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Abstract
Background Aim of this study is to determine how changes in weight and energy balance 
related behaviours (EBRB’s) among 4-9 year old children after a period of three years differ 
for low, middle and high socio-economic status (SES) groups and to study how (changes in) 
EBRB’s are associated with changes in BMI.

Method This cohort study used data from 1,048 children that participated in the ChecKid 
study in 2006 and 2009 in the city of Zwolle, the Netherlands. Data collection consisted 
of anthropometric measurements (weight and height) and parental questionnaire on socio-
demographic characteristics and children’s dietary and physical (in)activity behaviour. BMI 
was standardised as BMI-sds. A total change score was calculated by adding the number 
of unfavourable changes to the number of unfavourable baseline behaviours. Changes in 
weight and EBRB’s over time were studied separately for low, middle and high SES groups, 
associations between EBRB’s and changes in BMI-sds/weight status were assessed with 
multiple linear and logistic regression analyses. 

Results Various EBRB’s deteriorate unfavourably between 2006 and 2009, especially 
vegetable, fruit and snack consumption and (game) computer use and especially in low SES 
groups. Viewing TV >1 hour and computer use >30 minutes in both years were associated 
with BMI-sds increase (β:0.11;95%-CI:0.02-0.19 and β:0.15;95%-CI:0.04-0.25 
respectively). Unfavourable change in breakfast consumption and sport participation 
were associated with a BMI-sds increase (β:0.31;95%-CI:0.07-0.58 and β:0.17;95%-
CI:0.04-0.31 respectively). A higher total change score was associated with an increase 
in BMI-sds (β:0.04;95%-CI:0.00-0.07).

Conclusion It seems promising to target interventions at breakfast consumption, sport 
participation and reducing screen time of children with special focus on those with low SES. 
Nevertheless, our results confirm that interventions should not address single behaviours. 
Hence, weight change is larger with a combination of unfavourable behaviours and 
unfavourable changes in behaviours.
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Introduction
Overweight and obesity prevention in children and adolescents is necessary because 
childhood overweight is associated with a range of serious complications such as type 
2 diabetes, cardiovascular, disease, and psychosocial problems (1-5). Moreover, obesity 
during childhood is a strong predictor for obesity in adolescence and adulthood (6, 7).

Overweight is caused by a lower energy expenditure than energy intake, resulting in excessive 
weight gain (8). Therefore it is important to target energy-balance related behaviours (EBRB’s): 
dietary behaviours that affect the energy intake and physical (in)activity that affect energy 
expenditure, which can for practical reasons be divided roughly into physical activity and 
lifestyle nutrition behaviours (9). Different studies showed that skipping breakfast, insufficient 
fruit and vegetables intake, frequent snacking, drinking sugared drinks, lack of outside play 
and/or participation in organised sports and too much TV viewing and computer use are 
associated with childhood overweight and obesity (10-15). 

In Zwolle, a Dutch rural city with 117,703 inhabitants in 2009 (16), several policy sectors 
and local organisations work together to promote a healthy lifestyle among its inhabitants 
with special focus on children, and to reduce health inequalities between low, middle and 
high SES groups. To achieve this, a Dutch translation of the French EPODE approach, 
called JOGG is used (17). For the development and implementation of this active health 
policy it is important to identify EBRB’s that are most promising to target when developing 
interventions to prevent childhood overweight, separately for children with low, middle 
and high SES backgrounds.

Most studies investigating the relationship between EBRB’s and BMI are cross-sectional 
and therefore indicate associations only. Prospective studies are needed to demonstrate 
potential cause-effect relationships between EBRB’s and BMI (10, 12, 15). This study aims 
1) to determine the changes in weight status, BMI-sds and EBRB’s among primary school 
children between 2006 and 2009 separately for children with a low, middle and high SES 
background and 2) to examine how EBRB´s in 2006 and 2009 or changes in EBRB´s are 
associated with changes in BMI-sds and body weight in 2009. 

Method
Study population
The current cohort study used data from both ChecKid 2006 and ChecKid 2009. ChecKid 
was conducted among primary school children (4-13 years) as a monitoring study in the 
city of Zwolle, one of the major cities in the rustic north-eastern region of the Netherlands. 
In 2006 the study was carried out within three weeks in October and November and 
aimed at identifying neighbourhoods/communities at risk for overweight, behaviours 
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related to overweight and determinants of these behaviours in the city of Zwolle. With 
this information tailored interventions that are part of an integrated approach can be 
developed and implemented. Details on the study populations and data collection in 2006 
have been described elsewhere (18). In 2009 ChecKid was repeated in the same way and 
period. The study population in 2009 was in essential similar to the ChecKid 2006 study. 
ChecKid was carried out as a collaboration between the Research Centre Prevention of 
Overweight Zwolle and the Municipal Health Service. The Medical-Ethical Committee of 
the VU Medical Centre in Amsterdam gave permission for the ChecKid study. 

ChecKid 2006-2009
All primary schools (n=51) in Zwolle were invited and 69% (n=35) agreed to participate 
in the study in both 2006 and 2009. Schools that participated in only one measurement 
(2006 or 2009) were excluded from this study. Reasons for non-participation in 2006 and/
or 2009 were other priorities (e.g. they were already participating in another study). Only 
children in class 1 through 5 in 2006 were included, because children in higher classes 
transferred to secondary school in 2009, by which, the majority of students were lost to 
follow-up. The total number of respondents with both an anthropometric measurement and 
a parental questionnaire was 4,072 in 2006 (of whom 2,686 in class 1 through 5) and 
3,026 in 2009 (of whom 1,883 in class 4 through 8). Data for both 2006 and 2009 were 
available for 1,048 children. All parents of these children gave written informed consent.

Measures
Trained students from the University of Applied Sciences Windesheim measured children’s 
body height, weight and waist circumference according to the protocol for the national 
Dutch Growth study (19). The children’s BMI cut-off points defined by Cole et al. (20, 
21) were used to define thinness, healthy weight, overweight and obesity. To determine 
differences in BMI over time, BMI-sds based on the Dutch Growth Analyser (version 3.5, 
2007, Rotterdam, the Netherlands) with the reference population from 1997, were 
calculated and subtracted from each other. A positive change in BMI-sds means increase 
in BMI and negative change in BMI-sds means decrease in BMI. 

Demographic characteristics
Parental questionnaires included socio-demographic variables (children’s age, gender 
and parental educational level and country of birth) and information about children’s 
nutritional, physical (in)activity and sedentary behaviours. SES was based on the highest 
completed educational level of both parents and classified as low (lower general secondary 
education, lower vocational training and primary school or less), middle (intermediate 
vocational training, higher general secondary training and pre-university education) or 
high (completed higher vocational training and University) (22). Based on parent’s country 
of birth, ethnicity was determined. 
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Dietary behaviours
The following behaviours for week- and weekend days were investigated in 2006 and 
2009; the frequency (number of days) of having breakfast and eating vegetables for 
dinner, the frequency and amount of fruit intake, eating snacks (candy bar, portion potato 
chips or a savoury snack) and sugared drinks consumption (fruit juice, cordial, soft drinks, 
sweetened dairy drinks). Averages were calculated by multiplying the number of days per 
week or weekend the child ate or drank fruit, snacks or sugared drinks by the number of 
pieces or glasses per day. Week- and weekend days were combined and divided by the 
total number of days. 

Consumption of breakfast and vegetables were dichotomised according to the Dutch 
nutrition centre as 7 days and <7 days and fruit consumption as ≥2 and <2 pieces per day 
(23, 24). Consumption of sugared drinks (total of fruit juice and cordial, soft drinks and 
sweetened milk drinks) was also dichotomised according to the Dutch nutrition centre as 
≤3 and >3 glasses per day (23). Because no guidelines were available for eating snacks 
(total of sweet candy bars, savoury snacks and crisps), eating snacks was divided into 
three categories: ≤0,5, 0,6-1 and >1 portion per day.

(In)activity and sedentary behaviours
The following (in)activity and sedentary behaviours for week- and weekend days were 
investigated in 2006 and 2009; outside play, participation in organised sports, TV 
viewing (including watching video/DVD) and using the (game) computer. Parents were 
asked to report the number of days their child was physical (in)active and to report the 
mean duration of the (in)activity item in five categories: <0.5, 0.5-1, 1-2, 2-3 and >3 
hours. Averages were calculated by multiplying the number of days per week of weekend 
the child spent time on activities by the mid-category values of the duration per day (210 
minutes for the highest category). Week- and weekend days were combined and divided 
by the total number of days.

Outside play was dichotomised according to the Dutch standard for exercise for children 
as playing ≥1 hour and <1 hour per day and participating in organised sports as ≥1 hour 
and <1 hour per week (25). For TV viewing and (game) computer use, we used standards 
that were previously used in this study population (26). The standard on TV viewing was 
defined in such a way that around a third of the children would fall in the highest category 
and was therefore dichotomised as <1 and ≥1 hour per day. Using the same method, 
(game) computer use was categorised as <30 and ≥30 minutes per day. 

Changes in EBRB’s and total change score
To analyse changes in EBRB’s, the single behaviours were divided into four categories. 
Children with a favourable behaviour in 2006 and 2009 were categorised as ‘Favourable 
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in 2006 and 2009’ (the reference category). Children with an unfavourable behaviour 
in 2006, but a favourable behaviour in 2009 were categorised as ‘Favourable change’, 
unfavourable in both 2006 and 2009 was defined as ‘Unfavourable in 2006 and 2009’ 
and children with a favourable behaviour in 2006 but an unfavourable behaviour in 2009 
were categorised as ‘Unfavourable change’. Also, a combination score was calculated 
which takes into account the number of unfavourable changes in behaviours and the 
amount of unhealthy behaviours at baseline. First, children were given a baseline score, 
based on quartiles; 0-2 unfavourable behaviours (baseline score =0); 3 unfavourable 
behaviours (baseline score =1); 4 unhealthy behaviours (baseline score = 2) and 5 or 
more unhealthy behaviours (baseline score =3). Subsequently the amounts of unfavourable 
changes were added to this score. We measured the change with regard to nine EBRB’s: 
breakfast, vegetables, fruit, sugared drinks and snack intake, outside play, participating in 
organised sports, TV viewing and computer use. Children had a score between 1 and 6 
on this total unfavourable change score. 

Statistical analyses
For 1,048 children complete anthropometrical data and data from the parental 
questionnaire were available in 2006 and 2009. Of the children, missing values in 
2006 or 2009 ranged between 0.3% and 4.2% for breakfast consumption, vegetables 
consumption, outside play, sport participations, TV viewing and computer use. For fruit 
consumption, intake of sugared drinks and snacks, the percentages of missing values were 
higher and ranged between 11.5% and 23.3%. Overweight children and children with 
a low SES background more often had a missing value on these variables compared to 
non-overweight children and children with a middle and high SES background. As missing 
data were not missing completely at random, multiple imputations to deal with missing 
data were used. Data were ten times imputed using the ‘Predictive Mean Matching’ (PMM) 
procedure that runs under the SPSS 20.0 program (SPSS Inc, Chicago). For comparison 
reasons, data were also five, twenty and fifty times imputed using the same method. All 
analyses were performed on the original data and on the imputed datasets. No major 
differences were found in the slopes or the p-values and no differences were found in the 
direction of the found associations. 

To investigate population characteristics and differences in EBRB’s over time, descriptive 
statistics were used. McNemar’s tests were used to determine statistically significant 
changes in EBRB’s between 2006 and 2009. Changes in weight status, mean and delta 
BMI-sds and behaviours were investigated for the whole group and separately for children 
with a low, middle and high SES background with descriptive statistics. Differences in mean 
and delta BMI-sds between low, middle and high SES groups were tested with one-way 
ANOVA and differences in weight status and behaviours between low, middle and high 
SES groups with Chi Square tests. Subsequently, multiple linear regression analyses were 
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used to analyse changes in EBRB’s related to change in BMI-sds (BMI-sds delta checked 
to be normally distributed) adjusted for potential confounders (BMI-sds 2006 and SES) 
and to study the association between the total change score and change in BMI-sds. The 
prevalence of immigrants is relatively low in Zwolle and very few parents with a foreign 
background participated in the ChecKid study in both years (3,8%), therefore we did not 
adjust for ethnicity in the  analyses. Multiple logistic regression analyses were used to 
study associations between changes in EBRB’s and weight status in 2009 (overweight and 
obesity were combined) and to study the association between the total change score and 
overweight in 2009. Whether the associations between changes in EBRB’s and change in 
BMI-sds differed across categories of SES, ethnicity and gender, was checked.

Results
The prevalence of overweight (obesity included) increased slightly from 10.0% in 2006 
to 11.0% in 2009, with a little decrease in obesity (1.7% in 2006 and 1.3% in 2009). 
The BMI-sds increased slightly between 2006 and 2009 (Table I). Not eating vegetables 
daily, eating less than two pieces of fruit, eating more than one snack per day and viewing 
television more than one hour per day was statistically significant more common among 
the children in 2009 then when assessed in 2006. For (game) computer use, the number 
of children spending more than 30 minutes per day, more than doubled between 2006 
and 2009. The number of children who did not participate in organised sports decreased 
statistically significantly between 2006 and 2009.

Amongst children with a low SES background, the mean BMI-sds was statistically 
significant highest compared to middle and high SES groups and doubled between 2006 
and 2009 (Table II). Consequently, statistically significant more children with a low SES 
background were categorised as being overweight or obese in both years compared to 
the other two SES groups. The increase in BMI-sds was highest in children with a low SES 
background compared to children with a middle and high SES background (Table III). 
Overall, children with a high SES background more often were categorised as having 
a favourable behaviour in both years or made a favourable shift from an unfavourable 
behaviour in 2006 to a favourable behaviour in 2009 compared with children with 
middle and low SES background. Fruit consumption and outside play were exceptions as 
children with a low SES background more often were categorised as having a favourable 
behaviour in both years or made a favourable shift than children with a low or middle 
SES background. 
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Table I. Demographic characteristics

Both years (n=1,048)

Children’s characteristics
Gender (%)
   Boys 47.0
   Girls 53.0
Socio-economic status (%)
  Low 6.6
  Middle 31.3
  High 62.3
Ethnicity: non-western (%) 3.8

2006 2009

Age in years, mean (SD) 6.7 (1.5) 9.8 (1.5)
Weight status (%)a

  Thinness 8.7 9.5
  Healthy weight 81.3 79.5
  Overweight 8.3 9.7
  Obese 1.7 1.3
BMI-sds, mean (SD) 0.03 (0.89) 0.07 (0.97)

Dietary behaviours (%)
  Breakfast <7 days per week 2.7 3.8
  Vegetables intake <7 days per week 53.4* 57.4
  Fruit <2 portions per day 75.9* 80.4
  Sugared drinks >3 glasses per day 42.6 38.9
  Snack >1 piece per day 13.1** 17.7

Physical (in)activity behaviours (%)
  Outside play <1 hour per day 53.3 54.4
  Organised sports <1 hour per week 45.4** 25.3

Sedentary behaviours (%)a

  TV viewing > 1 hour per day 37.7** 45.2
  (Game) computer use > 30 minutes per day 21.8** 54.1

*P≤.05 for difference between 2006 and 2009. **P≤.001 for difference between 2006 and 2009.
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Table II. BMI-sds mean and weight status 2006 and 2009 for low, middle and high SES groups

Low SES (n=67) Middle SES (n=323) High SES (n=658)

BMI-sds 2006, mean (sd) 0.21 (1.12)* 0.09 (0.92) -0.02 (0.85)
BMI-sds 2009, mean (sd) 0.42 (1.12)** 0.17 (1.01) -0.03 (0.92)

Weight status 2006 (%)a

  Thinness 10.9** 7.6 9.3
  Healthy weight 68.8 80.3 82.9
  Overweight 10.9 10.2 7.2
  Obese 9.4 1.9 0.6

Weight status 2009 (%)a

  Thinness 7.8** 9.2 9.8
  Healthy weight 67.2 77.1 81.9
  Overweight 17.2 11.7 7.9
  Obese 7.8 1.9 0.3

*P≤.05 for difference between SES groups. **P≤.001 for difference between SES groups

Overall, children with a low SES background more often were categorised as having an 
unfavourable behaviour in both 2006 and 2009, with the exceptions of fruit consumption 
and computer use; children with a middle SES background more often had an unfavourable 
behaviour regarding fruit consumptions in both years, children with a high SES background 
more often had an unfavourable behaviour regarding outside play in both years.

Children with a low SES background more often made a shift from a favourable behaviour 
in 2006 to an unfavourable behaviour in 2009 compared to the other two groups, with 
again a few exceptions. Children with a middle SES background more often made an 
unfavourable shift in snack consumption and TV viewing and children with a high SES 
background more often make an unfavourable shift in outside play. 

Viewing more than one hour of TV per day in both 2006 and 2009 was associated with 
an increase in BMI-sds compared to children who viewed one or less hours per day in both 
years. Using the computer more than 30 minutes per day in both 2006 and 2009 was 
associated with an increase in BMI-sds compared to children who viewed one or less hours 
per day in both years. An unfavourable behaviour in 2006 and 2009 regarding the other 
behaviours was not statistically significantly associated with a change in BMI-sds.
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Table III. Changes in BMI-sds and energy balanced related behaviours 2006-2009 for low, medium 

and high SES groups

Total 
(n=1,048)

Low SES 
(n=67)

Middle SES 
(n=323)

High SES 
(n=658)

Delta BMI-sds, mean 0.03 (0.64) 0.21 (0.72)* 0.08 (0.62) -0.01 (0.65)

Dietary behaviours (%)
Breakfast (favourable = 7 days per week)
Favourable in 2006 and 2009 94.8 80.2** 93.4 97.0
Favourable change1 1.3 5.8 2.1 0.5
Unfavourable in 2006 and 2009 1.4 10.4 1.2 0.6
Unfavourable change2 2.5 3.6 3.3 1.9

Vegetables (favourable = 7 days per week)
Favourable in 2006 and 2009 32.0 14.5** 20.7 39.3
Favourable change1 10.6 11.2 9.1 11.4
Unfavourable in 2006 and 2009 42.8 58.0 56.3 34.6
Unfavourable change2 14.6 16.3 14.0 14.7

Fruit (favourable = 2 pieces per day)
Favourable in 2006 and 2009 11.7 19.6 9.1 12.2
Favourable change1 8.0 2.1 7.7 8.7
Unfavourable in 2006 and 2009 67.9 62.5 69.1 67.9
Unfavourable change2 12.4 15.8 14.1 11.3

Sugared drinks (favourable = ≤ 3 glasses per day)
Favourable in 2006 and 2009 43.7 17.0** 33.9 51.3
Favourable change1 17.4 23.7 16.4 17.2
Unfavourable in 2006 and 2009 25.2 42.5 34.0 19.2
Unfavourable change2 13.7 16.7 15.7 12.4

Snacks (favourable = ≤ 1 portion per day)
Favourable in 2006 and 2009 75.5 52.2** 69.5 80.9
Favourable change1 6.7 17.9 6.3 5.8
Unfavourable in 2006 and 2009 6.4 16.0 10.0 3.7
Unfavourable change2 11.3 13.7 14.1 9.7

Physical (in)activity behaviours (%)
Outside play (favourable is ≥ 1 hour per day)
Favourable in 2006 and 2009 28.5 39.9* 35.3 23.9
Favourable change1 17.1 19.9 17.3 16.7
Unfavourable in 2006 and 2009 36.2 25.1 31.7 39.5
Unfavourable change2 18.2 15.0 15.7 19.8

Participating in organised sports (favourable = ≥1 hour per day) 
Favourable in 2006 and 2009 45.1 27.0* 45.0 47.0
Favourable change1 29.6 27.9 27.8 30.7
Unfavourable in 2006 and 2009 15.8 27.6 19.3 13.0
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Total 
(n=1,048)

Low SES 
(n=67)

Middle SES 
(n=323)

High SES 
(n=658)

Unfavourable change2 9.4 17.5 8.0 9.3

Sedentary behaviours (%)
TV viewing (favourable = <1 hour per day)
Favourable in 2006 and 2009 52.0 42.5* 45.7 56.1
Favourable change1 2.7 3.6 2.0 3.0
Unfavourable in 2006 and 2009 35.3 47.8 41.4 31.0
Unfavourable change2 9.9 6.1 10.8 9.9

(Game) computer use (favourable = <30 min per day)
Favourable in 2006 and 2009 42.7 31.0 41.4 44.6
Favourable change1 3.9 3.4 4.0 3.9
Unfavourable in 2006 and 2009 17.7 18.3 19.9 16.5
Unfavourable change2 35.7 47.2 34.7 35.0

Abbreviations: SES= socio-economic status
*P≤.05 for difference between SES groups. **P≤.001 for difference between SES groups; 
1 An unfavourable behaviour in 2009 and a favourable behaviour in 2009; 
2 A Favourable behaviour in 2006 and an unfavourable behaviour in 2009
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Table IV. Association between changes in energy balanced related behaviours 2006-2009 and 

change in BMI sds 

∆ BMI sds

β (95%-CI)

Dietary behaviours 
Breakfast (favourable = 7 days per week)
Favourable in 2006 and 2009 0 (-)
Favourable change1 0.20 (-0.13; 0.53)
Unfavourable in 2006 and 2009 -0.01 (-0.33; 0.32)
Unfavourable change2 0.31 (0.07; 0.56)

Vegetables (favourable = 7 days per week)
Favourable in 2006 and 2009 0 (-)
Favourable change1 -0.02 (-0.16; 0.11)
Unfavourable in 2006 and 2009 0.03 (-0.06; 0.12)
Unfavourable change2 -0.01 (-0.13; 0.11)

Fruit (favourable = 2 pieces per day)
Favourable in 2006 and 2009 0 (-)
Favourable change1 0.09 (-0.09; 0.27)
Unfavourable in 2006 and 2009 -0.03 (-0.15; 0.09)
Unfavourable change2 -0.11 (-0.27; 0.04)

Sugared drinks (favourable = ≤ 3 glasses per day)
Favourable in 2006 and 2009 0 (-)
Favourable change1 0.01 (-0.10; 0.13)
Unfavourable in 2006 and 2009 0.05 (-0.04;0.15)
Unfavourable change2 0.04 (-0.08; 0.17)

Snacks (favourable = ≤ 1 portion per day)
Favourable in 2006 and 2009 0 (-)
Favourable change1 0.10 (-0.06; 0.25)
Unfavourable in 2006 and 2009 0.06 (-0.11; 0.22)
Unfavourable change2 0.04 (-0.09; 0.16)

Physical (in)activity behaviours
Outside play (favourable is ≥ 1 hour per day)
Favourable in 2006 and 2009 0 (-)
Favourable change1 -0.07 (-0.19; 0.06)
Unfavourable in 2006 and 2009 -0.04 (-0.14; 0.06)
Unfavourable change2 -0.03 (-0.14; 0.09)

Participating in organised sports (favourable = ≥1 hour per day) 
Favourable in 2006 and 2009 0 (-)
Favourable change1 -0.05 (-0.14; 0.05)
Unfavourable in 2006 and 2009 0.08 (-0.03; 0.19)
Unfavourable change2 0.18 (0.04; 0.31)
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∆ BMI sds

β (95%-CI)

Sedentary behaviours
TV viewing (favourable = <1 hour per day)
Favourable in 2006 and 2009 0 (-)
Favourable change1 -0.01 (-0.25; 0.23)
Unfavourable in 2006 and 2009 0.11 (0.02; 0.19)
Unfavourable change2 -0.02 (-0.15; 0.12)

(Game) computer use (favourable = <30 min per day)
Favourable in 2006 and 2009 0 (-)
Favourable change1 -0.04 (-0.24; 0.17)
Unfavourable in 2006 and 2009 0.15 (0.04; 0.25)
Unfavourable change2 -0.06 (-0.15; 0.03)

Abbreviations: β = Bèta, CI = Confidence Interval
All results are adjusted for socio-economic status and BMI-sds at baseline (2006)
1 An unfavourable behaviour in 2009 and a favourable behaviour in 2009
2 A favourable behaviour in 2006 and an unfavourable behaviour in 2009

Children who had an unfavourable change in breakfast consumption (i.e. daily breakfast 
consumption in 2006, but not in 2009) had an increase in BMI-sds compared to children 
who had favourable breakfast consumption in both years (Table IV). Children who had an 
unfavourable change in sport participation (i.e. more than one hour of sports in 2006, 
but not in 2009) had a BMI-sds increase compared to children participating in organised 
sports for one hour or more in both years. Unfavourable changes in the other behaviours 
were not statistically significantly associated with a change in BMI-sds.

No associations were found between favourable changes in behaviours and a change 
in BMI-sds. The associations between changes in EBRB’s and change in BMI-sds did 
not differ across categories of SES, ethnicity and gender. No associations were found 
between changes in behaviours or an unfavourable behaviour in both years and 
overweight in 2009 (data not shown). Viewing TV more than an hour per day in 2006 
and 2009 was associated with a higher BMI-sds in 2009 (β 0.18; 95%-CI: 0.06;0.31). 
Using the computer more than 30 minutes per day in both years was associated with a 
higher BMI-sds in 2009 (β 0.19; 95%-CI: 0.02-0.36).

A higher total unfavourable change score (unhealthy behaviours at baseline + number of 
unfavourable changes) was statistically significantly associated with both an increase in 
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BMI-sds and higher odds of being overweight in 2009 (Table V). Comparing the separate 
scores with the lowest score (score of 1) showed that the Odds ratios of overweight in 
2009 were higher with a higher unfavourable change score. The association between 
the total unfavourable change score and overweight (yes/no) in 2009 declined and 
was statistically not significant when adjusted for SES. Adjusting for SES and BMI-sds at 
baseline did not have an effect on the statistically significant association between the total 
unfavourable change score and a change in BMI-sds.

Table V Association between total unfavourable change score and change in BMI-sds and weight 

status in 2009

∆ BMI sds ∆ BMI sds Weight status Weight status

Des-
criptive

β (95%-CI) 
Unadjusted

β (95%-CI)1 OR (95%-CI) 
Unadjusted

OR (95%-CI)2

Total unfavourable 
change score3 
Total change score 
of 1

20.6% 0 (-) 0 (-) 1 (-) 1 (-)

Total change score 
of 2

27.4% 0.08 (-0.06;0.22) 0.07 (-0.07;0.20) 1.11 (0.54-2.31) 1.05 (0.51-2.19)

Total change score 
of 3

28.7% 0.10 (-0.02;0.23) 0.08 (-0.04;0.20) 1.17 (0.61-2.25) 1.00 (0.51-1.94)

Total change score 
of 4

17.0% 0.14 (-0.01;0.28) 0.13 (-0.01;0.27) 2.15 (1.09-4.22) 1.80 (0.92-3.55)

Total change score 
of ≥ 5

6.3% 0.17 (-0.04;0.38) 0.14 (-0.07;0.35) 1.83 (0.69-4.86) 1.29 (0.48-3.52)

Mean 
(sd)

Total change score 2.62 
(1.17)

0.04 (0.01;0.07)0.04 (0.00;0.07) 1.26 (1.08-1.47) 1.15 (0.96-1.37)

Abbreviations: β = Bèta, CI = Confidence Interval, OR = Odds Ratio
1 Adjusted for socio-economic status, BMI-sds 2006; 2 Adjusted for socio-economic status
3 Score was calculated as follows: children were given a baseline unfavourable score based on number of 
unfavourable behaviours, number of unfavourable changes were added to this score.

Discussion
This study shows unfavourable changes in BMI-sds among children from 4-9 years after a 
period of three years. In addition, eating vegetables daily, eating two or more pieces of fruit 
daily,  eating one or more pieces of snacks daily, TV viewing more than 1.5 hours and using 
the computer for more than 30 minutes statistically significant deteriorated in these years. 
Participation in organised sports improved from 2006 and 2009. The prevalence of overweight 
and obesity and the increase in BMI-sds is considerably higher for children with a low SES 
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background, compared to children with a middle or high SES background. Overall, children 
with a low SES background more often showed unhealthy behaviours and unfavourable 
changes in behaviours than children with a middle and high SES background. A notable 
exception is outside play; i.e. children with a high SES background are more often categorised 
as having an unfavourable behaviour in both 2006 and 2009 or make an unfavourable shift 
in behaviours between 2006 and 2009. Maintaining an unfavourable behaviour in 2006 and 
2009 regarding TV viewing and using the computer is associated with an increase in BMI. 
An unfavourable change in breakfast consumption and an unfavourable change in organised 
sports participation are associated with an increase in BMI. Taken together the number of 
unfavourable behaviours at baseline and the number of unfavourable changes in behaviours 
between 2006 and 2009 showed that a higher total score is associated with a higher increase 
in BMI and higher odds of being overweight in 2009.

Our results regarding breakfast behaviour are in line with results from a systematic review, 
analysing both cross-sectional and longitudinal studies. This review concluded that skipping 
breakfast is associated with overweight and with an increase in BMI (27). Our findings are 
remarkable since we found that children in Zwolle generally eat breakfast daily and only a few 
made an unfavourable shift. Therefore, from a public health perspective, breakfast consumption 
has less priority than some other EBRB’s in the city of Zwolle. Nevertheless, given the strong 
association with an increase in BMI-sds, it is advisable to continue monitoring breakfast 
behaviour in children not only in the city of Zwolle, but also in other cities and regions. 

Although the percentage of children that participate in an organised sport overall is 
improved between 2006 and 2009, an unfavourable change in sport participation is 
associated with an increase in BMI-sds. Our results are in line with other studies linking 
insufficient sport participation with childhood overweight (28). Therefore sport participation 
is an interesting target and should be promoted in overweight prevention programs. To do 
this, information is needed on the reasons why children quit to participate in organised 
sports and of course insight is needed into children who never start to participate in sports.

The results regarding TV viewing and computer use are in line with several cross-sectional 
studies reporting that these behaviours are associated with childhood overweight (14, 
26, 29). Our results suggest that a change in TV viewing and computer use somewhere 
during 2006 and 2009 was not related to a BMI-sds increase. It seems that a change must 
appear for a longer period of time to have an effect on weight gain. Therefore continued 
attention is needed on these screen based sedentary behaviours in prevention programs. 
Nevertheless, minimizing computer use to 30 minutes or less per day is difficult to obtain 
and/or retain, given the gaining popularity of computers (30). So prevention and research 
should focus on how computer use can somewhat be limited and on opportunities to 
combine computer use with physical activity.
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Dietary behaviours as fruit intake, vegetables intake, intake of sugared drinks and snacks 
is not associated with an increase in BMI-sds. These results are partially in line with 
other studies that find inconsistent findings regarding dietary behaviours and overweight 
(12, 14). However, a recent double blind, randomized, controlled trial by de Ruyter 
et al. showed that replacing sugar-containing beverages with non-caloric beverages 
reduces weight gain and fat accumulation in normal-weight children (31). These dietary 
behaviours should be studied over a longer period of time before stronger conclusions 
can be drawn. However, our results regarding fruit consumption require some attention. 
Although not statistically significantly, our results show an inverse association; an 
unfavourable change in fruit consumption (i.e. decrease in fruit intake) leads to a 
decrease in BMI-sds and a favourable change in fruit consumption to an increase in 
BMI-sds. This is partly in line with our cross-sectional study were we found an association 
between eating two or more pieces of fruit and a higher odds for overweight for children 
with a high SES background (32). An explanation for these results could be that children 
eating the recommended two or more pieces of fruit do not automatically eat less energy 
dense foods (such as snacks) as suggested in other studies (33, 34). Fruit is high in sugar 
and calories and fruit consumption could only lead to a reduction in energy intake if fruit 
intake is instead of snack intake (12).

Our findings suggest that a change in just one lifestyle behaviour among children 
measured over a period of three years is not always translated into a change in BMI. 
Of course the duration of the changed behaviour in this period plays a role in this as 
it is not clear when the change started during the period of three years. Changes in 
behaviours probably need to occur for a longer period of time to have an effect in BMI. 
In addition, the extent of the change plays a role as a minimal change in behaviour from 
just meeting the recommendation to just not meeting the recommendation will probably 
show a limited effect on BMI. Changing one behaviour might be insufficient, behavioural 
change in multiple areas might be required to have an effect on BMI. This is supported 
by our results showing that changing more than one behaviour is associated with both an 
increase in BMI and with higher odds of being overweight. Nevertheless, we identified 
that an unfavourable change in breakfast consumption or sport participation does have a 
negative short-term (of three years) effect on BMI.  

Strengths and limitations
Strengths of our study are the high participation rates and the prospective design of the 
study, allowing the demonstration of a possible cause-effect relationship. The measurements 
were executed according to a protocol by trained students within only 3 weeks and most 
of the parents filled in an extensive questionnaire, so data about socio-demographic 
characteristics, EBRB’s and social (home) environment were available. 
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Nevertheless there are a few limitations of this study. The use of questionnaires on EBRB’s, as 
in other monitoring studies, can possibly lead to issues of social desirability and to difficulties 
with recalling the actual behaviour of the child in the past month. This could lead to an 
underestimation of the EBRB’s. In reality, the found associations might be stronger. Another 
limitation could be the dichotomisation of the EBRB’s; this may reduce the sensitivity of the 
data. The amount of missing values for standards on the EBRB’s was quit high. Although 
it is assumed that using multiple imputation avoids biased results when having missing 
values not completely at random (35), the amount of missing values in our data might imply 
that parents experienced difficulty answering some of the questions. Caution is warranted 
when generalizing our results, as the children that participated in this study were not 
representative for all children in the city of Zwolle, despite high participation rates. When 
comparing our population with the population from the children monitor 2006 in Zwolle 
(aged 0-12 year), children from low and middle SES families were underrepresented. 
This selective participation could have an impact on the studied associations, making the 
observed associations possibly weaker. Moreover, possible selection bias can occur when 
especially children with healthy EBRB’s in 2006 participate in the second measurement. 
Comparing all children from group 1 through 5 participating in the ChecKid 2006 study 
with the selected children in this longitudinal study shows some differences in EBRB’s. 
Although most differences were small (between 0.7% and 6.3%, with an outlier for outside 
play of 15.5%), the selected children in the longitudinal study behaved overall a little 
healthier. Although we should be cautious, due to these small differences it is unlikely that 
selection bias had occurred.  

Implications for research and practice
We identified important targets for childhood overweight prevention. More insight is 
needed in what causes an unfavourable change in breakfast and sport participation so we 
know how to prevent children from making these unfavourable changes. Also more insight 
is needed into how to reduce TV viewing to less than 1.5 hour per day and computer use 
to less than 30 minutes at an early age, since maintaining this behaviour has an effect on 
an increase in BMI. Nevertheless, it is probably untenable that children will be using the 
computer for 30 minutes or more per day. Therefore, the focus in prevention should be on 
how computer use can somewhat be limited and on opportunities to combine computer 
use with physical activity. Further long-term prospective (longitudinal) research is necessary 
to get more insight in the cause-effect relationship between EBRB’s and weight gain. Also, 
insight in the determinants of breakfast consumption, sport participation, TV viewing and 
computer use, especially in children with a low SES background, can provide directions 
for the development of tailored interventions to possibly reduce childhood overweight and 
to reduce health inequalities. 
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Conclusions
The results of this study show that within a period of three years in primary school children 
various energy-balance related behaviours deteriorate unfavourably, especially vegetables, 
fruit and snack consumption and (game) computer use. Interventions should be tailored on 
children with a low SES background as they show more overweight, a higher increase in 
BMI, show more unhealthy lifestyle behaviours and more unfavourable changes in lifestyle 
behaviours than children with a middle and high SES background. As more than one hour of 
TV viewing and more than thirty minutes of computer use in both years and an unfavourable 
change in breakfast consumption and sport participation is associated with an increase in 
BMI, it seems promising to target childhood overweight prevention interventions at these 
lifestyle behaviours. The presented results also show that weight change is probably due 
to a combination of unfavourable behaviours and unfavourable changes in behaviours. 
Therefore, interventions should focus on several behaviours simultaneously. 



105

6

Changes in energy balanced related behaviours associated with changes in body mass 
index and weight status among primary school children in the Netherlands: a cohort study

Reference list

1. Ebbeling CB, Pawlak DB, Ludwig DS. Childhood obesity: public-health crisis, common sense cure. 
The Lancet 2002;360:473-80.

2. Puder JJ, Munsch S. Psychological correlates of childhood obesity. Int J Obes (Lond). 2010 Dec;34 
Suppl 2:S37-43.

3. Jackson-Leach RL, Lobstein T. Estimated burden of paediatric obesity and co-morbidities in Europe. 
Part 1. The increase in the prevalence of child obesity in Europe is itself increasing. Int J Pediatr 
Obes 2006;1:26-32.

4. Wabitsch M. Overweight and obesity in European children: definition and diagnostic proce-
dures, risk factors and consequences for later health outcome. Eur J Pediatr. 2000 Sep;159 Suppl 
1:S8-13.

5. Must A, Strauss RS. Risks and consequences of childhood and adolescent obesity. Int J Obes Relat 
Metab Disord. 1999 Mar;23 Suppl 2:S2-11.

6. Deshmukh-Taskar P, Nicklas TA, Morales M, Yang SJ, Zakeri I, Berenson GS. Tracking of over-
weight status from childhood to young adulthood: the Bogalusa Heart Study. Eur J Clin Nutr 
2006;60:48-57.

7. Yang X, Telama R, Leskinen E, Mansikkaniemi K, Viikari J, Raitakari OT. Testing a model of phys-
ical activity and obesity tracking from youth to adulthood: the cardiovascular risk in young Finns 
study. Int J Obes (Lond). 2007 Mar;31(3):521-7.

8. World Health Organization. Obesity: preventing and managing the global epidemic: report of a 
WHO consultation. Geneva, Switzerland: WHO1999 Contract No.: 894.

9. Kremers S, Visscher T, Seidell J, van Mechelen W, Brug J. Cognitive determinants of energy bal-
ance-related behaviours. Sports Med. 2005;35(11):923-33.

10. van der Horst K, Oenema A, Ferreira I, Wendel-Vos W, Giskes K, van Lenthe F, et al. A systematic 
review of environmental correlates of obesity-related dietary behaviors in youth. Health Educ Res. 
2007 Apr;22(2):203-26.

11. World Health Organisation. Diet, nutrition and the prevention of chronic diseases: report of a 
joint WHO/FAO expert consultation. Geneva, Switzerland: WHO2003 Contract No.: 916.

12. Newby PK. Are dietary intakes and eating behaviors related to childhood obesity? A comprehen-
sive review of the evidence. J Law Med Ethics. 2007 Spring;35(1):35-60.

13. Nagel G, Wabitsch M, Galm C, Berg S, Brandstetter S, Fritz M, et al. Determinants of obesity in 
the Ulm Research on Metabolism, Exercise and Lifestyle in Children (URMEL-ICE). Eur J Pediatr. 
2009 Oct;168(10):1259-67.

14. van Stralen MM, te Velde SJ, van Nassau F, Brug J, Grammatikaki E, Maes L, et al. Weight 
status of European preschool children and associations with family demographics and energy 
balance-related behaviours: a pooled analysis of six European studies. Obes Rev. 2012 Mar;13 
Suppl 1:29-41.

15. de Jong E, Visscher TL, HiraSing RA, Heymans MW, Seidell JC, Renders CM. Association be-
tween TV viewing, computer use and overweight, determinants and competing activities of screen 
time in 4- to 13-year-old children. Int J Obes (Lond). 2013 Jan;37(1):47-53.

16. CBS. Bevolking; ontwikkeling in gemeenten met 100 000 of meer inwoners. [Population; devel-
opment in municipalities with 100 000 inhabitants or more]. Heerlen, the Netherlands: Statistics 
Netherlands (CBS)2012.

17. Van Koperen TM, Jebb SA, Summerbell CD, Visscher TL, Romon M, Borys JM, et al. Character-
izing the EPODE logic model: unravelling the past and informing the future. Obes Rev. 2013 
Feb;14(2):162-70.

18. de Jong E, Schokker DF, Visscher TL, Seidell JC, Renders CM. Behavioural and socio-demographic 
characteristics of Dutch neighbourhoods with high prevalence of childhood obesity. Int J Pediatr 
Obes. 2011 Aug;6(3-4):298-305.



106

Chapter 6

19. Fredriks AM, van Buuren S, Wit JM, Verloove-Vanhorick SP. Body index measurements in 1996-7 
compared with 1980. Arch Dis Child. 2000 Feb;82(2):107-12.

20. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition for child over-
weight and obesity worldwide: international survey. BMJ Clinical research. 2000;320:1240-3.

21. Cole T, Flegal K, Nicholls D, Jackson A. Body mass index cut offs to define thinness in children 
and adolescents: international survey. BMJ Clinical research 2007;335:194.

22. CBS. Statistisch jaarboek 2000. Heerlen, the Netherlands: Statistics Netherlands (CBS); 2000.
23. Voedingscentrum. Gezond eten Gezond bewegen met kinderen van 4-8 jaar (Healthy eating He-

althy physical activity with children aged 4-8 years). The Hague, the Netherlands: Dutch Nutrition 
Centre (Voedingscentrum).

24. Voedingscentrum. Zó gezond! Gezond eten en bewegen met kinderen van 9-12 jaar (Só healthy! 
Healthy eating and physical activity with children aged 9-12 years). The Hague, the Netherlands: 
Dutch Nutrition Centre (Voedingscentrum).

25. Kemper HCG, Ooijendijk WTM, Stiggelbout M. Consensus over de Nederlandse norm voor ge-
zond bewegen [Consensus about the Dutch standard for healthy exercise]. TSG. 2000;78(3):180-
3.

26. de Jong E, Visscher TLS, HiraSing RA, Heymans MW, Seidell JC, Renders CM. Association be-
tween TV viewing, computer use and overweight, determinants and competing activities of screen 
time in 4- to 13-year-old children. Int J Obes. 2011.

27. Mesas AE, Munoz-Pareja M, Lopez-Garcia E, Rodriguez-Artalejo F. Selected eating behaviours 
and excess body weight: a systematic review. Obes Rev. 2012 Feb;13(2):106-35.

28. Biddle SJ, Gorely T, Stensel DJ. Health-enhancing physical activity and sedentary behaviour in 
children and adolescents. J Sports Sci. 2004 Aug;22(8):679-701.

29. Prentice-Dunn H, Prentice-Dunn S. Physical activity, sedentary behavior, and childhood obesity: a 
review of cross-sectional studies. Psychol Health Med. 2012;17(3):255-73.

30. Vandewater EA, Rideout VJ, Wartella EA, Huang X, Lee JH, Shim MS. Digital childhood: elec-
tronic media and technology use among infants, toddlers, and preschoolers. Pediatrics. 2007 
May;119(5):e1006-15.

31. de Ruyter JC, Olthof MR, Seidell JC, Katan MB. A trial of sugar-free or sugar-sweetened beverag-
es and body weight in children. N Engl J Med. 2012 Oct 11;367(15):1397-406.

32. de Jong E, Visscher TLS, Hirasing RA, Seidell JC, Renders CM. Home environmental determinants 
of fruit and vegetables consumption among children with different SES backgrounds: indications 
for tailored overweight prevention.  2013.

33. Reynolds KD, Franklin FA, Binkley D, Raczynski JM, Harrington KF, Kirk KA, et al. Increasing 
the fruit and vegetable consumption of fourth-graders: results from the high 5 project. Prev Med. 
2000 Apr;30(4):309-19.

34. Slusser WM, Cumberland WG, Browdy BL, Lange L, Neumann C. A school salad bar increases 
frequency of fruit and vegetable consumption among children living in low-income households. 
Public Health Nutr. 2007 Dec;10(12):1490-6.

35. Schafer JL, Olsen MK. Mutiple imputation for multivariate missing-data problems: a data analyst’s 
perspective. Pennsylvania: The Pennsylvania State University1998.



107

6

Changes in energy balanced related behaviours associated with changes in body mass 
index and weight status among primary school children in the Netherlands: a cohort study






