight status in the medical files. By improving this report-
ing, future research can better investigate the effects of overweight and obesity, but
also of weight loss, on different health outcomes such as musculoskeletal complaints in
children with overweight and obesity of all ages. Furthermore, more research should be
done to investigate the effects of weight loss on asthma, in order to optimize the treat-
ment for children with overweight and obesity with asthma. If weight loss in children
with overweight and obesity proves to be effective in reducing asthma symptoms, weight
loss strategies can be added to the clinical guideline on asthma in children.

The long-term effects of multidisciplinary intervention programs on the health out-
comes of children should be further investigated, since as of today, mainly the short
term effects are studied. It is however, interesting and important to know what happens
with the health outcomes after the intervention is completed. Furthermore, it would
be helpful to investigate which measures (i.e. booster sessions) would be effective to
maintain the health effects of intervention programs for children with overweight and
obesity after the intervention has finished.

Lastly, it will be very important to see what the effects of the National Prevention
Agreement will be throughout the next few years on the incidence and severity of over-
weight and obesity rates in the Netherlands. It does seem like a good start has been
made, although | wonder whether the plans are effective enough.
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SUMMARY

The aim of this thesis was to describe: 1) the accuracy of self-reported weight and height
of children at the general practitioner; 2) the associations between childhood weight
status and its medical consequences such as the frequency of musculoskeletal and
respiratory consultations at the general practitioner; 3) the effect of a multidisciplinary
intervention program for children with obesity on different health outcomes; 4) the
physical activity behavior of normal-weight children and children with overweight.

PART I:

In chapter 2, the aim was to investigate the differences between self-reported weight and
-height, and measured weight and-height for children with underweight,-normal-weight
and-overweight in a general practice setting. Data from the DOERAK database was used
to investigate these differences. The DOERAK database was set up to investigate poten-
tial differences between normal-weight children and children with overweight in general
practice and consisted of 733 children aged 2-18 years. Means of reported and measured
weight and height were compared using the paired T-test. Of the 715 included children,
17.5% were defined as underweight, 63.2% as normal-weight and 19.3% as overweight
according to measured weight and height. In the age group 2-8 years, parents of children
with underweight reported a significantly higher weight than measured weight (mean
difference (MD) 0.32kg; 95%Cl 0.02, 0.62), while parents of children with overweight
reported a significantly lower weight (MD-1.08kg; 95%CI-1.77,-0.39). In the age group
9-17 years, normal-weight children (MD-0.51kg; 95%CI-0.79 ,-0.23) and children with
overweight (MD-1.28kg; 95%Cl-2.08,-0.47) reported a significantly lower weight than
measured weight. Therefore, general practitioners cannot rely on self-reported weight
and height measures from children and their parents, and should measure children
themselves to prevent any misclassification of weight status from happening.

PART II:

The review in chapter 3 examined the differences in bone mineral density (BMD)
between children of normal-weight and children with overweight or obesity. Medline
(OVID), Embase, Cochrane, Web of Science (WoS), Cinahl ebsco, Pubmed publisher and
Google scholar were systematically reviewed for articles providing data on differences in
BMD between children with normal-weight and-overweight and/or children with normal-
weight and-obesity. Twenty-seven studies, with a total of 5958 children, were included.
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There was moderate and high quality of evidence that children with overweight (MD 213
grams; 95%Cl 166, 261) and children with obesity (MD 329 grams; 95%Cl 229, 430) have
a significantly higher whole body bone mineral content than normal-weight children.
Similar results were found for whole body bone mineral density. Sensitivity analysis
showed the association was stronger in girls. In conclusion, children with overweight and
-obesity have a higher BMD than normal-weight children, however since only one study
with a longitudinal design was included in this review, the long-term impact of childhood
overweight and obesity on bone health at adulthood remains unclear.

Chapter 4 studied the association between weight status and the frequency and type
of musculoskeletal consultations at the general practice during a two-year follow up.
Similar to chapter 2, data from the DOERAK database were used. Poisson regression and
logistic regression analyses were applied to test whether weight status was associated
with the presence, the frequency and type of musculoskeletal consultations at the gen-
eral practice. Multivariable analysis was used to test for different predictors for musculo-
skeletal consultations during the two-year follow up. Children with overweight consulted
the general practitioner in general significantly more frequent during the 2-year follow
up than normal-weight children (mean 7.3 (5.7) vs 6.7 (5.4), odds ratio (OR) 1.09; 95%ClI
1.01-1.18). No significant difference was seen in the number of normal-weight children
compared to children with overweight consulting their general practitioner for musculo-
skeletal complaints (OR 1.20; 95%Cl 0.86 — 1.68). Additionally, no significant difference
between normal-weight children and children with overweight was seen for the number
of consultations for further specified musculoskeletal disorders. Thus, children with
overweight do consult the general practitioner more often than normal-weight children,
but not for musculoskeletal complaints.

In chapter 5 the associations between weight status and the frequency and type of
respiratory consultations were investigated. Data from the DOERAK database was used.
Logistic regression analyses and negative binominal regression analyses were applied to
test the associations between weight status and the presence, the frequency and the
type of respiratory consultations during a two year follow-up. Respiratory consultations
were not more prevalent in children aged 2-18 years with underweight compared to
normal-weight children aged 2-18 (OR 0.87; 95%Cl 0.64-1.10). Respiratory consultations
were also not more prevalent in children aged 2-18 years with overweight compared to
normal-weight children (OR 1.33; 95%Cl 0.99-1.77). Though, children with overweight
aged 12-18 years had significantly more respiratory consultations at the general practice
than normal-weight children aged 12-18 years (OR 2.14; 95%Cl 1.14-4.01). Children with
overweight aged 12-18 year also had more asthma-like consultations (OR 3.94; 95%Cl
1.20-12.88), and more respiratory allergy related consultations (OR 3.14; 95%Cl 1.25-
7.86) than normal-weight children aged 12-18 years. In younger children, no associations
were found between weight status and respiratory consultations. Thus, children with
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overweight aged 12-18 years consult the general practitioner more often for respiratory
consultations, asthma-like consultations and respiratory allergy related consultation than
their normal-weight peers.

PART IlI:

In chapter 6, a study is presented that aimed to investigate the effects of a multidis-
ciplinary intervention program, for children with obesity in socially deprived areas, on
blood pressure and cardiorespiratory fitness.

Children with obesity who signed-up for the 12-week intervention program ‘Kids4Fit’
were eligible to participate in this study. After signing-up for Kids4Fit, children were
placed on a waiting list, which was used as a control period, until there was a group
of 8-12 children signed-up to start the intervention. Cardiorespiratory fitness was as-
sessed by using the shuttle-run-test (SRT). Blood pressure measurements and SRT were
performed at baseline, at the start of the intervention, at the end of intervention and
at 52 weeks after the start of the intervention. The effect of Kids4Fit on blood pressure
and on SRT scores were analyzed using mixed models and effectplots. A total of 154
children were included with a mean age of 8.5 years (standard deviation 1.8). Effect plots
showed an initial significant increase of the SRT-scores but this effect diluted after the
intervention. No significant change was seen in systolic blood pressure percentiles at 52
weeks after start of the Kids4Fit intervention (B 0.08; 95%CI-0.06, 0.22). Diastolic blood
pressure percentiles increased significantly over time (B 0.20; 95%Cl 0.08, 0.31). Thus, a
local multidisciplinary intervention program improves cardiorespiratory fitness, but the
positive health effects of the intervention dilute after the intervention.

Chapter 7 examined the levels of physical activity in normal-weight children and
children with overweight, and the accuracy of self-reported physical activity compared
to objectively measured physical activity. This study used data from the DOERAK data-
base, in which a subgroup (n=65) of the participants wore an ActiGraph for one week
to objectively measure physical activity. During the same week, participants filled out a
diary on physical activity. Linear mixed models and GEE were used to test for differences
in objectively measured physical activity between children with normal-weight and-over-
weight. Generalized estimating equations (GEE) were applied to test for differences be-
tween children with normal-weight and-overweight for reported time spent on watching
TV, using the computer, playtime outside and playing sports. Children with overweight
spent significantly less percentage time per day in sedentary behavior (f-1.65; 95%Cl
-3.12,-0.18), significantly more percentage time in light to moderate physical activity (B
1.48; 95%Cl 0.07, 2.89), and significantly more percentage time in moderate to vigorous
physical activity (B 0.45; 95%Cl 0.02, 0.87) than normal-weight children. No significant
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differences were seen between normal-weight children and children with overweight
for reported time spent on watching TV, using the computer, playtime outside and
playing sports. Self-reported values of physical activity do not correlate well with objec-
tively measured values. Thus, children with overweight are not less physically active than
normal-weight children. Furthermore, self-reported values of physical activity of children
with normal-weight and with overweight should be handled with care.

Finally, in chapter 8 the main results are discussed in a broader perspective, and
implications for general practice and suggestions for future research are given.
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Het doel van dit proefschrift was het beschrijven van: 1) de nauwkeurigheid van zelf-
gerapporteerde lengte en gewicht van kinderen bij de huisarts; 2) de associaties tussen
de gewichtsstatus van kinderen en de medische consequenties hiervan, zoals het aantal
consulten bij de huisarts voor musculoskeletale en respiratoire klachten; 3) het effect
van een multidisciplinair interventie programma voor kinderen met obesitas op verschil-
lende gezondheidsuitkomsten; 4) het beweeggedrag van kinderen met normaal gewicht
en met overgewicht.

DEEL 1:

In hoofdstuk 2 zijn de verschillen tussen zelf-gerapporteerde lengte en gewicht, en geme-
ten lengte en gewicht voor kinderen met ondergewicht, normaal gewicht en overgewicht
in de huisartspraktijk onderzocht. Hiervoor is data uit de DOERAK database gebruikt. De
DOERAK database is opgezet om potentiéle verschillen tussen kinderen met- en zonder
overgewicht in de huisartsenpraktijk te onderzoeken. De DOERAK database bestaat uit
733 kinderen tussen de 2 en 18 jaar. De gemiddelden van de zelf-gerapporteerde- en
van gemeten lengte en gewicht zijn vergeleken met de gepaarde T-test. Van de 715
geincludeerde kinderen had 17.5% ondergewicht, 63.2% normaal gewicht, en 19.3%
overgewicht, op basis van gemeten lengte en gewicht. Bij kinderen van 2-8 jaar rappor-
teerden de ouders van kinderen met ondergewicht een significant hoger gewicht dan
wat gemeten was (gemiddeld verschil(MD) 0.32kg; 95%Betrouwbaarheidsinterval(BI)
0.02, 0.62), terwijl de ouders van kinderen met overgewicht juist een significant lager
gewicht rapporteerden dan het gemeten gewicht (MD-1.08kg; 95%BI-1.77,-0.39). Bij
kinderen van 9-17 jaar rapporteerden de kinderen met normaal gewicht (MD-0.51kg;
95%BI1-0.79 ,-0.23) en met overgewicht (MD-1.28kg; 95%BI-2.08,-0.47) een significant
lager gewicht dan gemeten door de huisarts. Huisartsen kunnen daarom niet vertrou-
wen op zelf-gerapporteerde lengte en gewicht van kinderen en hun ouders, en zullen de
kinderen zelf moeten meten om misclassificatie van gewichtsstatus te voorkomen.

DEEL 2:

In hoofdstuk 3 zijn de resultaten van een literatuurstudie naar het verschil in botdicht-
heid tussen kinderen met normaal gewicht en overgewicht of obesitas weergegeven.
Voor deze literatuurstudie werden Medline (OVID), Embase, Cochrane, Web of Science
(WoS), Cinahl ebsco, Pubmed publisher and Google scholar systematisch doorzocht
naar artikelen met data over verschillen in botdichtheid tussen kinderen met normaal
gewicht en met overgewicht en/of tussen kinderen met normaal gewicht en obesitas. Er

173



Chapter 7

werden 27 studies in de literatuurstudie geincludeerd, met in het totaal 5958 kinderen.
Er was matige tot hoge kwaliteit van bewijs dat kinderen met overgewicht (MD 213
grams; 95%BI 166, 261) en met obesitas (MD 329 grams; 95%BI 229, 430) een significant
hoger mineraalgehalte van het hele lichaam hebben dan kinderen met normaal gewicht.
Vergelijkbare resultaten werden gevonden voor de botdichtheid van het hele lichaam.
De sensitiviteitsanalyse liet zien dat deze associatie sterker was bij meisjes, in vergelijking
met jongens. Concluderend hebben kinderen met overgewicht en obesitas een hogere
botdichtheid dan kinderen met normaal gewicht. Echter, aangezien er maar één studie
in deze literatuurstudie een longitudinale studieopzet had, kunnen er geen uitspraken
worden gedaan over het lange-termijn effect van overgewicht en obesitas bij kinderen
op de latere bot status als volwassene.

Hoofdstuk 4 bestudeerde de associaties tussen gewichtsstatus van kinderen en het
aantal en type consulten voor musculoskeletale klachten bij de huisarts, tijdens een
2-jaar follow-up. Net als in hoofdstuk 2, werd ook hier gebruik gemaakt van data uit de
DOERAK database. Poisson regressie en logistische regressie werden toegepast om de
associaties te testen tussen de gewichtsstatus en de aanwezigheid van-, de frequentie-
en de type consulten voor musculoskeletale klachten bij de huisarts. Een multivariabele
analyse werd gebruikt om te testen of er voorspellers voor consulten voor musculoske-
letale klachten bij de huisarts tijdens de follow-up van twee jaar waren. Kinderen met
overgewicht consulteerden de huisarts vaker tijdens de 2-jaar follow-up dan kinderen
zonder overgewicht (gemiddelde 7.3 (5.7) vs 6.7 (5.4), odds ratio (OR) 1.09; 95%BI 1.01-
1.18). Er waren geen significante verschillen tussen het aantal kinderen met- en zonder
overgewicht dat de huisarts bezocht voor alle musculoskeletale klachten (OR 1.20; 95%BI
0.86 —1.68). Er werden ook geen verschillen gevonden tussen het aantal consulten voor
musculoskeletale klachten van kinderen met- en zonder overgewicht. Tevens waren er
geen verschillen tussen het aantal verder gespecificeerde consulten voor musculoske-
letale klachten (zoals bovenste en onderste extremiteiten) van kinderen met- en zonder
overgewicht. Kinderen met overgewicht consulteren de huisarts dus wel vaker dan
kinderen zonder overgewicht, maar dit verschil wordt niet verklaard door een verschil in
consulten voor musculoskeletale klachten.

In hoofdstuk 5 werden de associaties bestudeerd tussen de gewichtsstatus van
kinderen en het aantal en type consulten voor respiratoire klachten. Data uit de DOE-
RAK database werden gebruikt. Logistische regressie analyses en negatieve binominale
regressie analyses werden toegepast om de associaties tussen gewichtsstatus en de
aanwezigheid-, de frequentie-, en de type respiratoire consulten tijdens een 2 jaar
follow-up te testen. Kinderen tussen de 2 en 18 jaar met ondergewicht hadden niet meer
consulten voor respiratoire klachten dan kinderen met normaal gewicht (OR 0.87; 95%BI
0.64-1.10). Ook kinderen van 2-18 jaar met overgewicht hadden niet meer consulten
voor respiratoire klachten dan kinderen met normaal gewicht (OR 1.33; 95%BI 0.99-
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1.77). Echter hadden kinderen tussen de 12-18 jaar met overgewicht significant meer
consulten voor respiratoire klachten bij de huisarts dan kinderen van 12-18 jaar met
normaal gewicht (OR 2.14; 95%BI 1.14-4.01). Kinderen van 12-18 jaar met overgewicht
hadden ook meer consulten voor astma-gerelateerde klachten (OR 3.94; 95%BI 1.20-
12.88), en meer consulten voor respiratoire allergie gerelateerde klachten (OR 3.14;
95%BI 1.25-7.86) dan kinderen van 12-18 jaar met normaal gewicht. Bij de jongere
kinderen werden geen associaties gevonden tussen gewichtsstatus en consulten voor
respiratoire klachten. Kinderen van 12-18 jaar met overgewicht consulteren de huisarts
dus vaker voor respiratoire, astma-achtige, en respiratoire allergie gerelateerde klachten
dan kinderen van 12-18 jaar met een normaal gewicht.

DEEL 3:

Hoofdstuk 6 presenteert de uitkomsten van een studie naar de effecten van een multi-
disciplinair interventie programma voor kinderen met obesitas in achterstandswijken op
bloeddruk en cardiorespiratoire fitheid. Kinderen met obesitas die zich aanmeldden voor
het 12-weken durende interventieprogramma ‘Kids4Fit’” konden worden geincludeerd
in deze studie. Bij het aanmelden van de kinderen voor Kids4Fit werden de kinderen op
een wachtlijst geplaatst, welke werd gebruikt als controle periode, totdat er een groep
van 8-12 kinderen beschikbaar was om de interventie te starten. Cardiorespiratoire fit-
heid werd gemeten door middel van de shuttle-run-test (SRT). De bloeddruk en de SRT
werden afgenomen bij aanmelden voor Kids4Fit, bij het starten van de interventie, aan
het einde van de interventie, en op 52 weken na de start van de interventie. Het effect
van Kids4Fit op de bloeddruk en op de SRT scores werd geanalyseerd door middel van
mixed models en effectplots. In het totaal deden 154 kinderen mee aan de studie met
een gemiddelde leeftijd van 8.5 jaar (standaard deviatie 1.8). Effectplots laten een initiéle
significante stijging van de SRT scores zien, maar dit effect is 52 weken na de interventie
niet meer aanwezig. Er was geen significante verandering in systolisch bloeddruk per-
centielen op 52 weken na start van de Kids4Fit interventie (B 0.08; 95%BI-0.06, 0.22).
Diastolische bloeddruk percentielen waren significant hoger op 52 weken na start van de
interventie, vergeleken met baseline (f 0.20; 95%BI 0.08, 0.31). Concluderend verbetert
een lokaal multidisciplinair interventie programma cardiorespiratoire fitheid, maar de
positieve gezondheidseffecten zijn na beéindigen van de interventie niet meer aanwezig.

In hoofdstuk 7 zijn de verschillen in niveau van fysieke activiteit tussen kinderen met-
en zonder overgewicht beschreven, en is de nauwkeurigheid van zelf-gerapporteerde
fysieke activiteit vergeleken met objectief gemeten fysieke activiteit voor kinderen
met- en zonder overgewicht gepresenteerd. Er werd gebruik gemaakt van de DOERAK
database, waarvan een subgroep (n=65) van de deelnemers gedurende een week een
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ActiGraph hebben gedragen om fysieke activiteit objectief te meten. Tevens vulden de
deelnemers gedurende dezelfde week een dagboek in over hun fysieke activiteit. Linear
mixed models en generalized estimating equestions (GEE) werden toegepast om het ver-
schil in objectief gemeten fysieke activiteit tussen kinderen met- en zonder overgewicht
te testen. GEE werd toegepast om het verschil in tijd besteed aan televisie kijken, compu-
teren, buiten spelen en sporten tussen kinderen met- en zonder overgewicht te testen.
Kinderen met overgewicht besteedden significant minder tijd in sedentaire activiteit (B
-1.65; 95%BI-3.12,-0.18), significant meer tijd in lichte tot matige fysieke activiteit (B
1.48; 95%BI 0.07, 2.89), en significant meer tijd in matige tot hevige fysieke activiteit (f
0.45; 95%BI 0.02, 0.87) dan kinderen met normaal gewicht. Er werden geen significante
verschillen gevonden tussen kinderen met normaal gewicht en met overgewicht voor
gerapporteerde TV-tijd, computer tijd, tijd besteed aan buiten spelen en tijd besteed aan
sporten. Zelf-gerapporteerde waardes van fysieke activiteit correleerden niet goed met
objectief gemeten waarden. Concluderend lijken kinderen met overgewicht niet min-
der actief dan kinderen met normaal gewicht. Daarnaast moeten zelf-gerapporteerde
waarden van fysieke activiteit van kinderen met- en zonder overgewicht met enige
voorzichtigheid geinterpreteerd worden.

In hoofdstuk 8 werden de belangrijkste resultaten van dit proefschrift in een breder
perspectief besproken, en werden implicaties voor de huisarts en suggesties voor toe-
komstig wetenschappelijk onderzoek gegeven.
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Vanaf september 2015 ben ik bezig geweest met het schrijven van dit proefschrift, en
hier heb ik de nodige hulp bij gekregen waarvoor ik een aantal mensen wil bedanken.

Mijn copromotor en promotoren

Marienke, bedankt voor de intensieve begeleiding en steun tijdens mijn gehele promotie
traject. Ik vond het erg fijn om met je samen te werken en je directe manier van com-
municeren stel ik erg op prijs. Je was altijd kritisch op mijn stukken en stelde de juiste
vragen waardoor ik getriggerd werd om na te denken hoe het stuk beter kon worden.
De afgelopen jaren is mijn wetenschappelijk schrijven enorm verbeterd door jouw tips:
je moet mensen meenemen in je verhaal, geen gedachtestappen overslaan, wel ‘to the
point’, elke alinea moet een boodschap hebben, etc. Dank hiervoor! Ook heb je het voor
elkaar gekregen om mijn creatieve kant naar boven te krijgen, met name bij het maken
van posters en presentaties. Het gebruik van infographics heb ik nu helemaal onder de
kniel

Jouw ‘open-door policy’ heb ik erg gewaardeerd en hier heb ik dan ook optimaal
gebruik van gemaakt. Hoe vaak ik bij jou in de deuropening stond met: “mag ik even een
korte vraag stellen?” en niet één keer zei je dat het even niet uit kwam...oké, misschien
1 keer, maar die is je vergeven ;).

Gelukkig was er ook altijd even tijd om het over dingen buiten werk te hebben, zoals
verhuizen, hockey, wintersport etc. Jouw oprechte interesse hierin heb ik erg op prijs
gesteld en heeft ook bijgedragen aan onze fijne samenwerking. In het laatste jaargesprek
gaf je me een compliment over dat het een mooi proefschrift is geworden en dat het
mooi binnen de tijd afgerond zou zijn. Ik bedankte jou toen voor je hulp, waarop jij zei:
“je hebt het zelf gedaan”. Maar zonder jouw input, kritische blik en aanmoediging was dit
zeker niet gelukt. Dus bij deze nogmaals, heel erg bedankt!

Bart, jij was vanaf het begin bij mijn promotie betrokken als mijn promotor. Bij onze
meetings wist jij vaak net wat andere vragen te stellen waardoor mijn artikelen in-
houdelijk nog beter werden. Als ik mijn stukken naar jou toe stuurde was je altijd positief
en enthousiast. Daarnaast gaf je altijd heel snel feedback waardoor ik direct verder kon.
Ook jij had een open-door policy waardoor ik makkelijk bij je naar binnen kon lopen met
mijn vragen. Bedankt voor je positiviteit, vertrouwen en je fijne begeleiding waarbij ik
jouw humor ook zeker heb gewaardeerd.

Patrick, jij bent pas later als promotor toegevoegd aan mijn projectgroep, maar vanaf
het begin was je al erg betrokken. Ondanks je drukke agenda wist jij altijd op zeer korte
termijn mijn artikelen te voorzien van opbouwende kritiek. Met name jouw huisartsen-
view gaf extra dimensies aan mijn stukken. “Wat merkt de huisarts hiervan?” of “wat kan
de huisarts hiermee?”. Bedankt voor deze waardevolle feedback. Gelukkig heb ik ook de
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kans gekregen om naar de NAPCRG te gaan met jou en een aantal collega’s. Het congres
was wellicht niet het beste congres waar we zijn geweest, maar de Chicago Bulls, Chicago
verkennen, en het dansen in de jazz-club was waanzinnig. Dank voor deze leuke ervaring.

Opzetten en uitvoeren van DOERAK

Winifred, ik heb van meerdere kanten gehoord dat jij een hele belangrijke rol hebt
gespeeld in het opzetten en uitvoeren van DOERAK, en hiervoor wil ik je bedanken.
Door jouw inzet kon ik direct aan de slag met een prachtige, complete, en overzichtelijke
dataset. Daarnaast ben je na jouw eigen promotie betrokken gebleven bij mijn promo-
tietraject, ondanks dat je inmiddels ergens anders aan het werk was. Bedankt voor alle
input die je hebt gegeven en voor je kritische en enthousiaste feedback om mijn stukken.

Naast Winifred waren er nog velen andere betrokken bij het opzetten van DOERAK en
het verzamelen van de data. Alle HAIO’s, huisartsen en onderzoeksmedewerkers bedankt
voor jullie inspanningen! Toke, voor jou nog een extra bedankje, aangezien ik tijdens mijn
promotietraject bij jou terecht kon met alle vragen over de dataset; jij had alle ins en outs
direct paraat, zodat ik weer snel verder kon.

Natuurlijk gaat ook mijn grote dank uit aan alle kinderen en ouders die hebben deel-
genomen aan de DOERAK studie!

Co-auteurs

Alle co-auteurs, bedankt voor de samenwerking en jullie bijdrage aan de verschillende
artikelen in dit proefschrift.

Huisartsopleider

Dick, tijdens mijn 1° opleidingsjaar bij jou in de praktijk heb je me alle ruimte gegeven
voor mijn promotie traject. Ik werkte part-time in de praktijk en besteedde elke week
1 dag aan mijn onderzoek. Daarnaast was ik ook af en toe weg naar een congres. Jij
hebt hier nooit een probleem van gemaakt en had altijd interesse in hoe het met mijn
onderzoek ging. Hartelijk dank hiervoor!

Collega’s
Zonder leuke collega’s gaat werken ook een stuk minder makkelijk. Alle collega’s van de
19%, bedankt voor de gezelligheid, het lachen, de leuke discussies, de 1°-donderdag-van-
de-maand-borrels, etc.

Ik kwam vanaf dag 1 terecht in het Kippenhok, eerst nog even wennen, maar ik
had me geen betere plek kunnen bedenken. Collega’s uit kippenhoek: het was heerlijk
om met jullie op een kamer te zitten en zo nu en dan afgeleid te worden met stomme
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grappen, youtube fimpjes (Oh my god, hij heeft ....), muziekjes, chocola, koekjes, koffie
drinken en spelletjes. En natuurlijk werd er ook hard gewerkt op zijn tijd. Ik heb van jullie
genoten en jullie hebben het werken hier absoluut een gouden randje gegeven, dank
voor de leuke tijd!

Vrienden

Naast werk besteed ik ook nog steeds veel tijd op de hockeyclub. Alle coaches, managers,
supporters, en natuurlijk mijn (oud-)teamgenootjes: bedankt voor de gezelligheid, de
biertjes, en de afleiding van het werk.

Mijn grote dank gaat ook uit naar al mijn vrienden en vriendinnetjes die op zijn of haar
manier iets hebben bijgedragen. leders interesse in hoe het met mijn promotie ging, de
discussies over overgewicht bij kinderen, de ontspanning door etentjes en drankjes en de
weekendjes weg, heb ik allemaal zeer op prijs gesteld.

Familie

Lieve Rietje en Loes, mijn grote zussen, wat ben ik blij met jullie. Ik vind het zo fijn om
twee zussen te hebben die me door en door kennen en waarmee ik alles kan bespreken.
Jullie enthousiasme en trotsheid als ik een artikel af had werkten stimulerend. En ja,
kleine zusjes worden groot, zo klein ben ik niet meer ;). En Rietje, onwijs bedankt voor
het tekenen van mijn cover, hij is echt heel gaaf geworden!

Lieve mama en Rob; mama jij wist al wat eerder dat onderzoek doen iets voor mij was.
Jij zei: “is het niet wat voor jou om promotieonderzoek te doen”, ik: “nee, niks voor
mij”. Maar je had gelijk! Ik vond het super leuk om tijdens mijn promotietraject mijn
verschillende bevindingen met je te bespreken en jouw oprechte interesse vond ik heel
fijn. Wellicht heb ik dat analytische vermogen van jou geérfd Als ik jullie belde of appte
om te delen dat er een stuk was gepubliceerd waren jullie altijd lovend en trots! Bedankt
voor jullie steun.

En last but not least: Lieve Jacob, de afgelopen 3 jaar waren niet altijd even makkelijk,
maar gelukkig zijn we er nu eindelijk over uit: we zijn voor elkaar gemaakt. Ik bof met
iemand als jij die al mijn verhalen van werk aanhoort (lange of korte versie?), mijn
presentaties aanhoort, eten kookt, de was doet, schoonmaakt, champagne met me
drinkt om publicaties te vieren, trots aan vrienden vertelt dat ik de huisartsopleiding EN
promotieonderzoek doe, en zo kan ik nog wel even door gaan... Wat zou ik zonder jou
moeten... Dankjewel voor al je steun en liefde de afgelopen jaren.

183






Curriculum Vitae






Curriculum Vitae

Janneke van Leeuwen was born on October 23rd, 1986, in Hilversum, the Netherlands.
She attended secondary school at ‘the Alberdink Thijm College” in Hilversum and gradu-
ated in 2004. She then received a full scholarship to play field hockey at the University of
Maryland, College Park, The United States from which she graduated with a Bachelor of
Science Degree in Economics in 2008.

In September 2008 Janneke moved to Rotterdam and started studying medicine at
the Erasmus MC. She completed her 21-week master research project at the Depart-
ment of Health and Rehabilitation Sciences, at the University of Queensland in Brisbane,
Australia. Her master research topic was: knee osteoarthritis 1 year after ACL recon-
struction, using the MOAKS. She graduated in January 2015 with a Master of Science in
medicine. Hereafter Janneke gained medical experience by working in an elderly home
for 6 months, and in September 2015 she started her general practice vocational training
in combination with her PhD-project (AIOTHO). In September 2016 she graduated from
the Netherlands Institute of Health Sciences (NIHES) with a Master of Science in Clinical
Epidemiology. Janneke will continue to finish her general practice vocational training in
the upcoming year(s).
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Erasmus MC Department: General Practice
PhD Period: September 2015 — March 2019

Promotors: Prof. dr. B.W. Koes and Prof. dr. PJ.E. Bindels

Co-promotor: Dr. M. van Middelkoop

PhD Portfolio

Year Workload (ECTS)
Courses/training
Master of Science in Clinical Epidemiology, NIHES, Rotterdam 2015-2016 70
Research Integrity 2017 0.7
EndNote, Erasmus MC, Rotterdam 2015 0.3
Systematic literature search, Erasmus MC, Rotterdam 2015 0.3
BKO (Basiskwalificatie Onderwijs) — Ontwikkelen onderwijs 2016 0.5
BKO (Basiskwalificatie Onderwijs) — Blended learning 2017 0.5
BKO (Basiskwalificatie Onderwijs) — Teach the Teacher 2016 1
Professional education
Vocational training for general practitioner, Erasmus MC, Rotterdam 2015 — present
Oral presentations
NASO meeting, Utrecht, 1 presentation 2017 1
NHG Wetenschapsdag, Zeist, 2 presentations 2017 2
BJGP conference, London, England, 2 presentations 2018 2
NHG Wetenschapsdag, Amsterdam, 1 presentation 2018 1
Primeuravond, Rotterdam, 1 presentation 2018 1
Poster presentations
ECO, Porto, Portugal, 2 posters 2017 2
NAPCRG, Chicago, United states, 1 poster 2018 1
Participation (inter)national conferences
LOVAH wetenschapsdag, Utrecht 2015 0.3
NHG wetenschapsdag, Amsterdam 2016 0.3
ECO, Gothenburg, Sweden 2016 1
Wetenschapsbijeenkomst Centrum Gezond Gewicht 2017 0.3
LOVAH Wetenschapsdag, Utrecht 2017 0.3
Nationaal Obesitas Symposium, Rotterdam 2018 0.3
Teaching
Supervision of research projects by medical students (2x) 2016-2018 4.0
Clinical reasoning for bachelor and master students 2016-2019 3.0
Coaching bachelor medical students 2016-2018 1.6
Lecturing GP assistants 2016-2019 1
Total 95.4
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