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Abstract
Objective To identify neighbourhoods with increased prevalence of overweight children 
and to examine whether the association between neighbourhood and overweight can be 
explained by demographic characteristics and energy-related behaviours. 

Method This cross-sectional study was carried out among 4,072 primary schoolchildren 
in the city of Zwolle, The Netherlands. Data collection consisted of measured height, 
weight and waist circumference, and a parental questionnaire on socio-demographic 
characteristics, dietary and (in)activity behaviour of their child. With Multivariate Logistic 
regressions, associations between unhealthy behaviours and neighbourhoods (defined by 
postal code) with high and low prevalence of childhood overweight were investigated. 

Results In three neighbourhoods the prevalence of overweight was significantly higher 
(16.5% vs. 10.6%, p < 0.05). The odds of living in these neighbourhoods were higher 
among children watching > 2 h television/day (OR: 1.57; 95% CI: 1.15 – 2.14), not 
eating breakfast daily (OR: 2.86; 95% CI: 1.93 – 4.23), drinking > 3 glasses/day 
sugared drinks (OR: 1.23; 95% CI: 1.01 – 1.50) on weekdays and not participating 
in organized sports (OR: 1.32; 95% CI: 1.09 – 1.59). This odds was however lower 
among children eating < 2 fruit/day (OR: 0.83; 95% CI: 0.69 – 1.00) on weekends. The 
association between neighbourhood and overweight altered slightly after adjustment for 
socio-demographic and behavioural characteristics during weekdays (OR: 1.42; 95% CI: 
1.05 – 1.92) and weekends (OR: 1.50; 95% CI; 1.11 – 2.02). 

Conclusion Three neighbourhoods with higher prevalence of overweight were identified. A 
small part of the association between overweight and neighbourhood is explained by socio-
demographic factors and unhealthy behaviours measured in this study. Neighbourhoods 
with higher overweight prevalence are a priority setting for targeted interventions to 
prevent overweight. The association between neighbourhood and overweight needs to be 
explored further to understand the role the neighbourhood can play in tackling overweight.
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Introduction
Overweight and obesity prevention in children and adolescents is necessary because 
childhood overweight is highly prevalent, increasing (1-3) and associated with a range 
of health conditions such as type 2 diabetes, cardiovascular disease, and psychosocial 
problems (4, 5). Obesity during childhood is a strong predictor for obesity in adolescence 
and adulthood (6, 7) and because most habits are formed early in life, habit strength is 
an important factor in behaviours related to energy balance (8). It is therefore important to 
promote a healthy lifestyle in an early stage during the period of childhood. 

Obesity is caused by a higher energy intake than energy expenditure, resulting in excessive 
weight gain (9). Different energy-balance related behaviours (EBRBs) such as eating 
breakfast, drinking sweet beverages, playing outside, sports, watching TV are related to 
childhood obesity and are targeted for prevention (8). In addition, geographic regions are 
increasingly used as a setting for such prevention programs. Nevertheless, it has not been 
investigated if it is appropriate to target EBRBs on a geographic region level. 

Previous research indicates an association between neighbourhood and overweight. 
Children, adolescents and adults living in deprived neighbourhoods are more likely to 
be overweight than people living in less deprived neighbourhoods (10-12). However, 
the mediators of the association between living in a certain neighbourhood and being 
overweight are not yet fully understood (13). 

Neighbourhood is also associated with dietary and physical (in)activity behaviour. For 
example, children living in neighbourhoods with facilities such as stores selling moderately 
priced fresh products and playgrounds, parks and other recreational facilities, have a 
healthier diet, engage in more physical activities and are less likely to be overweight 
or obese (14). In addition, an increase of these facilities, such as parks, physical fitness 
facilities, sport clubs, swimming pools, is associated with a decrease in overweight and 
an increase of achieving five or more bouts per week of moderate vigorous physical 
activity (15). Nevertheless, research regarding to what extent the association between 
neighbourhood and overweight is explained by individual unhealthy dietary and physical 
activity behaviours and socio-demographic factors, is still missing (13). 

A multi-setting community approach (neighbourhoods, schools, homes, but also businesses, 
restaurants and stores) and multiple small changes made by stakeholders can have additive 
effects and may lead to sustainable changes in behaviour and health (16). Moreover, a 
community approach to prevent overweight seems promising in reaching high-risk groups 
(17). Therefore, high-risk communities and their unhealthy behaviours need to carefully be 
determined in order to develop tailored prevention programmes. 
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The current paper aims: (I) to identify neighbourhoods with a significantly higher prevalence 
of overweight and/or obesity, (II) to identify energy-related behaviours (EBRBs) associated 
with living in these neighbourhoods, and (III) to investigate if these EBRBs explain the 
association between the neighbourhood and overweight including obesity.

Methods
In 2006 a monitoring study to identify high-risk groups and their (un)healthy behaviours, 
entitled ChecKid, was set up in the city of Zwolle, The Netherlands. This monitoring study 
is part of an integrated approach in which quantitative and qualitative monitoring research 
and environmental scans will be performed in order to develop, implement and evaluate 
tailored community interventions. The ChecKid study was carried out among primary 
school children in Zwolle (as a cross-sectional study). Zwolle is one of the major cities in 
the rural north-eastern region of The Netherlands with 114,635 inhabitants in 2007 (18). 

Subjects 
Every primary school in the city (n = 51) was invited to participate in the baseline 
measurements. When a school agreed to be included in the study, all children attending 
the school (aged 4 – 13 yrs) and their parents were invited to participate by means of 
letters distributed via the schools. Of the schools, 80% (n = 41) agreed to participate and 
parent(s) of 65% of children (n = 5,219) gave written informed consent. Another four 
schools (8%) decided to participate in the questionnaires, but not in the anthropometric 
measurements for logistic reasons. Five schools (12%) did not participate, mostly because 
of other priorities. Participating schools were equally spread over all neighbourhoods in 
Zwolle. The ChecKid study was approved by the Medical Committee of the VU Medical 
Centre. 

Measurements 
The baseline measurements of the ChecKid study were performed during three weeks 
in October and November 2006. Trained students measured body height, weight and 
waist circumference using a protocol (19, 20) in 5,035 children. Height and weight were 
measured with a stadiometer and seca digital scale to the nearest 0.1 cm and 0.1 kg. 
During measurements the children wore gym clothing and no shoes. According to protocol, 
measurements were performed twice and the average was calculated. Four percent of 
children from whom informed consent was obtained were not measured, mostly because 
of illness related absence. The children’s BMI cut-off points defined by Cole et al. (21, 22) 
were used to define low BMI, healthy weight, overweight and obesity. 

The questionnaire for parents included socio-demographic variables such as the child’s age, 
gender, postal code, parents’ country of birth, and parents’ educational level. Questions 
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on the child’ s health behaviour during weekdays and weekends and questions concerning 
the parents ’ opinion of the neighbourhood were included. Existing questionnaires on 
health behaviour were used for the design of this questionnaire (23, 24). We adjusted 
a questionnaire (23) according to our study population, as the original questionnaire 
was designed for secondary school students. Moreover we added some questions on the 
physical environment from another questionnaire (24). A total of 4,257 questionnaires 
(81%) were filled out and returned by the parent(s), while another 356 questionnaires were 
added from the four schools that did not participate in the anthropometric measurements, 
resulting in a total of 4,613 questionnaires. For 4,072 children (78% of children with 
informed consent) both anthropometrical data and data from the parental questionnaire 
were available. 

Socio-Economic Status (SES) was classified as low (lower general secondary education, 
lower vocational training and primary school or less), medium (intermediate vocational 
training, higher general secondary training and pre-university education) or high 
(completed higher vocational training and University) based on the highest completed 
education level of both (if available) parents, using the Statistics Netherlands definition 
(25). Neighbourhoods are geographical regions and defined as clusters of postal codes of 
the residential address (postcode reported by parent) and adjacent postal codes, using the 
Statistics Netherlands classification of the neighbourhoods in Zwolle. The neighbourhoods 
of Zwolle have an average population of 6,743 inhabitants. 

In the questionnaire, parents could indicate their country of birth in the categories: ‘The 
Netherlands’, ‘Turkey’, ‘Morocco’, ‘Surinam’, ‘Netherlands Antilles’ or ‘other country’, as 
in Zwolle most immigrants are from Turkey, Morocco, Surinam or Netherlands Antilles. A 
total of 5.4% of the children had one or both parent(s) born in an ‘other country’. We do 
not know the specific origin of these people. According to the percentages presented by 
the city council 8.6% are non-Western and 6.5% are Western immigrants (26). Because 
in our study we found that 7.3% of the immigrants were from Turkey, Morocco, Surinam 
or Netherlands Antilles (non-Western) we have assumed that the 5.4% of the children that 
had one or both parent(s) born in an ‘other country’ were mainly from Western origin. 
Therefore we dichotomized ethnicity as non-Western background (one or both parents 
born in Turkey, Morocco, Surinam, Netherlands Antilles) versus Dutch (both parents born 
in The Netherlands or in a country not specified). 

Parents indicated the frequency (number of week and weekend days) of eating breakfast, 
frequency and number of glasses per day of fruit juice and cordial, soft drinks (excluding 
diet soft drinks) and sweetened dairy drinks, the frequency and amount of fruit consumption 
and the frequency of eating vegetables for dinner (24). For the physical (in)activity items: 
playing outside, participation in organized sports, watching television/video/DVD and 
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using the (game) computer, parents were questioned on mean number of days per week and 
per weekend their child was physical (in)active. Subsequently, they were asked about the 
mean duration of the (in)activity item per day (23). Parents indicated duration of physical 
(in) activity on an average day in five categories: < 0.5 h, 0.5 – 1 h, 1 – 2 h, 2 – 3 h, > 3 
h. The average number of glasses sugared drinks and pieces of fruit per day was calculated 
by multiplying the number of days per week or per weekend the child drank or ate fruit by 
number of glasses/pieces per day, this was then divided by the total number of weekdays or 
days in weekend. To calculate the average time spent on the activities per week or weekend, 
the number of days per week or weekend the child spent time on activities was multiplied by 
the mid-category values of the duration of the activity per day. This was then divided by the 
total number of week- or weekend days and categorised as average time per day. For the 
highest category (> 3 h) 210 min was used as ‘mid-category value’. 

Nutritional behaviours were dichotomized according to the recommendations of the Dutch 
Nutrition Centre: eating breakfast every day, eating at least two portions of fruit a day and 
consuming some vegetables daily (27, 28). Consumption of sugared drinks (total of fruit 
juice and cordial, soft drinks and sweetened milk drinks) was dichotomized as ≤ 3 and > 
3 glasses per day. TV viewing was dichotomized as ≤ 2 or > 2 h per day (29). This same 
cut-off was used for computer use and total screen time (TV + computer). Activity items were 
dichotomized according to the Dutch standard for exercise for children: playing outside at 
least one hour a day, and being involved in organized sports for at least 30 min at least 
twice a week (30). Involvement in organized sports was dichotomized as < 1 or ≥ 1 h per 
week (7 days).

Statistical analyses 
Statistical analyses were performed using SPSS for Windows, version 14.0 (SPSS Inc., 
Chicago). Neighbourhoods that, based on Chi-square tests, had statistically significant 
increased levels of overweight and obesity compared to the rest of Zwolle were labelled 
as ‘neighbourhoods with increased levels of overweight’. Differences in frequency of (un)
healthy behaviours were also compared between neighbourhoods where the prevalence 
of overweight was highest versus the other neighbourhoods by means of Chi Square tests. 
Further, multivariate logistic regression analyses were performed to study associations 
between weight status and neighbourhoods with adjustment for age and gender. To 
explore the potentially confounding effect of SES and ethnicity on the association between 
neighbourhood and obesity and neighbourhood and unhealthy behaviours, these analyses 
were performed with and without adjustment for individual SES and ethnicity. Differences 
in Odds Ratio for overweight (including obesity) when adjusted for socio-demographic 
characteristics and unhealthy behaviours were explored to examine the effect of behaviours, 
SES and ethnicity on the association between overweight/ obesity and neighbourhood. A 
p-value below 0.05 was considered statistically significant.
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Results 
In total, 9.9% of the children were overweight and 1.8% children were obese. Participants 
resided in 17 neighbourhoods and the number of participants per neighbourhood ranged 
from 20 – 930 children. The mean age of the entire study population was 8.1 years, 
ranging from 4.0 – 13.2 years. Across neighbourhoods, the prevalence of overweight 
including obesity ranged from 4.7 – 17.7%. In three neighbourhoods the prevalence of 
overweight and/or obesity in children was statistically significantly higher compared to 
the average prevalence of overweight and obesity in other neighbourhoods (16.5% vs. 
10.6%) (Figure 1). Significantly more children living in ‘neighbourhoods with increased 
levels of overweight’ came from low and medium SES families and had parents born in 
a non-Western country (Table I). In neighbourhoods where the prevalence of overweight 
was highest, fewer children met the standards for breakfast, sugared drinks and TV 
viewing on a weekday compared to children living in other neighbourhoods (p < 0.001). 
Children in ‘neighbourhoods with increased levels of overweight’ were also less involved 
in organized sports throughout the week (p < 0.001). On weekends fewer children met 
the recommendations for sugared drinks and TV viewing than children living in other 
neighbourhoods (respectively p < 0.05; p < 0.001). In contrast, more children living in 
neighbourhoods where the prevalence of overweight was highest met the standard for fruit 
on weekends (p < 0.05), although when adjusted for ethnicity, these differences were not 
statistically significant anymore. Children with one or both parents born in a non-Western 
country were more often overweight and/or obese (24.1%) than children with parents with 
a Dutch background (10.9%). 

Figure 1. The prevalence of overweight and obesity in the neighbourhoods of Zwolle (n = 4,045). 
* Prevalence of overweight, obesity or overweight including obesity differs significantly with the rest 
of the city (p < 0.05). ** Average prevalence of overweight including obesity. 
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Overweight and/or obesity was more common in girls than in boys and in children from 
families with a relatively low or medium SES compared to high SES, independent of other 
socio-demographic variables, for both boys and girls (p-value for interaction term: 0.39). 
Overweight and/or obesity rates were similar across age categories after adjustment 
for the other demographic variables. The odds of living in a neighbourhood with high 
levels of overweight and obesity were higher among children who did not meet the 
recommendations for eating breakfast, sugared drinks, watching television, screen time 
(all four on a weekday) and participating in organised sports throughout the week (Table 
II). On weekends, the odds of living in a neighbourhood with high levels of overweight 
and obesity did not differ significantly between children that did or did not meet the 
recommendations for nutrition and physical (in)activity except for the recommendation for 
eating fruit (OR 0.83; 95% CI: 0.69 – 1.00) (Table II). 
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Table I. Characteristics of the study population

Neighbourhoods with increased 
levels of overweight 1 (n = 740)

Other neighbourhoods 
(n = 3,332) P2

Age in years, mean (SD) 8.1 (2.4) 8.0 (2.3) .76

Gender (%) .46
  boys 48.0 49.5
  girls 52.0 50.5

Socio-economic status (%) <.001
  Low 15.4 7.3
  Medium 38.8 33.5
  High 45.8 59.2

Ethnicity (%) <.001
  Dutch background 87.6 96.0
  Non-western background 12.4 4.0

Weight status (%) <.001
  Low BMI 7.4 8.3
  Healthy weight 76.1 81.0
  Overweight 12.3 9.4
  Obesity 4.2 1.2

Nutrition: not meeting the standards on weekdays (%)
  Breakfast < 5 days 8.5 2.1 <.001
  Sugared drinks > 3 gl/day 41.7 34.2 <.001
  Fruit < 2 portions/day 65.0 67.2 .27
  Vegetables < 5 days/week 37.8 34.4 .09

Physical (in)activity: not meeting the standards on weekdays (%)
  TV viewing > 120 min/day 10.2 5.5 <.001
  Computer use > 120 min/day 1.6 0.8 .07
  Total screen time > 120 min/day 24.2 18.5 .001
  Playing outside < 60 min/day 68.4 66.2 .25

Physical (in)activity: not meeting the standards throughout the week (%)
  Organised sports < 1 hr/7 days 47.8 38.8 <.001

Nutrition: not meeting the standards on weekends (%)
  Breakfast < 2 days/weekend 3.4 2.3 .08
  Sugared drinks > 3 gl/day 46.6 41.1 .02
  Fruit < 2 portions/day 64.1 68.6 .03
  Vegetables < 2 days/weekend 42.9 43.2 .88

Physical (in)activity: not meeting the standards on weekends (%)
  TV viewing > 120 min/day 25.7 19.6 <.001
  Computer use > 120 min/day 6.3 4.6 .06
  Total screen time> 120 min/day 45.7 43.9 .38
  Playing outside < 60 min/day 39.8 37.4 .22

1  ‘Neighbourhoods with increased levels of overweight’ are defined as the three neighbourhoods with 
highest overweight and obesity prevalence rates.

2  p-value for difference between ‘Neighbourhoods with increased levels of overweight’ and other 
neighbourhoods
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The three neighbourhoods where the prevalence of overweight was highest were compared 
to the other neighbourhoods. The odds of being overweight or obese among those 
living in these three neighbourhoods were 66% higher than for children living in other 
neighbourhoods. Table III shows to what degree this increased OR could be explained by 
socio-demographic variables and health related behaviours. After adjustment for socio-
demographic variables (age gender and SES) the OR decreased to 1.48 (95% CI: 1.17 
– 1.88). When adjusted for unhealthy behaviours on weekdays and socio-demographic 
variables together, the OR further decreased to 1.42 (95% CI: 1.05 – 1.92). After 
adjustment for unhealthy behaviours on weekends and socio-demographic variables the 
OR for overweight and/or obesity in children living in ‘neighbourhoods with increased 
levels of overweight’ was 1.50 (95% CI: 1.11 – 2.02)

Table II. Odds ratio of living in a ‘neighbourhood with increased levels of overweight’ for unhealthy 
behaviours during weekdays and weekends.

Behaviours weekdays Behaviours weekends
OR1 95%-CI OR1 95%-CI

Breakfast < everyday 2.86 1.93-4.23 0.83 0.48-1.46
Sugared drinks > 3 gl/day 1.23 1.01-1.50 1.19 0.98-1.44
Fruit < 2 portions/day 0.93 0.77-1.12 0.83 0.69-1.00
Vegetables < everyday 1.08 0.91-1.29 0.89 0.75-1.07
TV viewing > 120 min/day 1.57 1.15-2.14 1.22 0.99-1.50
Computer use > 120 min/day 1.53 0.70-3.36 1.24 0.84-1.82
Total screen time > 120 min/day 1.28 1.03-1.59 0.99 0.83-1.19
Playing outside < 60 min/day 1.14 0.95-1.38 1.06 0.95-1.35

Behaviour throughout the week
Sports < 1 hr/7 days 1.32 1.09-1.59

1 OR = Odds Ratio, ORs are adjusted for age, gender, SES and ethnicity. 

Table III Association between overweight and neighbourhood. 

OR1 95%-CI

Model 1: overweight including obesity 1.66 1.33-2.08
Model 2: adjusted for age, gender, SES and ethnicity 1.48 1.17-1.88
Model 3a:  adjusted for age, gender, SES, ethnicity and unhealthy be-

haviours weekdays 1.42 1.05-1.92

Model 3b:  adjusted for age, gender, SES, ethnicity and unhealthy be-
haviours weekends 1.50 1.11-2.02

1 OR is for overweight including obesity. 
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Discussion
Three neighbourhoods in Zwolle have been labelled as ‘neighbourhoods with increased 
levels of overweight’, based on relatively high prevalence rates of overweight including 
obesity in children. Children in these three neighbourhoods are more likely to watch 
television more than two hours on weekdays, not to have breakfast on a daily basis and 
are less likely to participate in organized sports.  However, they are more likely to eat 
more than two pieces of fruit a day on weekends. The unhealthy behaviours we measured 
on weekdays and weekends and also socioeconomic status and ethnicity are only a 
partial explanation for the higher rates of overweight and obesity in children living in 
‘neighbourhoods with increased levels of overweight’. 

The results in this study show different associations between neighbourhoods and unhealthy 
behaviours on weekdays and weekends. While watching too much television and not eating 
breakfast on a weekday is associated with living in ‘neighbourhoods with increased levels 
of overweight’, this association is not statistically significant in weekends. Nevertheless, the 
prevalence of not meeting the recommendations for TV viewing and breakfast is higher for 
children living in ‘neighbourhoods with increased levels of overweight’ than for children 
living in other neighbourhoods. During the weekend, only meeting the recommendation 
for eating fruit is significantly more common among children living in ‘neighbourhoods 
with increased levels of overweight’. This larger fruit consumption on weekends might 
possibly be explained by cultural differences in eating habits (31) as in these particular 
neighbourhoods more children had one or both parents born in a non-Western country. 
Childhood obesity in this study is also highly prevalent in children with a non-Western 
background, as supported by national data (32), indicating that it is important to take 
socio-cultural differences into account in future research on the prevention of overweight. 

This study indicates that other factors besides behavioural and socio-demographic characteristics 
explain the higher rates of overweight and obesity in children living in ‘neighbourhoods with 
increased levels of overweight’. These factors may be the children’s physical and social 
environment (33-35), job position and income of the parents (the other components of SES). 

We realize that prevalence of childhood overweight and prevalence of unhealthy behaviours 
in Zwolle are relatively small compared to other cities in The Netherlands, and especially with 
numbers from other European countries and the US. Nevertheless, we would like to emphasize 
the value of our results that show that high risk neighbourhoods are an important setting for 
targeting prevention activities and these should not only target unhealthy behaviours. An 
area of further research is to identify what in the environment within these neighbourhoods is 
driving obesity specifically. If we do not focus on these high-risk neighbourhoods by means of 
prevention programmes, prevalence of overweight and obese children and/or children with 
unhealthy behaviour will probably increase to the same high levels as elsewhere presented. 
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The strengths of our study are the high participation rates and the equal spread of participating 
schools across one city in The Netherlands. In addition, all children were measured within 
only three weeks and were measured according to protocol. Most of the parents completed 
an extensive questionnaire. Nevertheless, there are a few limitations of this study. The 
children who participated in this study were not representative for all children in the city of 
Zwolle, despite high participation rates. Children from low and middle SES families were 
underrepresented (36). The prevalence of overweight and obesity in the ChecKid study 
was lower than measured by the local health services’ monitoring system: the local health 
services measured most children of grade 2 and 7 in the period September 2006 until June 
2007 and found 12% of children to be overweight and another 3.4% obese, compared 
to respectively 8.4% and 1.7% of grade 2 and 7 children in this study. In addition, the 
children whose parents did not return the questionnaire were more often overweight or 
obese than children whose parents did return the questionnaire. However, the selective 
non-response does not necessarily affect the differences and associations found between 
neighbourhoods and SES categories. As with all questionnaire-based surveys, there are 
problems with potential social desirability bias in the responses and the inherent difficulties 
of recalling the behaviours of the child over the previous month. However, all parents filled 
out the same questionnaire, thereby allowing comparison between the groups. Another 
limitation is the definition of SES by using only parental educational level. Data on other 
indicators for SES (job position and income) was not available. However, educational level 
of parent(s) correlates with SES overall (based on the three indicators) and is associated 
with parental knowledge, lifestyle and habits (37). 

Epidemiological monitoring data as used in this study can help to prioritize behaviours to 
be targeted in neighbourhoods in which obesity rates are increased and to systematically 
develop tailored interventions. The steps to be taken next will be to integrate the presented 
information with practical experiences of stakeholders (such as social workers, youth healthcare 
doctors, teachers and local policy makers) to identify relevant and realistic aims for these 
tailored interventions. Moreover, environmental determinants of health behaviour and obesity 
in the neighbourhoods have to be studied to further understand the role of living in a certain 
neighbourhood. The ANGELO framework (38) and the EnRG framework (8) are useful tools in 
the dissection of settings and environmental types and determinants of health behaviour. 

Combining all this information should lead to a tailored integrated approach that targets 
both the (physical and social) environment and individual behaviour, matches the needs 
of the  community and is aimed at stimulating healthy behaviour in children in the 
neighbourhood. Close monitoring and evaluation of this process and the effectiveness will 
take us a step closer towards evidence based obesity prevention.
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Conclusion 
Only a small part of the association between overweight and neighbourhood is explained 
by the socio-demographic factors and unhealthy behaviours that we measured in this study.  
Epidemiological monitoring data helps to prioritize action in the systematic developments of tailored 
interventions for neighbourhoods in which overweight rates are increased and determinants of 
overweight are highly prevalent. Based on the results of this study, neighbourhoods with higher 
levels of overweight and/or obesity are a priority setting for interventions to promote healthy 
nutrition and physical activity behaviour and to prevent overweight.
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