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GENERAL INTRODUCTION

Area inequalities in health have become an important research topic in the field of public health. 

Considerable evidence from several countries indicates that mortality, morbidity, and health (be-

haviour) differ across deprived and non-deprived areas (see reviews1,2 for overview). These ine-

qualities in health between deprived and non-deprived areas have increased in the last decades 

(e.g.3-7). In Scotland, for instance, very large inequalities in self-rated health are found between 

those living in the most deprived areas (40% probability of reporting poor health around age 66) 

and those living in the most non-deprived areas (40% probability of reporting poor health around 

age 83).7 In the Netherlands, similarly large area inequalities in health are found. Individuals 

living in the most deprived districts report poorer general health (odds ratio (OR) 1.39), more 

obesity (OR 1.16), asthma (OR 1.33), and diabetes (OR 1.54) compared to individuals living in 

other districts in the same towns.8 

The frequently found health inequalities between deprived and non-deprived areas are large-

ly accounted for by socio-demographic differences between populations (e.g.1,9). The processes 

underlying the unequal distribution of health across geographical areas, which is not accounted 

for by individual, compositional characteristics, are still far from clear. There are two possible 

explanations for the remaining area inequalities in health: selective migration and specific social 

and physical characteristics of the area (contextual explanation). In this thesis both explanations 

will be further investigated. Furthermore, there is scarce evidence on the extent to which policies 

and interventions aimed to change area characteristics are effective in improving the health of 

residents and reducing area inequalities in health. In response to this knowledge gap, we exam-

ined in this thesis whether a Dutch large-scale area-based initiative (ABI; hereafter called the Dis-

trict Approach), aimed at improvement of the livability of an area as well as improvement of the 

socio-economic position of the inhabitants have a positive effect on health and health behaviour.   

The introduction starts with a presentation of the objectives. Next, an explanation for the impact 

of selective migration on observed area inequalities in health is given, followed by an elaboration 

on how specific neighbourhood characteristics investigated in this thesis are thought to have 

an impact on health. We then describe the context of a Dutch large-scale ABI. Subsequently, 

the research questions addressed in this thesis are described. Finally, a short description of the 

datasets used in this thesis is given, followed by an overview of the data and design used in each 

study.  
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Objectives of this thesis

The first main objective of this thesis was to evaluate whether inequalities in health between 

deprived and non-deprived neighbourhoods are influenced by selective migration. This objective 

is important because if selective migration is to be responsible for a – large − part of the existent 

neighbourhood inequalities in health this would suggest that the neighbourhood environment 

itself only has a weak influence on the health outcomes of the residents.  

 

The second main objective of this thesis was to identify if changes in specific characteristics 

of the neighbourhood environment influence health outcomes in the Netherlands. In this the-

sis eight characteristics of the neighbourhood environment were investigated, i.e. traffic safety, 

green space, social cohesion, parking facilities, general safety (fear of crime), physical disorder, 

social disorder, and criminal victimisation. These associations were investigated for subgroups of 

sex, age, employment status, and duration of residence.

The third main objective of this thesis was to investigate whether the District Approach did im-

prove health outcomes in the 40 most deprived districts of the Netherlands (hereafter called the 

target districts). While the previous main objective was to examine the effect of changes in spe-

cific characteristics in the neighbourhood environment on health outcomes, this objective was to 

investigate the actual impact on health outcomes of complex area-based interventions attempt-

ing to ameliorate problems with housing conditions and residential environment, employment, 

educational level, social cohesion, and safety in the 40 target districts. These associations were 

investigated for subgroups of sex, intensity of ABI efforts, and investments in the neighbourhood 

environment versus the socio-economic circumstances of individual residents.

For all main objectives, the associations examined were adjusted for sex and age only, and with 

additional adjustment for other potential socio-demographic confounders (household composi-

tion, ethnicity, education, and household income). 
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In summary, the main objectives of this thesis are to assess whether:

•	  Inequalities in health between deprived and non-deprived postal code areas can be 

explained by selective migration.  

•	  Changes in specific neighbourhood characteristics influence health outcomes of neig-

hbourhood residents.

•	  The District Approach has a significant effect on health outcomes in the 40 most de-

prived districts of the Netherlands.

The ultimate aim of this thesis is to assess the potential of ABI’s to improve the health of disad-

vantaged populations. 

Part one: Migration and neighbourhood inequalities in health

A number of studies reported that area inequalities in health are largely the result of differences 

between populations living in these areas (compositional explanation).1 However, area inequal-

ities are not completely explained by differences in the composition of the population. The re-

maining area inequalities in health might be explained by selective migration (e.g.10-13). Migrants 

are defined as those who moved between deprived and non-deprived areas within a country, 

whereas non-migrants are defined as those who stayed in deprived or non-deprived areas, in-

cluding those who made intra-deprived or intra-non-deprived moves. Migration is selective on 

health if different flows of migrants carry different health-risks. Migration influences the health 

inequalities between areas if residents migrating to less deprived areas have better health than 

those who stay in deprived areas, while residents migrating to more deprived areas have worse 

health than those who stay in non-deprived areas. 

A number of studies have examined whether and how geographical variations in health as ob-

served at a certain point in time are influenced by migration flows, with conflicting results.10-20 

Most of them reported that selective migration tends to enlarge area inequalities in health to 

a small or large extent.10,12,14-16,20 However, other studies found that selective migration does not 

enlarge area inequalities in health.11,13,15,17-19 

The majority of these studies have been conducted in the United Kingdom. It is possible that 

differences exist between countries with regard to the impact of migration on area inequali-

ties in health, as the direction, the strength, and the health status of migration flows can differ 

between countries. Results from a Dutch study11 suggest that area inequalities in health in the 
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Netherlands are not influenced by selective migration flows. This study can, however, not be gen-

eralised to the rest of the Netherlands, as it was conducted in one Dutch city (i.e. Eindhoven).11 

Therefore, more Dutch studies are needed on a representative sample of the Dutch population 

to investigate whether and how area inequalities in health are influenced by migration flows 

using different health outcomes. 

Part two: The impact of specific neighbourhood characteristics on health out-

comes

Interest in neighbourhood effects on health has grown extensively over the past 15 years.21 

The interest in neighbourhoods and health has been driven by an increasing awareness that 

individual-based explanations of the causes of poor health are insufficient and fail to capture 

important disease determinants. In addition, address individual determinants turns out to be 

quite difficult and interventions tend to be less effective among lower socio-economic groups, 

increasing inequalities (e.g.22). Neighbourhoods have become apparent as a potentially relevant 

context because of the physical and social characteristics which could plausibly affect the health 

of individuals.21 These neighbourhood characteristics may influence health directly or indirect-

ly.23 Indirect pathways may include constrains on, or enhancement of, health related behaviour 

or mechanisms involving experienced stress (e.g.24), powerlessness,25 fear of crime,26 and the 

protective effects of social connections (including social cohesion).21 

Research has consistently reported that a significant proportion of health inequalities is related 

with area context independently of individual characteristics.1,2 The majority of these studies 

had a cross-sectional design, which limits ascribing causality. A review2 found that area effects, 

although significant in most studies, often depend on both the health outcome and the area 

characteristic studied. This emphasises the importance for researchers to elaborate on how and 

why specific area characteristics are thought to have an impact on health, and assess the impor-

tance of these causal pathways. 

In this part of the thesis, we chose to focus on physical activity and mental health, because these 

health indicators can reasonably be expected to be affected by changes in specific neighbourhood 

characteristics over a relatively short period of time. Not much research has been performed on 

the mechanisms that link the area environment to physical activity and mental health.27 We con-

sidered it plausible that the specific features of the neighbourhood environment investigated in 

this thesis (i.e. traffic safety, green space, social cohesion, parking facilities, general safety (fear 

of crime), physical disorder, social disorder, and criminal victimisation) would be relevant to phys-
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ical activity and/or mental health, based on the following research. Powerlessness25 and fear of 

crime26 are suggested causal pathways linking neighbourhood disorder (physical and social dis-

order) to mental health. Fear of crime is also a mechanism in the relationship between criminal 

victimisation and mental health.28 With regard to physical activity, green spaces in one’s neigh-

bourhood may positively impact physical activity through stress reduction.24,29-31 Social disorder 

and fear of crime, on the other hand, may negatively impact physical activity through an increase 

in stress which is known to be associated with lower levels of physical activity.30,32 Furthermore, 

we expect that a clean and intact neighbourhood - absence of physical disorder - stimulates more 

time spent outdoors and hence physical activity, because individuals are motivated to be physi-

cally active in aesthetically attractive environments.33-35 Observing others being physically active 

is associated with higher levels of physical activity,36 thus when residents are more close-knit they 

might be more inclined to adopt healthy norms of behavior such as physical activity than those 

living in less cohesive neighbourhoods.37 This might explain why social cohesion has been related 

to more healthy behaviour, such as more physical activity (e.g.38). A previous study39 has suggest-

ed that neighbourhoods with low traffic safety (e.g. high average speed) and high traffic volume 

may have more air pollution and stench nuisance, which in turn may negatively affect local PA. 

In addition, traffic safety may influence physical activity directly because residents would restrict 

physical activity in their local environment if they perceive traffic to be unsafe. A Dutch study40 

suggests that in neighbourhoods with limited parking facilities fewer residents are car owners 

compared to neighbourhoods with more parking facilities, which results in more transport-relat-

ed physical activity in the first neighbourhoods.     

Part three: The impact of a Dutch large-scale area-based initiative on health 

outcomes

Internationally, ABI’s started by governments to address spatially clustered social, economic, 

and environmental problems in more deprived, urban, neighbourhoods, became very popular 

during the 1990s, although its origin in the UK dates back to the 1960s. Although, a number of 

large-scale ABI’s have been implemented in various parts of the world,41-44 evidence on the effec-

tiveness of ABI’s is often inadequate because evaluation is complex, for example due to lack of 

baseline data or limited resources to trace and study changes over time.45 In order to reduce the 

gap between the poorest neighbourhoods in the UK and the rest of the country and to provide 

more robust evidence, the UK government launched an intensive ABI in 1998: the New Deal for 

Communities Programme, which was to be a long-lasting programme (10 years).45
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Concerns about health inequalities have also a long history in the Netherlands.46 In the seventies 

and eighties there was an urban renewal project in many Dutch cities which especially focused 

on physical improvements.47 In 1994, health inequalities and health disadvantage received a new 

impulse when the Dutch government instigated a large-scale ABI – called the Big city policy (BCP) 

- to cope with social, economic, and physical problems in the four largest Dutch cities in an inte-

gral and area-based way.48 Later on, this initiative was extended to include 32 large and medium 

large municipalities.

A window of opportunity to investigate the impact of a Dutch large-scale ABI on health outcomes 

was opened by the decision taken by the Dutch government in 2007, to invest in 40 ‘problem’ 

districts.49 The aim of this comprehensive large-scale ABI - called the District Approach - was to 

increase the livability of the districts focusing on problems with housing and residential environ-

ment, employment, education, social cohesion, and safety. The 40 districts have been selected 

based on 18 indicators of deprivation, including average income, unemployment rate, livability, 

safety, and quality of the housing. The 40 districts with the highest problem scores were selected. 

These districts are situated in 18 large municipalities, and therefore have an urban character. The 

implementation of this initiative started approximately mid-2008. From then until 2012 in excess 

of 5 billion euros50 had been invested. The interventions implemented under the auspices of 

the District Approach were initiated additionally to interventions and policies that were already 

going on. The interventions included, among others, the creation or improvement of green, 

amelioration of sports facilities and organization of sports activities, regeneration or housing 

improvement, or employment opportunities (see51 for detailed information on the content and 

scale of implemented interventions). Each target district has implemented selected interventions 

to suit the specific local needs. Large variations existed in the number of residents reached by the 

interventions, or the number of changes in the neighbourhood environment, and/or the amount 

of different types of activities which were implemented. Originally health issues were not explic-

itly addressed in the District Approach. Mediation of the Ministry of Health, Welfare, and Sports 

however resulted in the added ambition to improve the health of residents of selected districts 

through an integrated approach focusing on healthy residents, healthy environment, and a com-

prehensive prevention oriented primary care. In total 16 target districts have taken part in this 

‘healthy district experiment’.  

It is likely that the District Approach - with investments in the social position of residents as well 

as the district environment of the most deprived districts of the Netherlands - will not only im-

prove the livability of the districts, but will also improve the health of their residents, since the 

District Approach addresses the social determinants of health problems. From a public health 
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perspective, this ABI thus provides a ‘natural experiment’ to study the effects of changing the 

physical and social neighbourhood conditions or the social position of residents on the health 

outcomes of the local population.52 Features of the neighbourhood environment have been 

shown to be important for the health of the residents, including physical features (e.g. green 

areas), availability of healthy environments (e.g. housing conditions), services provided (e.g. pri-

mary health care), social-cultural features (e.g. social cohesion, levels of crime, social disorder), 

and the reputation of an area (e.g. ‘problem districts’).27 Furthermore, it has been suggested that 

efforts to reduce inequalities in health should not only focus on places but on people as well.7 

Investments in individuals such as education have a positive impact on health.53,54 The District 

Approach target the most deprived districts of the Netherlands. Previous studies have shown 

that in the Netherlands, as in other countries, health problems tend to concentrate in deprived 

districts (e.g.8,55). Therefore, from a public health perspective, it would be effective to target the 

districts that need it the most: namely the most deprived districts. 

Research questions 

To address the objectives of this thesis the following research questions were examined: 

1.  Are inequalities in health between deprived and non-deprived neighbourhoods influ-

enced by migration flows (within different age groups) (part one)? 

2.  Are environmental characteristics and changes over time in environmental characteris-

tics related to physical activity and mental health among adults (part two)?

3.  What is the short-term impact of the District Approach on trends in leisure-time physi-

cal activity, mental health, and general health (part three)? 
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Data and methods

Table 1 presents an overview of the studies presented in this thesis, the study outcome(s), the 

data source(s), and design used in each study. Three national datasets were used in this thesis. 

The first dataset (Netherlands Housing Survey (WoON)) is a large three-yearly survey among 

non-institutionalised people aged 18 and over. WoON measures people’s current living situation 

and people’s housing needs, and also includes questions on health outcomes, place of residence, 

migration history, perceived neighbourhood characteristics, and socio-demographic factors. 

Data from this survey are used in chapters 1 to 4. In chapter 1 and 2 we conducted a cross-sec-

tional study and only used WoON data from the year 2006. In chapter 3 and 4 we conducted a 

repeated-cross sectional study and made use of data from 2006 and 2009.    

The second national dataset - the Dutch Health Interview Survey (HIS) - includes individual-level 

information on a large number of health outcomes and socio-demographic factors. The HIS is a 

large yearly survey among non-institutionalised persons aged 0 years and older. Data from this 

survey are used in chapters 5 to 8. We conducted either a repeated-cross sectional study using 

the years 2009 to 2011 (chapter 5) or a quasi-experimental study on the years 2004 to 2011 

(chapters 6 to 8). 

 

The third national dataset - the National Safety Monitor and its successor, the Integral Safety 

Monitor - is a large yearly survey among non-institutionalised persons aged 15 years and older. 

This survey contains data on, among others, neighbourhood characteristics such as social and 

physical disorder, general safety, and criminal victimisation. Data from this survey are used in 

chapter 5. We aggregated individual-level data from the years 2005 to 2011 to the neighbour-

hood-level. Subsequently, these neighbourhood-level safety information was linked to the indi-

vidual-level HIS dataset which were used in a repeated cross-sectional study design. 

In all studies only adults aged 18 years and older were included in our analyses. Furthermore, our 

studies, comparable  with other studies, use area definitions based on administrative boundar-

ies.  In all three datasets the information is available at the 4-digit postal code level. In the Neth-

erlands there are approximately 4,000 postal code areas which, on average, are 8.3 km2 large and 

contain about 4,000 residents. We are aware of the fact that the four digit postal code areas are 

not identical to neighbourhoods as perceived by residents (see56). The findings of Stafford et al. 

(2008)57 indicate that alternative definitions of  neighbourhood boundaries have no substantive 

effect on the estimates of neighbourhood inequalities in health. There was no evidence that 

neighbourhood inequalities in health are being greatly underestimated by the use of adminis-
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trative boundaries. They conclude that  we can have larger confidence in the results of studies 

which have used administrative boundaries to define the neighbourhood. 

Outline of this thesis

The first part of this thesis (which includes Chapters 1 and 2) focuses on migration and neigh-

bourhood inequalities in health. In Chapter 1 we explore whether and how migration flows influ-

enced area inequalities in perceived general health, longstanding health problems, and disabilities be-

tween deprived and non-deprived neighbourhoods. Chapter 2 assesses whether and how migration 

flows within different age groups influenced area inequalities in perceived general health between 

deprived and non-deprived neighbourhoods. Chapters 1 and 2 also examine the extent to which 

socio-demographic characteristics explain the differences in health between migrants and those who 

stayed in the areas of origin. 

 

The second part of this thesis (which includes Chapters 3-5) focuses on whether changes in specific 

neighbourhood characteristics influence physical activity and mental health of neighbourhood resi-

dents. Chapter 3 investigates the association of levels of traffic safety and changes over time in traffic 

safety with physical activity among adults for the total neighbourhood population and for different 

subpopulations. Chapter 4 examines the relationship between several neighbourhood characteristics 

and changes over time in these neighbourhood characteristics and physical activity among adults in 

both the total and different subpopulations. Chapter 5 assesses the association of levels of neigh-

bourhood safety and changes over time in levels of neighbourhood safety with mental health among 

adults for the total neighbourhood population and for different demographic subgroups.

The third part of this thesis (which includes Chapters 6-8) focuses on the impact of the Dutch District 

Approach on health outcomes. Chapter 6 evaluates the short-term impact of the Dutch District Ap-

proach on trends in leisure-time physical activity (walking, cycling, and sports). Chapter 7 assesses 

the short-term impact of the Dutch District Approach on trends in mental health. Chapters 6 and 7 

also examine the physical activity and mental health trends among target districts distinguished by in-

tensity of ABI efforts. Chapter 8 determines the short-term impact of the Dutch District Approach on 

trends in general health. Moreover, the general health impact of ABI’s that focused on the improve-

ment of the neighbourhood environment is compared with the impact of ABI’s that mainly invested 

in the socio-economic circumstances of inhabitants. Finally, the General discussion summarises the 

main findings of these studies, discusses some of the methodological considerations,  reflects on the 

main findings, and also presents implications for future policy and research.  
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Table 1. Overview of the studies, data sources, and designs in each chapter of the thesis

Chapter Title Outcomes Data source Design

Part one:       Migration and neighbourhood  
inequalities in health

1 Migration does not enlarge inequalities 
in health between rich and poor 
neighbourhoods in the Netherlands

General health 
Longstanding 
health problems 
Disabilities

WoON survey 
year 2006

Cross-sectional

2 Migration and geographical inequalities in 
health in the Netherlands: an investigation 
of age patterns

General health WoON survey 
year 2006

Cross-sectional

Part two:      The impact of specific neighbourhood 
characteristics on health outcomes

3 Change in neighborhood traffic safety: 
does it matter in terms of physical activity?

Physical activity WoON survey 
years 2006 & 
2009

Repeated cross-
sectional

4 The relationship between physical activity 
and the living environment: a multi-level 
analyses focusing on changes over time in 
environmental factors

Physical activity WoON survey 
years 2006 & 
2009

Repeated cross-
sectional

5 The mental health impact of changes in 
neighbourhood safety

Mental health HIS years 2009 
to 2011 & 
the National 
Safety Monitor 
years 2005 to 
2008 &
the Integral 
Safety Monitor 
years 2008 to 
2011

Repeated cross-
sectional

Part three:  The impact of a Dutch large-scale area-
based initiative on health outcomes

6 The impact of area-based initiatives on 
physical activity trends in deprived areas: 
a quasi-experimental evaluation of the 
Dutch District Approach

Physical activity HIS years 2004 
to 2011

Quasi-
experimental & 
repeated cross-
sectional

7 The impact of a Dutch area-based 
initiative on mental health trends: a quasi-
experimental study

Mental health HIS years 2004 
to 2011

Quasi-
experimental & 
repeated cross-
sectional

8 General health effects of area-based 
initiatives in Dutch deprived
neighbourhoods. Should we invest in 
the neighbourhood environment or its 
residents?

General health HIS years 2004 
to 2011

Quasi-
experimental & 
repeated cross-
sectional
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ABSTRACT

We estimate to what extent migration contributes to inequalities in health between rich and 

poor neighbourhoods in The Netherlands. We used a sample from the survey WoonOnderzoek 

Nederland 2006. Using multi-level logistic regression analyses, we assessed the magnitude 

of health differences between poor vs. rich areas for the migrant and total population. Next, 

we compared the health of migrants to non-migrant populations and we assessed the role of 

socio-demographic characteristics. For most health indicators, area inequalities in health were 

much smaller in the migrant population than in the total population. The health of migrants was 

generally in-between the health of non-migrants who lived in areas of origin and destination. The 

differences in health with the population in the areas of origin were almost completely explained 

by socio-demographic characteristics. Health is related to risk of migration between poor and rich 

areas, mostly through socio-demographic selection instead of a direct effect of health. Despite 

the relationship with health, migration does not enlarge inequalities in health between poor and 

rich neighbourhoods but possibly attenuates the health differences.
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INTRODUCTION

Individuals living in socially deprived areas have higher mortality and poorer physical health than 

those living in non-deprived areas. This association can largely but not entirely be explained by 

the individual-level socio-economic characteristics of the residents.1-13 The processes underlying 

this collective nature of poor health in more deprived areas are still far from clear. A growing 

number of studies aim at identifying the relevant environmental or area-bound characteristics.

One possible factor contributing to the existing area inequalities in health is selective migration.14-20 

It is possible that some of the health inequalities between areas stem from flows of migrants 

carrying different health-risks when they move to areas with a different deprivation status. This 

migration is directly selective on health if residents migrating to more advantaged areas have 

better health than those who stay behind, while residents migrating to less advantaged areas 

have worse health than those who stay in non-deprived areas. For example, it has been shown 

that people moving from high to low mortality districts compared to the people who stayed 

behind had on average better health.16

In addition, migration may not be directly selective on health but depend on socio-demographic 

characteristics. There are differences in socio-economic characteristics between migrants and 

non-migrants.21 A British study22 found that those who have been successful in professional, 

technical, and managerial positions were more likely to move from the conurbations into other 

areas. Likewise, another British study23 found that migration out of cities tends to be more 

frequent among the economically active and in particular among those in professional social 

classes. A Dutch study19 reported that higher educated were more likely to move out of deprived 

areas, while they were least likely to leave wealthy areas.

To understand the relationship between illness and area deprivation it is it essential to assess in 

which way health-related migration could contribute to area variations in health. A number of 

studies have determined to what extent mobility influenced geographical variations in health as 

observed at a certain point in time, but these have produced conflicting results.15-18,20,24-26 Most 

of them reported that selective migration tends to enlarge area inequalities in health. One study 

suggested only a small contribution20 whereas others suggested that migration is accounting for 

the majority18 or nearly all16 of the differences between areas. One study found that migration is 

accounting for all the differences between areas when analysed at the local district level, whereas 

the regional level analyses showed no effect of migration on area inequalities in health.15 Another 

study found that compared to areas of comparable deprivation, mortality rates were higher in 
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areas with large population migration than in areas with stable populations with low turnover 

within the most deprived quintile.27 However, three studies suggested that selective migration 

does not contribute to increasing area inequalities in health.17,25,26 Likewise, another study found 

that the geographical patterns of mortality from cardiovascular disease could not be explained 

by migration.28 Connolly et al. (2007)29 is the only study that controlled for socio-demographic 

variables. They found that selective migration is accounting for about 50% of the inequalities 

between areas for those aged less than 75. At older age groups, however, selective migration was 

decreasing the differences.

In view of the inconsistency of previous studies, we aimed to further investigate the extent to 

which migration influences inequalities in health between deprived and non-deprived areas. We 

used a large scale representative survey in The Netherlands with data on migration history at the 

postcode level and three health measures.

These data were analysed in three steps. First, in order to assess the effect of migration on area 

differences in health, we assessed the area inequalities in health among migrants only, and 

compared this to the areas inequalities observed for the total population (migrants and non-

migrants). Next, we described the relationship of health to migration by comparing the health 

of migrants to the health of non-migrant populations in the areas of origin and destination. 

Additionally, we investigated the extent to which socio-demographic characteristics explain the 

differences in health between migrants and non-migrants.

METHODS

Study population

We studied data from the WoonOnderzoek Nederland 2006,30 a large scale representative national 

survey in The Netherlands for people aged 18 years and over. It is designed to assess people’s 

position on the housing market and their living conditions, and it includes data on their migration 

histories. The data collection was carried out by both telephone, face to face interviewing, or by 

internet. Data from 40 213 respondents, aged 18–54 years were included in the analyses.

The SCP has calculated a social status score for each of the postal areas in The Netherlands, using 

data on average level of income, employment rate, and average level of education. In this paper 

we have identified deprived and non-deprived areas based on the Social Status Scores 2006.31 The 

lowest quintile is defined as being deprived and the four highest quintiles are considered non-

deprived areas.
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WoON only provides precise data on migratory histories going back two years. Migrants are 

therefore defined as those who moved between deprived and non-deprived areas during the 

past two years. Non-migrants are defined as those who stayed in deprived or non-deprived 

areas, including those who made intra-deprived or intra-non-deprived moves during the past 

two years.

Measures 

To measure the prevalence of health we used three health measures based on self-reports. 

Perceived general health was measured on a five point scale using the question ‘‘How do you 

rate your health in general?’’. Respondents were categorised as either having a ‘‘less than good’’ 

or a ‘‘(very) good’’ perceived general health. Having one or more longstanding health problems 

were measured by the question: ‘‘Do you have problems with one or more long-term illnesses, 

disorders, or handicaps?’’. Whether a person has one or more disabilities were measured by the 

questions: ‘‘Can you walk up and down the stairs?’’, ‘‘Can you sit or stand for a half hour?’’, ‘‘Can 

you sit up or stand up?’’, ‘‘Can you leave and enter the house?’’, ‘‘Can you fully wash yourself?’’, 

and ‘‘Can you walk for ten minutes without stopping?’’. Respondents who reported problems 

with doing one or more of these daily activities (or needed help from others) were considered 

as disabled.

Table 1 shows the distribution in the study sample by migrant status and area deprivation 

status. For each sub-group, the table provides indicators of composition by family type and 

socio-economic position. Family type defines whether the household of the respondent at the 

time of the survey consisted of living together with or without child(ren) or being single with or 

without child(ren). Socio-economic status was measured by three indicators: source of income, 

educational level, and individual income level. Source of income was initially classified according 

to available national sources of income, which were subsequently reclassified into six sources 

of income. Educational level represents the respondents’ highest level of completed education. 

The level of education was initially classified according to national categories, which were 

subsequently reclassified into four levels of education. Based on the respondents’ individual 

income, we divided the sample into quartiles.

Item non-response rate was less than 0.6% for most variables except for family type (18.5%), 

individual income (5.9%), and source of income (5.5%). Non-responses were included in the 

analyses by including a separate category for item non-response.
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Data analyses

First, age-standardized prevalence rates of the three health measures for 2006 were calculated 

for deprived and non-deprived areas, both for the migrant and for total resident population.

Secondly, for each health indicator, multi-level logistic regression models were estimated using 

the statistical package R version 2.12.1. The models are 2-level logistic regression models with 

individuals at level 1 nested within postal areas at level 2. We used multi-level models to account 

for the variability in health at the neighbourhood level and possible dependencies within 

neighbourhoods. In the first step, inequalities in health between deprived and non-deprived 

areas were assessed separately for migrants and the total population (migrants and non-

migrants). In this step, we first controlled for sex and age only, and then we added a wide range 

of socio-demographic variables as additional control variables. In the second step, we assessed 

differences in health between migrants and non-migrant populations. Also in this step, we first 

controlled for sex and age only, and then we added a wide range of socio-demographic variables 

as additional control variables. The results are presented below as odds ratios (OR) and their 95% 

confidence intervals.

RESULTS

Table 1 shows that most people stayed either in a deprived or non-deprived area during the 

preceding two years (n= 38 261, 95.2%). It also shows that 1014 participants (2.5%) moved 

downwards from non-deprived towards deprived areas, while 938 participants (2.3%) moved 

upwards. The migrant populations were mostly people in the age group 25–34 years. Compared 

to the other groups, migrants were more often living together without children, while non-

migrants were more often living together with children. Migrants moving into deprived areas 

were more often students than the other groups, and non-migrants staying in deprived areas 

were more often single parents. Compared to those who stay in deprived areas, migrants into 

non-deprived areas have a higher income level, more often gained a market income, and more 

often were higher educated. Compared to those who stay in non-deprived areas, migrants into 

deprived areas have a lower income level, less often a market income, and were more often 

higher educated.
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Table 1: Descriptive statistics of migrants and non-migrants who live in deprived and non-

deprived areas
Deprived 
areas

Non-
deprived

Deprived areas Non-deprived areas

Non-migrants Migrants Non-migrants Migrants
Number of respondent    11221 28992 10207 1014 28054 938
% Survey population 27.9 72.1 25.4 2.5 69.8 2.3

Number of years living at 
current address
  % 0-2 years 19.8 15.7 0 100 0 100
  % 3-5 years 17.4 14.5 31.0 0 27.9 0
  % 6-10 years 22.8 21.2 25.1 0 21.9 0

% Female 50.3 50.0 50.0 52.7 49.9 54.9

Age in 2005/2006 in 
4 groups
  % 18-24 20.8 20.1 19.5 33.8 20.2 16.7
  % 25-34 27.8 22.9 26.7 38.4 22.1 45.5
  % 35-44 27.2 29.2 28.2 17.1 29.4 25.6
  % 45-54 24.3 27.8 25.6 10.7 28.3 12.2

Family type
  % Living togethera  21.0 19.6 18.9 48.2 18.8 47.2
  no child(ren) b

  % Living togethera – 56.1 68.7 58.0 31.2 69.5 40.6
  with child(ren)
  % Single-no child(ren) b 3.8 1.4 3.3 9.6 1.4 3.2
  % Single-with child(ren) 19.1 10.3 19.7 11.0 10.3 9.0

Socio-economic variables
Source of income
  % Disability benefit 6.4 3.8 6.6 4.1 3.8 3.6
  % Social benefit 9.1 2.5 9.3 6.2 2.5 3.6
  % Unemployment benefit 3.8 2.0 4.0 2.2 2.0 1.9
  % Study grants 9.5 8.6 8.6 18.7 8.6 8.3
  % Market incomec 68.5 81.1 68.7 66.9 81.1 80.6
  % others 2.7 2.0 2.8 1.8 2.0 2.0

Education level
   % No education/  

Elementary
10.1 3.8 10.6 4.2 3.8 3.3

  % Lower secondary 30.0 24.6 31.2 17.8 24.7 20.7
  % Upper secondary 37.4 42.0 36.3 47.9 42.1 41.1
  % Tertiary education 22.6 29.6 21.8 30.2 29.4 34.9

Individual income level 
  % Low 30.0 25.4 30.0 30.4 25.6 20.8
  % Medium low 27.2 20.4 27.3 25.9 20.3 22.1
  % Medium high 26.7 26.1 26.6 28.0 25.8 34.8
  % High 16.0 28.2 16.1 15.7 28.4 22.2

a Living together includes: married and cohabitant. 

bNo child(ren) includes no child(ren) yet and empty nest.

c Market income includes: salary, freelance income, profit own company, and interest from placements.
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Table 2 shows that the deprived populations more often consider their general health as 

‘‘less than good’’ and more often report longstanding health problems or disabilities. These 

area differences in health are smaller among migrants than those observed among the total 

population, especially with regards to the prevalence of disabilities. When controlling for socio-

demographic variables the differences in health between deprived and non-deprived areas 

declined to a large extent, and these differences are entirely explained in a few cases, especially 

for the indicator any longstanding health problem. Also after control for socio-demographic 

variables, health inequalities are generally smaller among migrants than in the total population.

Table 3 shows that for most health indicators, the prevalence rates of migrants into deprived and 

non-deprived areas are in-between the prevalence rates of the areas of origin and destination. 

In general, the health of migrants is more similar to the health of the population in areas of 

destination.
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Table 2: Prevalence rates and multi-level odds ratios (OR) comparing deprived areas to non-

deprived areas for the migrant and total population, for three health indicators

Health indicator  Prevalence rate (%) OR deprived vs. non-deprived
(95% confidence intervals)

Deprived 
areas

Non-dep. 
areas

Limited control a Full control b

Perceived general health “less 
than good”

  Migrants into 17.17 12.71 1.34 (0.93-1.93) 1.08 (0.67-1.73)

  Total population in 17.51 8.98 2.12 (1.96-2.30) 1.36 (1.25-1.48)

 ≥ 1 Longstanding health problems

  Migrants into 19.63 17.68 1.31 (1.00-1.72) 1.10 (0.82-1.47)

  Total population in 20.17 14.96 1.41 (1.32-1.50) 1.01 (0.95-1.08)

≥ 1 Disabilities 

  Migrants 12.08 12.00 1.04 (0.71-1.53) 0.80 (0.44-1.45)

  Total population in 14.22 8.35 1.91 (1.76-2.08) 1.19 (1.09-1.30)

a Control variables include sex and age only.

b Control variables include sex, age, family type, source of income, education, and individual income. 

Table 3: Multi-level odds ratios (OR) comparing migrants to non-migrant populations, for 

migrants into deprived areas and migrants into non-deprived areas, respectively, for three health 

indicators

ORª migrants into deprived areas
vs. non-migrant populations living in:

ORª mig. into non-deprived areas
vs. non-migrant populations living in:

Deprived areas 
(95% CI)

Non-dep. areas
(95% CI)

Deprived areas 
(95% CI)

Non-dep. areas
(95% CI)

N= 11221 29068 28992 11145

Perceived general health “less 
than good”

0.80
(0.64-1.00)

1.62
(1.30-2.03)

0.62
(0.48-0.79)

1.26
(0.99-1.60)

≥ 1 Longstanding health 
problems

1.01
(0.84-1.22)

1.28
(1.07-1.54)

0.77
(0.63-0.94)

1.01
(0.83-1.22)

≥ 1 Disabilities 0.75
(0.58-1.00)

1.35
(1.05-1.75)

0.73
(0.56-0.94)

1.35
(1.06-1.73)

a Control variables include sex and age. 
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Fig. 1 visualises the fi nding that the prevalence of health problems among migrants is in-between 

that of the non-migrant populati ons, and generally closest to that in the areas of desti nati on. This 

fi gure also shows that migrants into deprived areas have somewhat poorer health than migrants 

into non-deprived areas. This corresponds with earlier fi nding that there are area inequaliti es in 

health among migrants, but that these inequaliti es are smaller compared to inequaliti es among 

non-migrants. 

Figure 1: Prevalence rates comparing migrants to non-migrant populati ons for three health 

indicators.

As shown in Table 1, migrants into non-deprived areas are more advantaged compared to those 

who stay behind, while migrants into deprived areas are less advantaged than the geographically 

stable. Table 4 assesses whether the health diff erences between migrants as compared to those 

who stay behind could be explained by socio-demographic characteristi cs. In most cases, the health 

diff erences are largely or enti rely explained by control for socio-demographic characteristi cs. Aft er 

control, odds rati o are close to 1.00 in most cases, and not stati sti cally signifi cant. This suggests that 

migrati on is not directly selecti ve on health but on socio-demographic characteristi cs.

Non-deprived areas Deprived areas

Non-migrants Migrants Migrants Non-migrants

Perceived GH 8,98 12,71 17,17 17,51

Longstanding HP 14,96 17,68 19,63 20,17

Disabilities 8,35 12 12,08 14,22

Fig. 1. Prevalence rates comparing migrants to non-migrant populations for three health indicators
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1Table 4: Prevalence rates and multi-level Odds ratios (OR) comparing migrants to non-migrants 

from the area of origin, for three health indicators

Migrant group Prevalence rate (%) OR migrants vs. non-migrants
(95 % confidence interval)

Migrants Non-migrants/
area of origin

Limited control a Full control b

Migrants into deprived areas N= 1014 28054 29068 29068

Health indicators 

  Perceived general health “less than good” 17.17 8.92 1.62 (1.30-2.03) 1.12 (0.87-1.44)

  ≥ 1 Longstanding health problems 19.63 14.84 1.28 (1.07-1.54) 0.94 (0.77-1.15)

  ≥ 1 Disabilities 12.08 7.87 1.35 (1.05-1.75) 0.89 (0.67-1.18)

Migrants into non-deprived areas N= 938 10207  11145 11145

Health indicators 

  Perceived general health “less than good” 12.71 18.15 0.62 (0.48-0.79) 0.83 (0.64-1.07)

  ≥ 1 Longstanding health problems 17.68 20.17 0.77 (0.63-0.94) 0.91 (0.74-1.13)

  ≥ 1 Disabilities 12.00 14.40 0.73 (0.56-0.94) 1.02 (0.77-1.35)

ª Control variables include sex and age only.

b Control variables include sex, age, family type, source of income, education, and individual income.
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DISCUSSION

Frequently found health differences between deprived and non-deprived areas are largely 

accounted for by socio-demographic differences between populations. Remaining differences 

may also be explained by locality bound exposure and behaviour, or selective migration. In this 

paper the possible influences of selective migration on inequalities in health between deprived 

and non-deprived postcode areas in The Netherlands were investigated.

Firstly, much smaller area inequalities in health were found among migrants compared to the 

total population. Migration does not enlarge inequalities in health between deprived and non-

deprived neighbourhoods but possibly attenuate the health differences. Secondly, the out-

migrants are replaced with another group of in-migrants with relatively similar levels of health. 

The health of migrants into deprived and non-deprived areas is in-between the areas of origin 

and destination, but especially it is more similar to the health of the population in areas of 

destination. Lastly, better health of migrants out of deprived areas and worse health of migrants 

out of non-deprived areas as compared to the geographically stable, are both attributable to 

socio-demographic characteristics. Migration is thus not directly selective on health but on socio-

demographic characteristics.

Evaluation of data

The strength of this study is the availability of data on health status in a large representative 

sample of the Dutch population aged 18–54 years. However, the data sources also had some 

potential problems that may affect the interpretation of the results.

Firstly, by using a narrow migration window of two years, it is possible that we underestimate, 

although captured, the effects of migration. To assess whether the results depended on the 

migration windows used, we repeated the analyses by estimating the magnitude of health 

inequalities among the non-migrants who lived at the current address for at least 10, five, and 

two years, respectively. This additional analysis was made for a slightly different definition of non-

migrants, because we did not have information on the precise former address of migrants that 

moved longer than two years ago. Table 5 shows that, for all health variables, health inequalities 

between poor and rich areas stay relatively stable and are not sensitive to years of residence 

used to define non-migrants. Therefore, our results of the effect of migration on area inequalities 

in health are probably not very sensitive to the 2-year cut-off point that we had to use.
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Table 5: Prevalence rates and multi-level Odds ratios (OR) comparing deprived areas to non-

deprived areas for people with a different duration of residence, for three health indicators

Health indicator  Prevalence rate (%) OR deprived vs. non-deprived 
(95% confidence intervals)

Deprived 
areas

Non-dep. 
areas

Limited control a Full control b

Perceived general health “less than good”

  Duration of residence (in years)

  Residents living > 10 years 16.85 9.14 2.03 (1.81-2.26) 1.31 (1.16-1.48)

  Residents living >   5 years 17.15 9.10 2.09 (1.91-2.29) 1.33 (1.20-1.46)

  Residents living >   2 years 17.14 8.99 2.09 (1.92-2.28) 1.32 (1.21-1.45)

  All residents 17.51 8.98 2.12 (1.96-2.30) 1.36 (1.25-1.48)

≥ 1 Longstanding health problems

  Duration of residence (in years)

  Residents living > 10 years 20.24 15.20 1.43 (1.31-1.57) 1.03 (0.93-1.14)

  Residents living >   5 years 19.72 14.91 1.41 (1.31-1.52) 1.00 (0.92-1.08)

  Residents living >   2 years 19.82 14.80 1.40 (1.31-1.50) 1.00 (0.93-1.08)

  All residents 20.17 14.96 1.41 (1.32-1.50) 1.01 (0.95-1.08)

≥ 1 Disabilities

  Duration of residence (in years) 

  Residents living > 10 years 14.43 8.18 1.90 (1.69-2.13) 1.19 (1.04-1.35)

  Residents living >   5 years 14.02 8.34 1.88 (1.71-2.06) 1.15 (1.03-1.28)

  Residents living >   2 years 13.96 7.91 1.89 (1.73-2.07) 1.17 (1.06-1.28)

  All residents 14.22 8.35 1.91 (1.76-2.08) 1.19 (1.09-1.30)

ª Control variables include sex and age only.

b Control variables include sex, age, family type, source of income, education, and individual income. 

Secondly, we only have information on the health status of migrants after they have moved. No 

information was available on the health before migration, which would have been required if we 
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were to study the causal effect of health on risk of migration. However, our paper is focussed on 

the influence of migration on area inequalities in health as these are observed at one specific 

point in time. For this, we need measurements of the residents’ current migration status and 

current health status, rather than a measure of previous health status.

Thirdly, the response rate was 56%. Non-response includes people that were unapproachable 

because of recent death, recent emigration, or untraceable address. If the non-response was to 

be strongly related to migration status and to health status this can have biased our results. It 

is not known whether this is the case. The WoON survey only documents that non-response is 

only weakly related to sex, age, and ethnicity.30 Even though some non-response bias cannot be 

excluded we do not see a reason to expect this effect to be large.

Lastly, the health indicator ‘‘longstanding health problems’’, which reflects also the prevalence 

of chronic diseases, showed smaller area inequalities in health compared to the other two 

health indicators. It is known that using self-reported data may result in an underestimation 

of the prevalence of some chronic conditions and this underestimation seems to increase with 

decreasing levels of education.32 The results for this health indicator may therefore be interpreted 

with greater caution than for the other two indicators.

Comparison with other studies and explanations 

We found that selective migration does not enlarge area inequalities in health. This is in line with 

some previous work.15,17,25,26 However, other studies, many using longitudinal design, suggested 

that it does enlarge health differences to a small or large extent.15,16,18,20,24,27

There may be four possible explanations for this discrepancy. Firstly, one possible explanation 

for this might be related to the use of data on either mortality or self-reported morbidity. Most 

studies that concluded that selective migration does contribute to increasing area inequalities 

in health used only mortality data.15,16,20,24,27 Mortality is to a certain degree related to perceived 

morbidity, but this relationship is not perfect. The two types of indicators may therefore produce 

different results. Norman et al. (2005)18 found quite similar results for these outcome measures, 

and even larger contribution of migration on area inequalities in morbidity as compared to 

mortality.

A second explanation relates to the differences between studies in geographical terms. There 

may be differences between countries in the impact of migration on health inequalities between 

poor and rich areas. The current study related to The Netherlands, whereas most other studies 
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referred to the whole of Britain15,16 or part of Britain.17,18,24-27 In addition, the impact of migration 

may depend on the geographical scale used in the studies. Reijneveld et al. (2000)33 concluded 

that the choice of the geographical classification has hardly any impact on the size of health 

differences by area deprivation. In a similar way, regarding the effect of migration on inequalities 

in health between poor and rich areas, no such effect were observed in studies at either the 

regional,15,28 district,25 ward,26 or neighbourhood level. Studies that reported the opposite finding 

also concerned the regional,20,24 district,15,16 ward level,18 and other type of areas.27 It thus seems 

that the use of different geographical scales cannot explain the discrepancies in findings.

Thirdly, another potential explanation might be related to differences in migration windows. 

Brimblecombe et al.15,16 used a very long migration window whereby people could have moved 

just after birth, just before death, or at any point in-between, and could have moved once or, 

more likely, several times. Norman et al. (2005)18 used a migratory window of 20 years. Because 

of the long migration windows in these studies they probably captured migration during critical 

ages during the life course. They both found a large impact of the migration process on area 

differences in health. In contrast, we and other studies17,25,26 that suggest that migration does not 

strengthen the health-deprivation relationship used short time windows. Two exceptions are Fox 

and Goldblatt (1982)24 and Brown and Leyland (2010)27 who also used a relatively short migration 

window of five years and one year, respectively, but found that migration did strengthen this 

relationship.

Fourthly, differences in the time periods covered by the studies may have contributed to the 

divergence in findings. The studies that reported that migration strengthens the health-

deprivation relationship, studied migration in the decades before 1991,15,16,18,24 whereas 

our study and others17,25,26 assessed the effects of migration over more recent periods. Two 

exceptions are Martikainen et al. (2008)20 and Brown and Leyland (2010)27 who also assessed 

the effects of migration over more recent periods, but found that migration did strengthen this 

relationship. The effect of migration may have diminished over time because of changes in the 

composition and direction of population movements. This change in population dynamics may 

have been especially apparent around cities, where many deprived areas are located. In the 

1960s and 1970s the cities in The Netherlands experienced a movement of higher and middle 

income households to suburbs,34 as had many other cities across the developed world.35,36 More 

recently, urban regeneration policies in The Netherlands and in the UK have focused on attracting 

the higher and middle income households towards cities. 37,38 The effects of selective migration 

may therefore depend on the stage of the urban decline-regeneration cycle being studied, with 

greater effects in earlier stages.
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Explanations of  area health inequalities

If health inequalities between poor and rich areas largely can be explained by socio-demographic 

differences between populations and cannot be explained by selective migration, the question 

remains what else explains these inequalities. One explanation is associated with certain types 

of illness-related behaviour.39 Smoking and serious overweight are examples of health behaviour 

that is more common in deprived residents even after controlling for socio-demographic 

variables.40 However, behavioural factors do not explain all the remaining inequalities between 

areas.

Another type of explanation may relate to environmental factors to which people are directly 

exposed, including the social environment.39 Major et al. (2010)41 found area inequalities in health 

even after control for individual-level demographic and behavioural risk factors, suggesting that 

environmental exposures and local norms may play a role. Voigtländer et al. (2010)42 concluded 

that specific features of the neighbourhood environment, such as air pollution and noise, explain 

parts of the association between deprivation and physical health.

Implications

This study shows that health is related to migration between deprived and non-deprived areas, 

mostly through socio-demographic selection instead of a direct effect of health. Despite the 

relationship with health, migration does not enlarge inequalities in health between deprived and 

non-deprived neighbourhoods in The Netherlands but possibly attenuates the health differences. 

This is not to say that migration effects are unimportant; on the contrary we suggest that the 

magnitude and the direction of these effects could strongly depend on the size and direction of 

the current migration patterns, which will unquestionably change over time. The potential effect 

of migration on health inequalities between poor and rich areas should therefore be assessed 

whenever appropriate, such as in new urban regeneration schemes.43

In as far as area inequalities in health are not attributable to selective migration, the core of 

the problem is found among the geographically stable populations in deprived areas. As a 

consequence, policies aimed to improve the living conditions and health situation of deprived 

neighbourhoods should especially focus on the geographically stable population. None the less, 

migration processes are important in urban improvement. Such programs may contribute to 

decrease area inequalities in health by measures that stimulate immigration of residents with 

favourable social position and good health.
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ABSTRACT

Objectives

This paper estimates, for six different age groups, whether and how migration influences 

inequalities in health between deprived and non-deprived neighbourhoods in the Netherlands.

Methods

Methods Data were accessed from the Netherlands Housing Survey 2006. Using multi-level 

logistic regression analyses, we compared the health of migrants with that of non-migrants in the 

area of origin and assessed the role of demographic and socio-economic characteristics. Next, 

we assessed the magnitude of health differences between deprived versus non-deprived areas 

among migrants and non-migrants.

Results

For many age groups, migrants into non-deprived areas were healthier and migrants into 

deprived areas had similar levels of health compared with non-migrant populations in the area 

of origin. These differences in health were not explained by demographic and socio-economic 

characteristics. For all ages and for people aged 25–34 years we found smaller area inequalities in 

health among migrants compared with non-migrants. For most other age groups, about equally 

large differences were observed.

Conclusions

For most age groups, the results do not provide empirical support to the expectation that migration 

would enlarge health differences between deprived and non-deprived neighbourhoods.
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INTRODUCTION

An extensive amount of research has shown that people living in deprived areas have higher 

mortality and poorer physical health. This relationship largely but not entirely disappears once 

individual-level characteristics are controlled for.1-3 Inequalities in health between deprived and 

non-deprived areas may have been growing in recent years.4-9 The mechanisms that might explain 

area inequalities in health are not yet fully clear.

One factor that may contribute to the existing area inequalities in health is selective internal 

migration.6,10-12 Internal migration between deprived and non-deprived areas may influence the 

health status of the residents living in these areas.

Many studies have explored, for a wide age range, to what extent migration influenced geographical 

inequalities in health as observed at a certain point in time.6,10-16 Some studies concluded that 

selective migration tends to enlarge area inequalities in health to some extent,6,11,12 whereas others 

suggested that selective migration did not contribute to these inequalities in health.14-16 In a Dutch 

study3 we found that migration of residents aged 18–54 years tended to attenuate inequalities in 

health between deprived and non-deprived neighbourhoods.

Because the size and composition of migration flows to and from deprived areas vary with age,11 

the effect of migration on geographical inequalities in health may be different for different age 

groups. Young migrants move more often towards deprived areas while old migrants move as often 

towards deprived as non-deprived areas.11 In addition, elderly are more likely to move if they were 

ill, while young people are more likely to move if they were healthy.17 Moreover, migration motives 

have been shown to be highly age-specific.18,19 Young people migrate more often for becoming 

independent, for marriage or cohabitation and for educational motives. At age 25–44 years, the 

principal reasons to move relate to work and improvement in housing and residential environment. 

For people older than 45 years, health problems may be an important motive to move.19

Few studies have assessed the impact of migration on the inequalities in health between 

deprived and non-deprived areas for different age groups. A Finnish study12 showed for both 25- 

to 44-yearolds and 45- to 64-year-olds that migration had only a relatively small impact on area 

socio-economic differences in mortality. Connolly et al. (2007)9 observed that selective migration 

accounted for about 50 % of increases in health inequalities between areas for those aged less than 

75, while at older ages selective migration attenuated such health inequalities.
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The aim of this study was to investigate whether and how migration flows within different age 

groups influenced inequalities in health between deprived and non-deprived neighbourhoods. In 

response to the concern of the Dutch public health community with the health of the most deprived 

urban areas,20 we were particularly interested in understanding the health of these deprived areas 

as compared with other areas. This article is built upon a previous paper by the authors.3 We used 

a large-scale nationwide survey in the Netherlands with data on respondents’ health and migration 

history at the postal code level. These data were analysed with two main objectives.

Our first objective was to compare for six specific age groups the health of migrants with the 

health of non-migrant populations in the areas of origin, and we investigated the extent to which 

demographic and socio-economic characteristics explained the differences in health between 

migrants and non-migrants in the areas of origin. In this part of the study, we aimed to assess 

whether the chance of migration (as compared with staying behind) was associated with health 

and/or demographic and socio-economic characteristics. Our second objective was to assess, 

for each of the age groups, the inequalities in health between deprived and non-deprived 

areas among migrants only and to compare this with the area inequalities observed among 

non-migrants. We were particularly interested to identify age groups where the differences in 

health between deprived and non-deprived areas would be larger among migrants than among 

nonmigrants, as these would be the age groups were migration would contribute to widen area 

inequalities in health.

METHODS

Study population

We accessed data from the Netherlands Housing Survey 2006 (WoON06),21 conducted by The 

Ministry of Housing, Spatial Planning, and the Environment. The WoON is a large three-yearly 

nationwide survey among people aged 18 and over. This survey focuses not only on housing 

quality and people’s housing needs, but also includes data on their health, place of residence and 

migration histories. The sample was drawn using the continuous municipal population registries. 

The samples drawn within municipalities were stratified by clusters defined in terms of age, 

gender, civil status, country of birth and municipality (i.e. living or not in one of the 4 largest 

municipalities). The sample design took account that some population groups have higher non-

response rates. Some municipalities were oversampled. Questionnaires were administered by 

means of telephone interviews, face to face interviews and by internet. Only one person per 

household was included in the study. WoON06 had a response rate of 59 %. Data from 61,687 

respondents, aged 18–84 years, were included in the analyses.
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Measures

Our outcome variables were two health measures, respondents’ perceived general health and 

self-reported prevalence of one or more longstanding health problems. Perceived general health 

was measured on a five-point scale using the question ‘‘How do you rate your health in general?’’ 

We created a dichotomous variable measuring whether respondents were having a ‘‘less than 

good’’ or a ‘‘(very) good’’ perceived general health. Having one or more longstanding health 

problems was measured by the following question: ‘‘Do you have problems with one or more 

long-term illnesses, disorders or handicaps?’’ We created a dichotomous variable measuring 

whether respondents were having one or more longstanding health problems or not.

One of the two main predictor variables in this study was deprivation status of the area of 

residence. The current paper distinguished deprived and non-deprived areas based on the Social 

Status Scores 2006.22 These social status scores were calculated by the Netherlands Institute for 

Social Research (SCP) for each of the postal areas in The Netherlands, using data on average level 

of income, employment rate and average level of education. The lowest quintile was defined as 

being deprived and the four highest quintiles were considered non-deprived areas.

Another main predictor variable was internal migration status. WoON only provides precise data 

on internal migratory histories going back 2 years. Migrants were, therefore, defined as those 

who relocated between deprived and non-deprived neighbourhoods during the past 2 years. 

Non-migrants were defined as those who remained in deprived or non-deprived areas, including 

those who relocated within deprived or non-deprived areas during the past 2 years.

Several demographic and socio-economic covariates were used to control for potential 

confounding: gender (male versus female), age (continuous variable), family type (living together 

versus single), education [four categories, based on the highest educational level achieved: up to 

elementary, lower secondary (lower vocational education or lower general secondary education), 

upper secondary (intermediate vocational education, higher general secondary education, 

or pre-university education), and tertiary education (higher vocational training or university)] 

and employment status (gainfully employed versus not gainfully employed). Another control 

variable used is this study was disposable equivalent household income, calculated by dividing 

the disposable household income by the square root of the number of household members23 

(categorized in quartiles: 1st quartile (11,836 €), 2nd quartile (11,836–16,725 €), 3rd quartile 

(16,726–23,388 €) and 4th quartile (23,388)).
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Item non-response rate was less than 0.5 % for most variables except for family type (25.6 %). 

Non-respondents on this variable were included in the analyses by including a separate category 

for missing values.

 

Age groups

To investigate age patterns in migration and area inequalities in health, we distinguished the 

following age groups: 18–24 years, 25–34 years, 35–44 years, 45–54 years, 55–64 years, and 

65–84 years. A broader 20-year age group was chosen for the oldest age group because the 

frequency of migration at older ages and the statistical power were low.

Data analyses

First, age-specific prevalence rates of the two health measures were calculated for migrants 

and non-migrants in deprived and non-deprived areas. In order to take into account the large 

differences in age structure of migrant and non-migrant populations, even within some 10-year 

age groups (e.g. 25–34 years), all prevalence rates were in addition standardised by 5-year age 

group. We applied the direct standardisation method, using as the standard population the 

Dutch population in 2008.

Second, for both health indicators, multi-level multivariable logistic regression models were 

estimated using the statistical package R (version 2.12.1). To account for possible dependencies 

between observations within a neighbourhood, we included random intercepts in the model. 

Level 1 was defined as the individual level, and level 2 was defined as neighbourhood level. 

To address the first specific objective, we assessed differences in health between migrant and 

non-migrant populations from the same areas of origin. For each age group, this was assessed 

by including an interaction term in the model between migration status and deprivation status 

of the area of origin. The Wald test was used to test the significance of the odds ratios (ORs). In 

this step, we first controlled for gender and age only, and then we added family type, education, 

household income and employment status as additional control variables.

To address the second specific objective, we assessed inequalities in health between deprived 

and non-deprived areas for the migrant and for the non-migrant population. For each age group, 

this was assessed by including an interaction term in the model between migration status and 

deprivation status of the area of actual residence. The Wald test was used to test the significance 

of the ORs. Also in this step, we first controlled for gender and age only, and then we additionally 

controlled for family type, education, household income and employment status. In addition, the 

likelihood ratio test was performed of the models with full control to test the interaction effect of 
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migrant status. The results presented below include ORs and their 95 % confidence intervals, the 

variances of the random intercepts and the p values of the likelihood ratio test.

RESULTS

Table 1 shows, for all age groups, that most people remained living in deprived or non-deprived 

areas during the preceding 2 years. In total 1,172 participants (1.9 %) moved downwards from 

non-deprived areas towards deprived areas, while 1,110 participants (1.8 %) moved upwards. 

The size of the migrant population was largest in the age groups 18–24 and 25–34 years and 

smallest in the age group 65–84 years. For almost all age groups, migrants living in deprived 

areas and non-migrants living in deprived areas were more often single than the other groups. 

For almost all age groups, migrants living in non-deprived areas more often were highly educated 

compared with those who stayed in deprived areas. Migrants living in deprived areas at ages 

35–44 years were more often less educated, while those aged 45–54 years were more often 

highly educated, compared with those who stayed in non-deprived areas.

For the six age groups, Tables 2 and 3 assess the relationship of migration with less than good 

general health and with any longstanding health problems, respectively. For most age groups 

migrants originating from deprived areas were healthier than those who stayed behind in the 

deprived areas. These health differences were statistically significant for all age groups together 

[OR 0.68 (0.56–0.83)] and for migrants aged 25–34 (limited control and general health only) [OR 

0.66 (0.44–1.00)], 35–44 [OR 0.45 (0.28–0.73)] and 55–64 years [OR 0.56 (0.33–0.95)], but not 

for migrants in the other age groups. For longstanding health problems, an opposite pattern was 

observed for migrants in the oldest age group, who were unhealthier than peers who stayed in 

deprived areas [OR 1.72 (1.05–2.82)]. For migrants originating from non-deprived areas, marked 

age patterns were observed. Migrants aged 35–44 and 45–54 years were unhealthier [OR 2.58 

(1.73–3.85); OR 2.20 (1.44–3.36), respectively], while no differences in health were found for 

migrants in other age groups, compared with those who stayed in non-deprived areas. The better 

health of migrants moving out of deprived areas as compared with the population in the areas 

of origin could not be explained by demographic and socio-economic characteristics. However, 

these characteristics could explain part of the worse health of migrants aged 35–54 years and 

coming from non-deprived areas.
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Table 1: Descriptive statistics of (non-) migrants living in deprived and non-deprived areas for six 

age groups, The Netherlands 2006   
Age groups (years) 18-24 25-34 35-44 45-54 55-64 65-84 All
Number of respondent     8,163 9,751 11,522 10,777 9,544 11,930 61,687
 % Migrants living in deprived areas 4.2 4.0 1.5 1.0 0.7 0.6 1.9
 % Migrants living in non-deprived areas 1.9 4.4 2.1 1.1 0.8 0.6 1.8
 % Non-migrants living in deprived areas 24.4 28.0 24.9 24.3 24.8 28.9 26.0
 % Non-migrants living in non-deprived areas 69.5 63.6 71.5 73.7 73.6 70.0 70.4

Gender: % women
  Migrants living in deprived areas 57.1 51.7 45.7 53.2 58.0 55.2 53.1
  Migrants living in non-deprived areas 68.2 52.2 50.8 55.3 51.3 58.8 54.9
  Non-migrants living in deprived areas 48.4 48.5 50.1 52.9 53.8 61.7 53.1
  Non-migrants living in non-deprived areas 46.4 48.0 52.0 51.6 52.4 59.5 52.1

Family type: % single    

  Migrants living in deprived areas 34.0 10.1 22.3 26.1   2.4   0.0 18.6
  Migrants living in non-deprived areas 14.6   9.2 15.7 12.8   1.9   6.1 11.2
  Non-migrants living in deprived areas 26.8 20.5 23.4 22.0 10.2   6.9 18.8
  Non-migrants living in non-deprived areas 14.4   9.5 10.8 12.2   5.6   5.4   9.9

Socio-economic variables 
Education level: % lowest 2 education groupsa

  Migrants living in deprived areas 41.2 41.8 48.3 33.9 42.0 43.9 42.0
  Migrants living in non-deprived areas 42.0 41.9 37.0 49.1 39.2 35.4 41.0
  Non-migrants living in deprived areas 44.6 43.3 43.2 43.4 42.8 41.5 42.7
  Non-migrants living in non-deprived areas 41.4 42.1 43.1 42.9 41.6 42.7 42.4

Income level: % lowest 2 income groupsb

  Migrants living in deprived areas 49.0 56.0 57.2 43.1 37.7 49.3 51.4
  Migrants living in non-deprived areas 57.3 52.9 52.1 57.0 52.5 41.2 53.0
  Non-migrants living in deprived areas 50.9 52.6 51.5 51.2 50.2 45.9 50.2
  Non-migrants living in non-deprived areas 51.0 52.1 50.1 50.4 48.6 47.3 49.8

Employment status: % not gainfully employed
  Migrants living in deprived areas 36.4 43.2 41.6 35.8 40.6 46.3 40.3
  Migrants living in non-deprived areas 40.8 47.1 40.0 39.5 43.8 38.2 43.0
  Non-migrants living in deprived areas 41.0 42.3 43.8 40.6 42.9 41.3 42.0
  Non-migrants living in non-deprived areas 40.7 40.8 42.5 40.7 42.3 41.8 41.5

a The two lowest education groups were: Up to elementary education and lower secondary education (as 

opposed to those with upper secondary education and tertiary education).    

b The two lowest income groups were the 1st (<11,836 €) and 2nd (11,836-16,725 €) quartile groups (as opposed to 

the two highest quartile groups: 3rd quartile (16,726-23,388 €) and 4th quartile ( >23,388)).
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Table 2: Age-specific prevalence rates and odds ratios (ORs) comparing migrants to non-

migrants from the area of origin for the risk of having less than good perceived general health, 

The Netherlands 2006  
Age (years) and 
migrant group

Prevalence  ratea (%) Number of 
respondents

OR migrants vs. non-migrants
(95 % confidence interval)

Area-level 
varianceb

 Migrants Non-migrants Limited controlc Full controld

18-24/Areas of origin:  8,136 0.44
  Deprived 2.55 5.83 0.33 (0.11-1.03) 0.34 (0.11-1.02)
  Non-deprived 2.92 3.84 0.65 (0.32-1.33) 0.56 (0.27-1.15)

25-34/Areas of origin: 9,751 0.13
  Deprived 7.21 10.37 0.66 (0.44-1.00)* 0.74 (0.49-1.11)
  Non-deprived 5.70 5.94 0.96 (0.60-1.53) 0.91 (0.57-1.45)

35-44/Areas of origin: 11,522 0.17
  Deprived 8.64 18.85 0.43 (0.27-0.69)* 0.45 (0.28-0.73)*
  Non-deprived 20.18 8.33 3.01 (2.02-4.48)* 2.58 (1.73-3.85)*

45-54/Areas of origin: 10,777 0.02
  Deprived 27.21 29.01 0.83 (0.54-1.30) 0.87 (0.56-1.36)
  Non-deprived 31.49 14.83 2.62 (1.73-3.98)* 2.20 (1.44-3.36)*

55-64/Areas of origin: 9,544 0.00
  Deprived 22.38 34.75 0.55 (0.32-0.93)* 0.56 (0.33-0.95)*
  Non-deprived 21.28 21.64 1.01 (0.57-1.80) 0.97 (0.54-1.73)

65-84/Areas of origin: 11,930 0.06
  Deprived 46.40 43.46 1.06 (0.65-1.74) 1.08 (0.66-1.78)
  Non-deprived 41.21 35.32 1.26 (0.76-2.09) 1.24 (0.74-2.05)

All/Areas of origin: 61,687 0.05
  Deprived  19.99 24.83 0.66 (0.54-0.81)* 0.68 (0.56-0.83)*
  Non-deprived 21.90 15.49 1.41 (1.16-1.70)* 1.28 (1.05-1.55)*

* The association is statistically significant with p≤0.05, two-sided test.

a The age-specific prevalence rates are age-standardized (calculated by 5-year intervals) using the Dutch population 

for the year 2008 as the standard population.

b Proportion of variance explained by the random area-level component in the regression model with full control.  

c Control variables include gender and age only.

d Control variables include gender, age, family type, education, equivalent household income, and employment 

status.
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Table 3: Age-specific prevalence rates and odds ratios (ORs) comparing migrants to non-migrants 

from the area of origin for the risk of having a longstanding health problem, The Netherlands 

2006
Age (years) and 
migrant group

Prevalence  ratea (%) Number of 
respondents

OR migrants vs. non-migrants
(95 % confidence interval)

Area-level 
varianceb

 Migrants Non-migrants Limited controlc Full controld

18-24/Areas of origin: 8,136 0.00
  Deprived 7.01 8.25 0.76 (0.40-1.43) 0.74 (0.39-1.40)
  Non-deprived 10.79 8.65 1.20 (0.84-1.71) 1.00 (0.69-1.46)

25-34/Areas of origin: 9,751 0.13
  Deprived 11.23 13.85 0.81 (0.58-1.13) 0.85 (0.61-1.19)
  Non-deprived 11.98 11.85 0.99 (0.71-1.38) 0.92 (0.66-1.28)

35-44/Areas of origin: 11,522 0.04
  Deprived 11.74 20.71 0.52 (0.34-0.78)* 0.55 (0.36-0.83)*
  Non-deprived 21.10 14.62 1.69 (1.16-2.45)* 1.48 (1.02-2.16)*

45-54/Areas of origin: 10,777 0.03
  Deprived 35.18 31.52 1.04 (0.69-1.56) 1.08 (0.71-1.63)
  Non-deprived 29.38 21.00 1.56 (1.03-2.39)* 1.34 (0.87-2.05)

55-64/Areas of origin: 9,544 0.06
  Deprived 26.08 38.97 0.56 (0.33-0.93)* 0.56 (0.33-0.93)*
  Non-deprived 37.87 29.44 1.44 (0.88-2.37) 1.37 (0.83-2.26)

65-84/Areas of origin: 11,930 0.02
  Deprived 58.01 45.55 1.71 (1.04-2.79)* 1.72 (1.05-2.82)*
  Non-deprived 47.66 39.16 1.39 (0.85-2.26) 1.35 (0.83-2.20)

All/Areas of origin: 61,687 0.02
  Deprived 25.85 27.57 0.79 (0.66-0.93)* 0.80 (0.67-0.95)*
  Non-deprived 27.39 21.37 1.30 (1.11-1.53)* 1.17 (1.00-1.37)

* The association is statistically significant with p≤0.05, two-sided test.

a The age-specific prevalence rates are age-standardized (calculated by 5-year intervals) using the Dutch population for 

the year 2008 as the standard population.

b Proportion of variance explained by the random area-level component in the regression model with full control.  

c Control variables include gender and age only.

d Control variables include gender, age, family type, education, equivalent household income, and  employment status.
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Tables 4 and 5 show that for all age groups together and for people aged 25–34 years health 

inequalities between deprived and non-deprived areas were smaller in the migrant population 

than in the non-migrant population. For most other age groups, about equally large differences 

in health inequalities between migrant and non-migrant populations could be observed, even 

though this cannot be demonstrated with statistical significance possibly due to small number 

of cases. Only for the age group 35–44 years, area inequalities in health among migrants seem 

larger [for general health and the model with full control: OR 2.51 (1.37–4.62)] than the area 

inequalities in health within the non-migrant population [OR 2.26 (1.96–2.60)], although not 

statistically significant. For all age groups, significant area inequalities in health were found for 

non-migrants. In contrast, the health of migrants (for all age groups together) did not clearly 

differ between deprived and non-deprived areas [OR 1.08 (0.82–1.41)]. When controlling for 

demographic and socio-economic variables, the differences in health between deprived and 

non-deprived areas was reduced to a small extent in almost all age groups. The reduction was 

largest for migrants and non-migrants aged 35–54 years. The Likelihood ratio test showed that, 

for some age groups, the odds ratio of migrants was statistically different (smaller) from the odds 

ratio of non-migrants (p B 0.05), while for many other age groups the p value was small but not 

below the 0.05 level.
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Table 4: Odds ratios (ORs) comparing deprived to non-deprived areas for the risk of having less 

than good perceived general health, The Netherlands 2006
Migration status Number of 

respondents
OR deprived areas vs. non-deprived 
areas (95% confidence intervals)
Limited controlb     Full controlc

Area-level 
variancea

p-value of LR 
testd

18-24 years 8,136 0.44 0.74
   Migrants living in 1.27 (0.35-4.62)          1.16 (0.32-4.19)
   Non-migrants living in 1.54 (1.17-2.03)* 1.43 (1.09-1.88)*

25-34 years 9,751 0.13 0.01
   Migrants living in 0.79 (0.43-1.43) 0.74 (0.41-1.35)
   Non-migrants living in 1.83 (1.54-2.19)* 1.65 (1.38-1.98)*

35-44 years 11,522 0.17 0.73
   Migrants living in 2.74 (1.49-5.02)* 2.51 (1.37-4.62)*
   Non-migrants living in 2.56 (2.23-2.95)* 2.26 (1.96-2.60)*

45-54 years 10,777 0.02 0.09
   Migrants living in 1.34 (0.74-2.43) 1.22 (0.66-2.22)
   Non-migrants living in 2.35 (2.10-2.62)* 2.08 (1.86-2.32)*

55-64 years 9,544 0.00 0.10
   Migrants living in 0.96 (0.44-2.10) 0.95 (0.43-2.08)
   Non-migrants living in 1.92 (1.73-2.13)* 1.83 (1.65-2.03)*

65-84 years 11,930 0.06 0.13
   Migrants living in 0.83 (0.41-1.68) 0.81 (0.40-1.64)
   Non-migrants living in 1.42 (1.30-1.56)* 1.41 (1.29-1.54)*

All 61,687 0.05 0.00
   Migrants living in 1.15 (0.88-1.51) 1.08 (0.82-1.41)
   Non-migrants living in 1.84 (1.73-1.94)* 1.74 (1.64-1.83)*

* The association is statistically significant with p≤0.05, two-sided test.

a Proportion of variance explained by the random area-level component in the regression model with full control.  

b Control variables include gender and age only.

c Control variables include gender, age, family type, education, equivalent household income, and employment 

status. 

d The likelihood ratio test of the models with full control, to assess whether the odds ratio of migrants is different 

from the odds ratio of non-migrants.  
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Table 5: Odds ratios (ORs) comparing deprived to non-deprived areas for the risk of having a 

longstanding health problem, The Netherlands 2006
Migration status Number of 

respondents
OR deprived areas vs. non-deprived 
areas (95% confidence intervals)

Area-level 
variancea

p-value of LR 
testd

Limited controlb     Full controlc

18-24 years 8,136 0.00 0.11
   Migrants living in 1.68 (0.83-3.39) 1.55 (0.77-3.14)
   Non-migrants living in 0.94 (0.78-1.13) 0.88 (0.73-1.06)

25-34 years 9,751 0.13 0.51
   Migrants living in 1.02 (0.66-1.60) 0.96 (0.61-1.50)
   Non-migrants living in 1.19 (1.02-1.37)* 1.12 (0.97-1.30)

35-44 years 11,522 0.04 0.20
   Migrants living in 2.13 (1.24-3.67)* 1.98 (1.14-3.41)*
   Non-migrants living in 1.53 (1.36-1.71)* 1.37 (1.22-1.54)*

45-54 years 10,777 0.03 0.03
   Migrants living in 0.87 (0.49-1.56) 0.80 (0.45-1.44)
   Non-migrants living in 1.72 (1.55-1.91)* 1.55 (1.39-1.72)*

55-64 years 9,544 0.06 0.68
   Migrants living in 1.72 (0.85-3.47) 1.69 (0.83-3.43)
   Non-migrants living in 1.51 (1.36-1.68)* 1.45 (1.30-1.61)*

65-84 years 11,930 0.02 0.04
   Migrants living in 0.63 (0.32-1.26) 0.62 (0.31-1.23)
   Non-migrants living in 1.29 (1.18-1.40)* 1.27 (1.17-1.38)*

All 61,687 0.02 0.17
   Migrants living in 1.20 (0.95-1.50) 1.12 (0.89-1.40)
   Non-migrants living in 1.38 (1.32-1.45)* 1.31 (1.25-1.38)*

* The association is statistically significant with p≤0.05, two-sided test.

a Proportion of variance explained by the random area-level component in the regression model with full control.  

b Control variables include gender and age only.

c Control variables include gender, age, family type, education,  equivalent household income, and employment 

status. 

d The likelihood ratio test of the models with full control, to assess whether the odds ratio of migrants is different 

from the odds ratio of non-migrants.  
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DISCUSSION

This study explores potential differences between age groups with regard to the effect of 

migration on inequalities in health between deprived and non-deprived areas in the Netherlands. 

First, we found that, for all ages and people aged 35–44 and 55–64 years, migrants moving out of 

deprived areas were healthier than those who stayed behind. These health differences were not 

attributable to demographic and socio-economic characteristics. Migrants aged 35–54 years and 

moving out of non-deprived areas were unhealthier that those who stayed behind, while no such 

differences in health were found in other age groups. These health differences were only partly 

attributable to demographic and socio-economic characteristics. Second, for all ages together 

and for people aged 25–34 years we found smaller area inequalities in health among migrants 

compared with non-migrants. For most other age groups, about equally large differences were 

observed. Only for the age group 35–44 years, area inequalities in health among migrants 

were slightly larger than among non-migrants. For most age groups, the results do not provide 

empirical support to the expectation that migration would enlarge inequalities in health between 

deprived and non-deprived neighbourhoods.

Evaluation of data 

The strength of this study is the availability of data on health status in a large representative 

sample of the national Dutch population aged 18–84 years. However, potential limitations of 

these data merit consideration.

First, by using a two-year definition of migration, it is possible that we underestimate, although 

capture, the effects of migration. However, even were we to have complete residential histories 

for all respondents in the study, it would be hard to decide what the most proper migration 

window would be. Half of the studies that have assessed the influence of migration on area 

inequalities in health used a migration window shorter than 10 years3,13-16 and the other half 

used a longer migration window.6,9-12 These short-window studies suggest that migration does 

not strengthen the health-deprivation relationship,3,14-16 whereas most studies who used a 

long migration window found a large impact of the migration process on area differences in 

health.6,10,11

Second, the response rate was 59 %. Non-response includes people that were unapproachable 

because of recent death, recent emigration, or untraceable address. If the non-response were 

to be strongly related both to migration status and to health status, this would have biased our 

results. The WoON survey, however, documents that non-response is hardly related to deprivation 
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status. The response rate for deprived neighbourhoods was 56 % and for other neighbourhoods 

in the Netherlands it was 60 %. The relationship to migration status is not documented. Thus, 

although non-response bias cannot be excluded, we do not see a major reason to expect this 

effect to be large.  

Finally, in this study health was ascertained after respondents had moved. Migration is considered 

a stressful life-event that could be linked with higher chances of developing illness.24 Therefore, 

migration could have influenced health status in such a way as to increase the prevalence of ill-

health among migrant populations. As a result, health differences between migrants and those 

who stay in areas of origin (shown in Tables 2, 3) may reflect both the effect of migration on 

health and the other way around. In this paper, however, we do not aim to disentangle the causal 

mechanisms underlying the health status of migrants. Instead, we aimed to assess whether 

migrants could have influenced area inequalities in health as observed at one specific point in 

time (shown in Tables 4, 5).

Comparison with other studies and explanations

For most age groups, the results do not provide empirical support to the expectation that migration 

would enlarge health differences between deprived and non-deprived neighbourhoods. The 

smaller differences in health among migrants even suggest that migration possibly attenuates 

area inequalities in health. In line with our results, Connolly et al. (2007)9 found that at older 

ages migration is narrowing mortality differentials between areas. Similarly, Martikainen et al. 

(2008)12 only found a small effect on area inequalities in health for participants aged 45–64 

years and suggested such a small effect at ages 25–44 years. Our results suggest that the role of 

migration may strongly vary within the latter age group and that a distinction should be made 

between those younger versus older than about 35 years.

Among people aged 35–44 years, migration seems to maintain the size of inequalities in health 

between deprived and non-deprived neighbourhoods. Especially in this age group, migrants 

moving into deprived areas are much unhealthier than those moving into non-deprived areas. Our 

results suggest an important role of demographic and socio-economic factors. In this age group, 

migrants moving out of non-deprived areas had a lower income level compared with migrants 

moving out of deprived areas. In addition, in this age group, the proportion of people who receive 

welfare was approximately three times larger for the migrants moving out of non-deprived areas. 

Welfare recipients have poor health25,26 and struggle with numerous health problems (e.g. poorer 

physical functioning, increased risk of cardiovascular disease, anxiety, pain), have a higher level 

of psychological distress, reduced psychological well-being and are more likely to experience 
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mental disorders.27-30 A second explanation relates to marital and family status. For the age group 

35–44 years, we found that migrants moving out of non-deprived areas were more likely to be 

single as compared with migrants moving out of deprived areas. Adults without a partner have 

a worse health and a higher chance of dying than adults with a partner.31-33 Furthermore, for this 

age group, a larger proportion of migrants moving out of non-deprived areas belonged to a one-

parent family compared with migrants moving out of deprived areas. Belonging to a one parent 

family is strongly associated with overall morbidity.34

Our results suggest that in many age groups, migrants moving out of deprived areas are healthier 

compared with people who stay behind in deprived areas. However, the opposite was true for 

elderly migrants who were unhealthier than the people who stayed in deprived areas. It has 

been shown that elderly people are more likely to move if they were ill.17 It is likely that an 

important part of elderly people who move out of deprived areas may do so because of poor 

health and the ensuing need to live close to health care facilities.

Implications

Given the relationship between migration and health, it is generally expected that selective 

migration contributes to inequalities in health between deprived and non-deprived areas. However, 

this study shows that in most age groups, including the elderly, selective migration does not seem 

to have enlarged these inequalities. It is only among middle-aged people that health-selective 

migration could have enlarged inequalities in health between deprived and non-deprived areas. 

We should, however, note that the number of middle-aged people that are migrating between 

deprived and non-deprived areas is relatively small, especially as compared with younger ages 

(Table 1). As a result, the effect of migration at ages 35–44 years on area inequalities in health, if 

any, can only be modest.

We conclude that, even though selective migration could in principle enlarge health inequalities it 

may more likely have the effect to reduce the unequal distribution of health within cities. These 

insights are important for health impact evaluations of neighbourhood improvement programmes 

such as the Dutch district approach. The success of such programmes in reducing inequalities in 

health between deprived and non-deprived areas may depend on the extent to which they would 

be able to change migration flows in such a way as to attract well-to-do people from elsewhere 

and prevent out-migration of residents with a favourable social position and good health. For this, 

it may be critical for neighbourhood programmes to retain well-to-do residents by improvement of 

living conditions and housing stock, especially for middle-aged people and their families.
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ABSTRACT

Background

There is limited evidence on the causality of previously observed associations between 

neighbourhood traffic safety and physical activity (PA). This study aims to contribute to this 

evidence by assessing the extent to which changes over time in neighbourhood traffic safety 

were associated with PA.

Methods

Data were accessed from the national survey Netherlands Housing Research for 2006 and 2009. 

The two samples of in total 57,092 Dutch residents aged 18–84 years lived in 320 neighbourhoods. 

Using multi-level hurdle models, the authors assessed whether the odds of being physically 

active and the mean hours of PA among active people (in 2009) were related to the levels of 

neighbourhood traffic safety (in 2006) and changes in the levels of neighbourhood traffic safety 

(between 2006 and 2009). Next, we examined if these associations varied according to gender, 

age, and employment status.

Results

Higher levels of neighbourhood traffic safety were associated with higher odds of being active (OR 

1.080 (1.025–1.139)). An increase in levels of neighbourhood traffic safety was associated with 

increased odds of being active (OR 1.060 (1.006–1.119)). This association was stronger among 

women, people aged 35 to 59, and those who were gainfully employed. Neither levels of traffic 

safety nor changes in these levels were associated with the mean hours of PA among people who 

were physically active (OR 0.997 (0.975–1.020); OR 1.001 (0.978–1.025), respectively).

Conclusion

Not only levels of neighbourhood traffic safety, but also increases in neighbourhood traffic safety 

were related to increased odds of being active. This relationship supports claims for a causal 

relationship between neighbourhood traffic safety and PA.
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INTRODUCTION

Regular physical activity (PA) is strongly related to better health outcomes.1 Population levels of 

PA remain relatively low in most countries. In the Netherlands, 56% of the Dutch population over 

15 years of age is not sufficiently physically active.2

Social ecological models3 posit that factors at multiple levels (including individual, social, and 

physical environmental factors) all influence health behaviors such as PA. A growing number of 

studies have reported neighbourhood environmental factors that are associated with adults’ PA. 

Examples of such factors are neighbourhood safety, access to facilities, and enjoyable scenery.4

Neighbourhood traffic safety as a possible determinant of PA has received much attention in 

recent literature. Several crosssectional studies have assessed the association between traffic

safety or aspects of traffic safety (e.g. traffic volume, traffic speed) and PA,5-17 including 

walking,10,17-25 among adults. The large majority of these studies used self-reported measures of 

PA.5-8,10-21,23-25 A meta-analysis26 reported mostly positive associations across studies between PA 

and the absence of traffic. Some other studies replicated this finding.6,7,13 However, of the more 

recent studies, most reported that traffic safety was not associated with PA.5,8-12,15-17 With regard 

to walking, recent research on the association with traffic safety showed inconsistent results. Six 

studies showed a lack of association,10,19-23 two studies found a positive association,24,25 and two 

studies reported a negative association.18,22

Virtually all studies measured traffic safety at one moment in time. Yet, in order to obtain stronger 

evidence on the causality of the reported associations, more advanced study designs are needed, 

including evaluations of ‘‘natural policy experiments’’ and studies that focus on more general 

changes in traffic safety.27 Even so, almost no studies have assessed the effect of changes (as 

opposed to levels) in traffic safety on PA behavior. To our knowledge, the only exception to this 

was a study by Humpel et al.,28 which however measured changes over a period of only 10 weeks.

The present study aimed to investigate the extent to which levels of traffic safety and changes 

over time in levels of traffic safety were associated with participation in physical activity and 

sport among adults. The specific aims were:

•	  First, in an analysis of traffic safety measured at one moment in time, we aimed to assess 

whether traffic safety measured in 2006 was related to the odds of being physically 

active and the mean hours of PA (among people who were physically active) in 2009.
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•	  Second, we focused on neighbourhood changes in the levels of traffic safety between 

2006 and 2009. We aimed to assess whether positive changes in levels of traffic safety 

were associated with increased odds of being active and with increased mean hours of 

PA in 2009.

•	  Finally, we aimed to assess whether these associations varied according to gender, age, 

and employment status.

For this last sub-aim, we expected to find the effect of traffic safety to be stronger for residents 

who spent a great deal of time in their neighbourhood, who, in the Dutch context, are generally 

women, older people, and those who were not gainfully employed. A few studies have found the 

association between traffic safety and PA to be gender-specific.28-30 Humpel et al.28 demonstrated 

that increases in perceived traffic safety were related to an increase in walking in women but not 

in men. Timperio et al.29 and Ishii et al.30 reported that traffic safety was negatively associated 

with PA/active commuting among males, while no association was found among females. 

Older people might be particular vulnerable to unsafe traffic.31 An USA study32 found a negative 

association between neighbourhood safety and inactivity for adults aged over 65 years, but not 

for younger adults.

METHODS 

Population

We used data from the cross-sectional Netherlands Housing Survey 2006 and 2009 (WoON06 

and WoON09),33,34 conducted by The Ministry of Housing, Spatial Planning, and the Environment 

and the Central Bureau of Statistics. The WoON is a large-scale three-yearly national survey 

among people aged 18 and over. This survey focuses on housing quality and housing needs, but 

also includes data on both traffic safety and PA among respondents in various areas. Sample 

selection was conducted using municipal registration information. The samples drawn within 

municipalities were stratified by clusters defined in terms of age, gender, country of birth, and 

municipality (i.e. living or not in one of the four largest municipalities). The sample design took 

account that population groups with different demographic and geographic characteristics show 

differences in response-rates. Some municipalities were oversampled. The data collection was 

carried out by both telephone, face to face interviewing, and internet. The response rates were 

70.9% and 62.6% for WoON06 and WoON09 respectively.

A neighbourhood was defined by its 4-digit postal code. In the Netherlands, these areas are 8.3 

km2 and comprise approximately 4,000 residents, on average. To accurately assess changes in 
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neighbourhood traffic safety between 2006 and 2009 we included only neighbourhoods that had 

a minimum of 30 respondents in both surveys. As a result, we included in total 25,309 (WoON06) 

and 31,783 (WoON09) respondents living in 320 neighbourhoods and aged 18 to 84.

Outcome Variable

Our dependent variable was self-reported PA by 2009 respondents. PA was measured in the 

single question ‘‘How many hours a week do you spend on physical activity or sports?’’ Figure 1 

presents the frequency distribution of the reported number of hours (range 0–40 hours). A large 

number of people reported 0 hours of PA (23.4%). For those who were engaging in PA at least 

one hour per week (referred to as physically active), the mean was 6.3 hours of PA. Respondents 

who reported more than 40 hours of PA per week, were assumed to be physically active for 40 

hours per week.

Predictor Variables

The main predictor variables in this study were the levels of traffic safety in 2006 and changes in 

these levels between 2006 and 2009. In the WoON surveys, traffic safety levels in 2006 and 2009 

were measured using an identical statement ‘‘I think the traffic situation in this neighbourhood is 

safe’’, with responses on a 5-point scale varying from ‘‘strongly agree’’ to ‘‘strongly disagree.’’ The level 

of traffic safety in neighbourhoods in 2006 and 2009 respectively was measured as the percentage of 

the neighbourhood population who replied positively (‘‘strongly agree’’ or ‘‘agree’’) to this question.

The levels of traffic safety were thus measured at the neighbourhood-level, by averaging the individual-

level measures over all respondents living in the same postal code area, for 2006 and 2009 separately. 

In a similar way, changes in the levels of traffic safety between 2006 and 2009 were measured at the 

neighbourhood level, by subtracting each neighbourhood’s score in 2006 from that in 2009. 

A range of socio-demographic covariates were used as control variables at the individual-level. These 

were gender (male and female), age (continuous variable), employment status (gainfully employed 

versus not gainfully employed), education (four categories, based on the highest educational level 

achieved: no education/elementary, lower secondary, upper secondary, and tertiary education), 

and disposable equivalent household income (categorized in quartiles, calculated by dividing the 

disposable household income by the square root of the number of household members).35
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Data Analyses

First, we used scatter plots to examine the association of PA with the levels of neighbourhood 

traffic safety in 2006 and changes therein between 2006 and 2009. In agreement with subsequent 

analyses (see below), PA was decomposed in two measures: the proportion of respondents who 

reported at least one hour of PA, and number of hours of PA for the physically active respondents. 

The first measure was presented as odds by plotting it on the logit scale, while the latter measure 

was presented on the logarithmic scale.

Hurdle models were used to investigate how PA outcomes among the 2009 survey respondents 

were related to neighbourhood and individual characteristics. Hurdle models apply a two-

component approach, which combines the analysis of factors associated with the prevalence 

of PA (i.e. the odds of being physically active; the first component) and factors associated with 

the frequency of PA (i.e. the mean hours of PA among those who were physically active (at 

least one hour per week); the second component). Hurdle models have the advantage of being 

able to model the disproportionate number of respondents with 0 hours of PA (see Figure 1). 

Furthermore, they allow for separate estimates of the factors associated with prevalence of 

activity and with the amount of activity.

Figure 1: Frequency distribution of PA.
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Our model was estimated using logistic regression to model the dichotomous outcome of being 

physically active, while a zerotruncated negative binomial regression was used to model the 

mean hours of PA among those who were physically active. For the logistic regression analyses, 

the association with predictors is reported using odds ratios (ORs) and 95% confidence intervals 

(CIs). For the negative binomial regression analyses, associations are reported using activity 

intensity ratios and 95% CIs. The activity intensity ratio is interpreted as the decrease or increase 

in the number of hours of PA per one-unit increase in the independent variable.

For the regression analyses, we rescaled the traffic safety variable in such a way that one unit 

increase corresponds to a meaningful change in levels of traffic safety within neighbourhoods,

which we defined as a 10 % increase in the number of residents who report their neighbourhood 

to be safe. Hence, an odds ratio of 1.20 indicates an increase of 20% in the odds of PA when 

neighbourhood safety levels increase by this 10%, while activity intensity ratio of 1.20 indicates 

an increase of 20% in the number of hours of PA.

All regression models included gender, age, employment status, education, and household 

income as individual-level control variables. To account for possible dependencies between 

observations within a neighbourhood, we included random intercepts in the model. Level 1 was 

defined as the individual, and level 2 was defined as neighbourhood.

We included two area-level variables: level of neighbourhood traffic safety in 2006, and degree 

of change in traffic safety between 2006 and 2009. In a next step, we decomposed the change 

variable into two components: a measure identifying areas with improvement in traffic safety 

(equal to the change variable if change was positive; 0 if change was negative) and a measure 

identifying areas with decline in traffic safety (equal to the change variable if change was negative; 

0 if change was positive). Finally, we applied stratified analyses to assess whether associations 

varied according to gender, age, and employment status.

Data were analysed using the statistical packages R version 2.11.1 and SAS version 9.2.
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RESULTS 

Table 1 shows that, on average, there were small differences between the survey participants 

in 2006 and 2009 with regard to distribution by gender, age, educational level, and household 

income. About 10% more 2006 survey participants were not gainfully employed compared to the 

2009 survey sample.

Table 1: Descriptive statistics of the study sample for 2006 (N=25,309) and 2009 (N=31,783) 

respectively

Respondents in 2006 (%) Respondents in 2009 (%)

Gender*

  Female 53.42 55.61

Age (in years)*

  18-34 29.27 28.74

  35-59 43.74 42.94

  60-84 26.99 28.32

Socioeconomic variables

Employment status*

  Not gainfully employed 42.38 32.92

Educational level*

  No education/elementary 12.32 8.72

  Lower secondary 30.78 28.13

  Upper secondary 32.16 35.40

  Tertiary education 24.73 27.74

Disposable equivalent household 
income 

  Low 25.74 26.25

  Medium-low 25.03 25.29

  Medium-high 24.88 25.03

  High 24.35 23.42

* The distribution in 2009 is different from the distribution in 2006 with P≤0.05, two-sided. Generalised linear 

mixed models, corrected for neighbourhood-level clustering effects.

Table 2 shows that on average 68% of the neighbourhood population found the traffic situation in 

their neighbourhood to be safe. This neighbourhood traffic safety score varied from approximately 

58% for the neighbourhoods at the 10th percentile to about 79% for the neighbourhoods at the 

90th percentile.
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Table 2: Mean, standard deviations (SD), and percentile distribution for traffic safety in 2006 and 

change in traffic safety between 2006 and 2009, for 2009 respondents

Predictor Predictor

Traffic Safetya Change in Traffic Safetyb

Mean 68.22 -4.47

SD 8.99 8.28

Percentiles of respondents 
(Percentiles of neighbourhoods)

  10 57.69 (57.80)  -14.34 (-16.69)

  25 63.83 (63.58)  -9.81 (-9.84)

  50 68.57 (69.23)  -4.33 (-3.64)

  75 74.58 (75.00) 1.05 (1.79)

  90 78.99 (79.42) 5.13 (7.72)

a Measured as the % of the neighbourhood population in 2006 who think the traffic situation in this neighbourhood 

is safe.

b Measured by subtracting the traffic safety neighbourhood score in 2006 from that in 2009, per neighbourhood.

Figure 2 visualizes the levels of neighbourhood traffic safety scores in the years 2006 and 2009. 

Levels of neighbourhood traffic safety scores of the survey samples in 2006 and 2009 were 

moderately correlated (a correlation coefficient of 0.52). Many neighbourhoods experienced 

either a main improvement or a main deterioration in reported levels of traffic safety between 

2006 and 2009.

Figures 3, 4, 5, 6 present associations of the two traffic safety measures (both levels in 2006 and 

changes between 2006 and 2009) with the two PA variables. The proportion of people reporting 

PA in 2009 was positively associated with both the levels of traffic safety in 2006 and changes 

in the levels of traffic safety between 2006 and 2009. No associations were found between the 

mean hours of PA (among those who were physically active) and the two traffic safety variables 

(Figures 5 and 6).
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Figure 2: Traffic safety in neighbourhoods: 2009 levels plotted against 2006 levels (both measured 

at neighbourhood level). Correlation coefficient is 0.52.

Figure 3: Prevalence of PA in 2009 in relation to levels of traffic safety in 2006. Prevalence of PA is 

measured as crude logit. Relationship depicted by a Loess curve based on 1 degree of freedom.
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Figure 4: Prevalence of PA in 2009 in relation to change in traffic safety between 2006 and 2009. 

Prevalence of PA is measured as crude logit. Relationship depicted by a Loess curve based on 1 

degree of freedom.

Figure 5: Frequency of PA in relation to levels of traffic safety in 2006. Frequency of PA is measured 

as log of hours of PA among those who are active. Relationship depicted by a Loess curve based 

on 1 degree of freedom. 
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Figure 6: Frequency of PA in relation to change in traffic safety between 2006 and 2009. 

Frequency of PA is measured as log of hours of PA among those who are active. Relationship 

depicted by a Loess curve based on 1 degree of freedom.

Table 3 shows that living in neighbourhoods characterized by higher levels of traffic safety was 

associated with increased odds of being active. An increase in the levels of traffic safety between 

2006 and 2009 was associated with an increase in odds of the neighbourhood population being 

active. Neither the levels of traffic safety in 2006 nor the trends in the period 2006–2009 were 

associated with the mean hours of PA (among those who were physically active).
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Table 3: Association of physical activity in 2009 with traffic safety in 2006 and change in traffic 

safety between 2006 and 2009, and socio-demographic variables, for 2009 respondentsa

Prevalence of Being Physically Active 
in 2009 
(zerob versus at least 1 hour per week)

Frequency of Physical Activity in 2009 
(number of hours of PA, among those 
who are active)

Predictors Odds ratios (95% CI)   Activity Intensity Ratioc (95% CI)

Neighbourhood

  Traffic safety in 2006d  1.080 (1.025-1.139)*                         0.997 (0.975-1.020)

  Change in traffic safety in         
  2006-2009e

1.060 (1.006-1.119)* 1.001 (0.978-1.025)

Individual

  Age (in years) 0.995 (0.993-0.997)* 1.003 (1.002-1.004)*

  Gender

    Male 1.000 1.000

    Female 1.036 (0.980-1.095) 0.797 (0.775-0.819)*

  Education

    No education/elementary 1.000 1.000

    Lower secondary 1.642(1.499-1.799)* 1.031 (0.971-1.094)

    Upper secondary 2.551 (2.315-2.801)* 0.911 (0.858-0.967)*

    Tertiary 4.016 (3.610-4.464)* 0.776 (0.730-0.825)*

  Employment status  

    Not gainfully employed  1.000 1.000

    Gainfully employed  0.858 (0.795-0.925)* 0.918 (0.883-0.954)*

  Household income 

    Low 1.000 1.000

    Medium-low 1.344 (1.248-1.445)* 0.984 (0.945-1.025)

    Medium-high                             1.555 (1.437-1.684)* 0.928 (0.891-0.967)*

    High 1.953 (1.786-2.132)* 0.917 (0.879-0.958)*

*The association is statistically significant by P≤0.05, two-sided.

a The analysis only includes neighbourhoods with a minimum of 30 respondents per survey year.   

b Reference group.

c Activity intensity ratio for those who reported being physically active for at least one hour per week.

d One unit change corresponds to an increase by 10% points in the proportion of residents reporting their 

neighbourhood to be safe. 

e One unit change corresponds to an increase by 10% points in changes in levels of traffic safety between 2006 and 

2009. 
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Table 4 shows that the odds of the neighbourhood population being active in 2009 were slightly 

higher in districts that experienced a positive change in traffic safety between 2006 and 2009, 

and slightly lower in districts with a negative change (though the latter associations were not 

statistically significant). Neither a positive or negative change in the levels of traffic safety 

between 2006 and 2009 were associated with the mean hours of PA (among those who were 

physically active).

Table 4: Association of physical activity in 2009 with traffic safety in 2006 and the degree of 

positive or negative change in traffic safety between 2006 and 2009, for 2009 respondentsa

Prevalence of Being Physically Active 
in 2009 
(zerob versus at least 1 hour per week)

Frequency of Physical Activity in 2009 
(number of hours of PA, among those 
who are active)

Predictorsd Odds ratios (95% CI) Activity Intensity Ratioc (95% CI)

Neighbourhood

  Traffic safety in 2006e 1.087 (1.031-1.147)* 1.002 (0.979-1.026)

  Positive change in traffic     
  safety in  2006-2009f

1.071 (0.943-1.215) 0.998 (0.943-1.056) 

  Negative change in traffic 
  safety  in 2006-2009f

1.065 (0.989-1.147) 0.997 (0.964-1.030)

*The association is statistically significant by P≤0.05, two-sided.

a The analysis only includes neighbourhoods with a minimum of 30 respondents per survey year.   

b Reference group.

c Activity intensity ratio for those who reported being physically active for at least one hour per week.

d Controlled for gender, age, employment status, education, and household income.

e One unit change corresponds to an increase by 10% points in the proportion of residents reporting their 

neighbourhood to be safe.

f One unit change corresponds to an increase by 10% points in changes in levels of traffic safety between 2006 and 

2009. 

Table 5 shows that, for all demographic subgroups, the levels of traffic safety in 2006 and the trends 

in the period 2006–2009 were consistently associated with increased odds of the neighbourhood 

population being active. These associations were stronger among women, people aged 35 to 59, 

and those who were gainfully employed. The association with levels of traffic safety in 2006 was 

also relatively strong among people aged 18 to 34. As in previous analyses, no associations were 

observed with the mean hours of PA (among those who were physically active).
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Table 5: Association of physical activity in 2009 with traffic safety in 2006 and change in traffic 

safety between 2006 and 2009 according to gender, age, and employment status, for 2009 

respondentsa  

Predictor Predictor

Traffic Safety in 2006b  Change in Traffic Safety in 2006-2009c

Prevalence of Being 
Physically Active in 
2009de

Frequency of 
Physical Activity in 
2009f

Prevalence of Being 
Physically Active in 
2009de

Frequency of 
Physical Activity in 
2009f

Odds ratios 
(95% CI)

Activity Intensity 
Ratiog (95% CI)

Odds ratios 
(95% CI)

Activity Intensity 
Ratiog (95% CI)

Genderh

  Male 1.055 (0.991-1.124) 0.998 (0.968-1.029) 1.050 (0.985-1.121) 0.999 (0.968-1.031)

  Female 1.096 (1.031-1.166)* 1.002 (0.971-1.033) 1.066 (1.002-1.135)* 1.006 (0.974-1.038)

Ageh (in years)

  18-34 1.085 (1.004-1.171)* 0.997 (0.961-1.036) 1.014 (0.935-1.100) 0.995 (0.956-1.035)

  35-59 1.109 (1.037-1.185)* 0.989 (0.956-1.023) 1.078 (1.008-1.153)* 0.999 (0.965-1.034)

  60-84 1.028 (0.953-1.107) 1.017 (0.983-1.052) 1.042 (0.964-1.125) 1.013 (0.978-1.049)

Employment statush  

  Gainfully employed  1.099 (1.035-1.167)* 1.003 (0.976-1.031) 1.063 (1.000-1.129)* 1.006 (0.979-1.034)

  Not gainfully  
  employed  

1.055 (0.981-1.134) 0.983 (0.951-1.016) 1.052 (0.976-1.133) 0.986 (0.952-1.020)

*The association is statistically significant by P≤0.05, two-sided.

a The analysis only includes neighbourhoods with a minimum of 30 respondents per survey year.   

b One unit change corresponds to an increase by 10% points in the proportion of residents reporting their 

neighbourhood to be safe.

c One unit change corresponds to an increase by 10% points in changes in levels of traffic safety between 2006 and 

2009. 

d Odds ratios were calculated on zero versus at least 1 hour physically active per week.

e Reference group were respondents who reported zero hours of PA.

f Number of hours of PA, among those who reported being physically active for at least one hour per week.

g Activity intensity ratio for those who reported being physically active for at least one hour per week.

h Control variables include gender, age, employment status, education, and household income (when applicable).
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DISCUSSION 

Key Findings

This study explores the extent to which the levels of traffic safety in 2006 and changes over time 

in the levels of traffic safety were associated with PA. We found that levels of neighbourhood 

traffic safety in 2006 were related to increased odds of the neighbourhood population being 

active in 2009. However, traffic safety levels were not related to the mean hours of PA (among 

those who were physically active). Similarly, we found that an increase in traffic safety levels 

between 2006 and 2009 was related to increased odds of being active in 2009, but not to the 

mean hours of PA. Thirdly, these positive associations with the odds of being active were found 

for all demographic groups, but tended to be stronger among women, people aged 35 to 59, and 

those who were gainfully employed.

Evaluation of Potential Data Problems

Selective migration is a potential bias if individuals who are already physically active select 

neighbourhoods based on their activity-related amenities.36 Cross-sectional studies with a 

onetime measure of environmental conditions are particularly vulnerable to such bias. However, 

in our study, we focused on changes in neighbourhood traffic safety over a relatively short time 

span. As migration flows are unlikely to respond rapidly and substantially within such a short 

period of time, we expect selective migration to have a negligible effect on the associations that 

we observed with changes in traffic safety.

The response rates were 70.9% and 62.6% for WoON06 and WoON09 respectively. These non-

response rates do not count people who were unapproachable because of recent death, recent 

emigration, or untraceable addresses. If the non-response had been strongly related to both 

neighbourhood traffic safety and PA, this would have biased our results. The WoON06 and 

WoON09 surveys show that non-response rates vary little according to place of residence,33,34 

suggesting a weak relationship to levels of neighbourhood traffic safety. Though non-response 

bias cannot be excluded, we expect this effect to be minor.

Traffic safety was measured with only one broad question, which aimed to cover several aspects 

of local safety. This might have been an advantage compared to studies that measured only one 

aspect of traffic safety, such as traffic volume.8,10,14,22 Nonetheless, the ideal would be to measure 

traffic safety using a reliable and validated questionnaire consisting of multiple items that cover 

different aspects of traffic safety.7 Future research should assess changes over time in levels of 

traffic safety using more comprehensive indicators of traffic safety.
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Research has shown the relation between subjective and objective traffic safety to be weak.37 

In this paper, we preferred to measure traffic safety with self-reports rather than with objective 

measures like for example the registered number of accidents. Reports of traffic safety may reflect 

feelings of being safe in traffic as experienced by the residents.37 People’s decision to be active 

or not in the neighbourhood will probably depend more directly on these personal experiences 

of safety than on objective traffic safety. Given our aim to asses association of changes in traffic 

safety with PA, the use of self-report measures may be more adequate. If, on the other hand, our 

aim would have been to assess which areas were most in need for traffic safety interventions, 

objective measures would be preferred.

The population surveys used in this study only provided one single question to assess PA. Ideally, 

we would have used detailed self-reports of PA assessment38 or objective measurement devices 

such as pedometers and accelerometers. Self-reports of PA suffers from substantial reporting 

bias39 due to both social desirability bias and the cognitive challenge to accurately recall frequency 

and duration of PA.40 For example, studies have shown that adherence to PA recommendations 

according to selfreport is substantially higher than according to objectively measured activity.41 

The use of self-reports could have led to an overestimation of PA, even though the association 

with environmental safety may not be biased. Future research should try to replicate our findings 

from this study using objective measurements of PA.

Our PA measure asked respondents about engagement in physical activity or sports in 

general, part of which would have taken place outside the neighbourhood. However, PA also 

includes walking and bicycling, which in the Netherlands are highly prevalent.42 Furthermore, 

as shops and facilities are within acceptable walking and cycling limits for much of the Dutch 

population, much of walking and cycling occurs within or close to the neighbourhood.43 

Nonetheless, if the associations observed in our study are truly causal, it seems likely that these 

relationships would have been stronger with measures focusing on neighbourhood-related PA. 

Levels of traffic safety were measured at the level of neighbourhoods by aggregating information 

from all respondents living in these same neighbourhoods. To obtain sufficiently stable estimates, 

we restricted the analyses to neighbourhoods with a least 30 respondents in both surveys. 

In further analyses, we evaluated whether we would have obtained other results by further 

restricting the analyses to neighbourhoods with a minimum of 50 respondents in both surveys 

(Table 6). Among this more restrictive set of areas, we also observed the positive associations 

reported above. However, partly due to the lower number of areas and respondents (40% less 

than in the main analyses), the associations were weaker and not statistically significant.
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Table 6: Association of physical activity in 2009 with traffic safety in 2006 and change in traffic 

safety between 2006 and 2009, and socio-demographic variables, for 2009 respondentsa

Prevalence of Being Physically 
Active in 2009 
(zerob versus at least 1 hour per 
week)

Frequency of Physical Activity in 
2009 
(number of hours of PA, among 
those who are active)

Predictors Odds ratios (95% CI) Activity Intensity Ratioc (95% CI)

Neighbourhood

  Traffic safety in 2006d 1.048 (0.962-0.143) 1.001 (0.967-1.035)

  Change in traffic safety in          
  2006-2009e  

1.034 (0.949-1.129) 0.984 (0.951-1.019)

Individual

  Age (in years) 0.993 (0.991-0.996)* 1.003 (1.002-1.004)*

  Gender

    Male 1.000 1.000

    Female 1.050 (0.979-1.127) 0.791 (0.765-0.819)*

  Education

    No education/elementary 1.000 1.000

    Lower secondary 1.629 (1.449-1.832)* 1.029 (0.954-1.110)

    Upper secondary 2.532 (2.237-2.857)* 0.904 (0.838-0.975)*

    Tertiary 3.759 (3.279-4.310)* 0.770 (0.712-0.833)*

  Employment status  

    Not gainfully employed  1.000 1.000

    Gainfully employed  0.776 (0.704-0.855)* 0.927 (0.883-0.974)*

  Household income 

    Low 1.000 1.000

    Medium-low 1.416 (1.290-1.555)* 0.988 (0.938-1.040)

    Medium-high                             1.647 (1.490-1.821)* 0.939 (0.891-0.989)*

    High 2.165 (1.931-2.421)* 0.934 (0.884-0.986)*

*The association is statistically significant by P≤0.05, two-sided.

a Sensitivity analysis with 50 respondents per neighbourhood.

b Reference group.

c Activity intensity ratio for those who reported being physically active for at least one hour per week.

d One unit change corresponds to an increase by 10% points in the proportion of residents reporting their 

neighbourhood to be safe.

e One unit change corresponds to an increase by 10% points in changes in levels of traffic safety between 2006 and 

2009. 

If socio-demographic differences exist between the 2006 and 2009 survey sample by 

neighbourhood, then the differences in traffic safety could not represent real changes in traffic 
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safety but merely represent a function of differences in respondents’ composition. Furthermore, 

if such differences were correlated with PA this may have led to an overestimation of the 

association between traffic safety and PA. To measure changes in traffic safety more accurately, 

future studies should use longitudinal designs or objective measures of the environment.

Explanations 

A recent Dutch study among children found that higher perceived traffic safety in neighbourhoods 

was associated with more PA.44 It was suggested that traffic safety may influence PA because 

parents discourage their children from playing outside in their neighbourhood when they perceive 

local traffic to be unsafe. If the same reasoning applies to the adults themselves, they would 

restrict PA in their local environment if they perceive traffic to be unsafe. Other explanations may 

relate to problems closely related to traffic safety. For example, neighbourhoods with low traffic 

safety and high traffic volume may have more air pollution and odor nuisance, which may in turn 

discourage local PA.45

Our finding that the levels of traffic safety in 2006 were not associated with mean hours of PA 

is consistent with what has been found in most other studies that also looked at traffic safety 

and frequency of PA.5,11,16 This suggests that traffic safety, if it has a causal effect on PA, it is not 

mainly because it would make active people become more active. The amount of time residents 

are physically active may be influenced more by psychosocial factors than by environmental 

factors.11 However, we cannot exclude the possibility that the nonexistent association between 

traffic safety (both levels and changes) and mean hours of PA could possibly be explained by the 

relatively imprecise measurement used to assess the amount of PA among those who are active. 

We had expected the effects to be stronger for older people and those not gainfully employed, 

as these people spend more time in their neighbourhoods. However, the results did not support 

this expectation. One possible explanation may be that these groups include many people who 

are physically or mentally disabled. Future studies on the association between environmental 

factors and PA are recommended to specifically look at people with disabilities.

Implications

Cross-sectional studies with a measure of traffic safety at one moment in time predominate the 

existing research on the effects on PA. We used a new study design that measured the effect 

of changes over time in the level of traffic safety and compared neighbourhoods with different 

degrees of change. The associations observed with these change measures provide new and 

stronger evidence for a causal relationship between neighbourhood traffic safety and PA. This 
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new evidence supports the expectation that improving traffic safety in neighbourhoods may 

result in an increase in PA among neighbourhood residents. Even though the effect of improving 

traffic safety on individual-level PA may seem small, such improvements affect large populations 

over long periods of time. Future research should aim to add to this type of evidence by using 

the same design in different countries and contexts, or by using even stronger designs, such as 

longitudinal evaluations of natural policy experiments.
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ABSTRACT

There is limited evidence on the causality of previously observed associations between 

neighbourhood characteristics and physical activity (PA). We aimed to assess whether individual-

level PA was associated with changes in fear of crime, social cohesion, green spaces, parking 

facilities, social disorder, and physical disorder that occurred over the past 3 years. In general, in 

neighbourhoods where residents had more favourable perceptions of the environment in 2006, 

residents were more likely to be physically active in 2009. In addition, improvements between 

2006 and 2009 with respect to perceived social cohesion, green spaces, social disorder, and 

physical disorder were associated with increased odds of being active in 2009. For both the levels 

in 2006 and trends in the period 2006–2009, the associations were somewhat stronger among 

women than among men, but associations did not vary by age or length of residence. For several 

environmental factors, we observed that not only the levels at a certain point in time, but also 

recent improvements over time were related to PA. These results provide new support for a 

causal relationship between these environmental factors and PA.
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INTRODUCTION

Physical inactivity has been identified as the fourth leading risk factor for global mortality.1 It has 

been shown that participation in regular physical activity (PA) reduces the risk of cardiovascular 

diseases, some types of cancer, and depression.2 In the Netherlands, only 44% of the population 

older than 15 years are sufficient physically active to accrue health benefits.3

Ecological models of health behavior distinguish individual, social, and environmental 

determinants of behavior, such as physical activity (PA).4 The accumulated evidence of studies 

investigating the impact of environmental factors on PA suggests that different neighbourhood 

characteristics may be associated with PA.5 Of the many studies exploring this association, nearly 

all had a cross-sectional design. It is generally agreed that, due to the cross-sectional design, 

such studies do not provide strong evidence on the  causality of the observed relationships.6,7 

Therefore it is still unclear whether changes in the environment will lead to changes in population 

levels of PA. Stronger evidence on causality may come from intervention studies, which are 

however challenging to do in environmental studies.8 Alternatively, evidence may come from 

the evaluation of “natural experiments” or from studies that assess the effect of “spontaneous” 

changes in environmental factors.

The accumulated predominantly cross-sectional evidence on the association between 

environmental factors and PA addresses, among others, perceived safety, green spaces, social 

cohesion, physical and social disorder, and parking:

•	  Perceived safety from crime is an often explored environmental variable in this type 

of study. Some cross-sectional studies found a positive association of perceived safety 

from crime with PA or walking among adults,9-17 while other cross-sectional studies 

found no statistically significant association.11,14,18-22 

•	  For green spaces, the evidence on the association with PA or walking among adults is 

cross-sectional and inconsistent as well. Whilst some studies suggested that objectively 

measured green spaces can facilitate PA or walking,23,24,25 other studies reported no 

association.24,26-29 Results from studies that measured green spaces subjectively, are 

inconsistent as well. Some studies found positive association of green spaces with 

PA,9,30,31 while other studies found no association.16,22,32 Reviews reported mixed 

results.33,34

•	  Several cross-sectional studies among adults suggested that perceived social cohesion 

in the neighbourhood was associated with higher levels of PA or walking.11,13,17,35,36 
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Two cross-sectional studies found no association.11,37 In an experimental intervention 

study, increase in social cohesion did not lead to an increase in brisk walking in the 

intervention group.8

•	  Cross-sectional studies on physical disorder and PA among either adults or children 

showed inconsistent results. Some studies found that more physical disorder was 

associated with lower levels of PA or walking,16,37-39 other studies reported associations 

with higher levels of PA,9,20,40 while four studies found no association.19,20,41,42

•	  The few cross-sectional studies that have explored the association of social disorder 

with PA have been performed among children and do not show consistent results.41-43

•	  Almost no studies have explored parking facilities and their relationship with PA. A 

Dutch cross-sectional study44 found that fewer parking spaces around the house were 

associated with more PA. A New Zealand crosssectional study45 suggested that fewer 

car parks and higher costs of parking would constitute an important incentive to cycle 

to work instead of car driving. 

The present study aimed to explore the extent to which levels of environmental factors and 

changes over time in levels of environmental factors were associated with PA among adults. We 

used two large-scale nationwide surveys in the Netherlands from 2006 to 2009 with data on 

environmental factors at the postal code level and participation in physical activity and sports at 

the individual-level. Environmental factors measured were perceived safety, green spaces, social 

cohesion, physical and social disorder, and parking. These data were analysed with three specific 

aims.

•	  First, we determined whether the levels of environmental factors measured in 2006 

were related to the odds of being active in 2009.

•	  Second, we determined whether changes in the levels of environmental factors 

between 2006 and 2009 were related to the odds of being active in 2009.

•	  Finally, we examined whether these associations varied according to gender, age, and 

duration of residence.

Previous studies suggested the impact of perceived safety to be gender specific, with a stronger 

effect among women than men.14,16,21,46 However, little is known about gender differences in the 

impact of other environmental factors.16,30,39 To our knowledge, few studies have assessed whether 

environmental correlates of PA are age-specific. One study47 reported that poor neighbourhood 

safety was associated with inactivity among people aged older than 65, but not among younger 

people. Based on this previous research we hypothesise associations between environmental 
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change and PA to be stronger for women and older people. Furthermore, we expected the effect 

to be stronger for residents who have lived longer at the current address, because they have 

been influenced by the current neighbourhood environment for a longer period of time.

METHODS

Population

Data were accessed from the cross-sectional Netherlands Housing Survey 2006 and 2009 (WoON06 

and WoON09),48,49 conducted by The Ministry of Housing, Spatial Planning, and the Environment 

and Statistics Netherlands. The WoON is a large 3-yearly nationwide survey among people aged 

18 and over. This survey focuses on housing quality and people’s housing needs, but also includes 

data on PA and environmental factors. The samples were drawn using the continuous municipal 

population registries. The samples drawn within municipalities were random. Some municipalities 

were oversampled. Questionnaires were administered by means of telephone interviews, face to face 

interviews, and by internet.

A neighbourhood was defined by its 4-digit postal code. In the Netherlands, these areas are 8.3 km2 

large and include about 4000 residents, on average. To accurately assess changes in environmental 

factors between 2006 and 2009 we included only neighbourhoods that had a minimum of 30 

respondents in both surveys. As a result, we included 320 neighbourhoods, with in total 25,309 

(WoON06) and 31,783 (WoON09) respondents. We included only respondents aged 18–84 years. 

Respondents older than 84 years were excluded because a large proportion of these individuals have 

physical impairments that can prevent them from being physically active, independently of the living 

environment. Moreover, a substantial proportion of these respondents may not be included in the 

WoON surveys, such as the institutionalized population. For all ages together WoON06 and WoON09 

had response rates of 70.9% and 62.6% respectively.

Outcome variable

Our outcome variable was PA as reported by the respondents to the 2009 survey. PA was 

measured in the single question “How many hours a week do you spend on physical activity 

or sports?” A disproportionately large proportion of persons were found to be active for 0 h 

per week. In addition, preliminary analyses showed that the environmental factors studied here 

were not related to mean hours of PA among those who had reported at least 1 h of PA. For 

these reasons, we decided to dichotomize the PA measure. The dichotomous variable measured 

whether respondents were engaging in PA at least 1 h per week, whom we labeled “active” 

(76.6% of all respondents) versus “inactive” (23.4%).
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Predictor variables

Neighbourhood-level

Table 1 provides information on the measurement of the variables measured at neighbourhood-

level. Three variables, social cohesion, physical disorder, and social disorder, were composed 

using nine, three, and five survey items respectively. Items were chosen based on measurements 

used for these constructs in previous research.15,19,30,38,39,41,50 For each of these variables, 

composite scores were created by averaging all items. Chronbach’s alpha at the individual-level 

in the WoON06/WoON09 data was 0.83/0.84 (social cohesion), 0.59/0.66 (physical disorder), 

and 0.64/0.65 (social disorder). The resulting variables on social cohesion, physical disorder, and 

social disorder were measured on a continuous scale ranging from 1–5, 1–3, and 1–3 respectively.

The variables fear of crime, satisfaction with green spaces, and satisfaction with parking 

facilities were measured using one survey question each. We measured the percentage of the 

neighbourhood population who replied positively to that question. Higher scores reflect more 

favourable residents’ perceptions of that environmental factor.

All environmental factors were measured per neighbourhood for the years 2006 and 2009 

separately. The mean of all individuallevel scores within a postal code area formed the aggregated 

neighbourhood-level scores. For each neighbourhood, we in addition measured the change in the 

levels of environmental factors between 2006 and 2009, by subtracting each neighbourhood’s 

score in 2006 from that in 2009.

Individual-level covariates

A range of individual-level socio-demographic variables were used to control for possible 

confounding: gender (male versus female), age (a continuous measure), employment status 

(gainfully employed versus not gainfully employed), highest educational level achieved (up 

to elementary, lower secondary, upper secondary, and tertiary education), and disposable 

equivalent household income (a continuous measure, calculated by dividing the disposable 

household income by the square root of the number of household members51)). In addition to 

these individual-level variables, we measured the degree of urbanisation of the municipality in 

which respondents lived, using five standard categories ranging from rural to high density urban.
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Table 1: Summary of the scales, environmental items, means, standard deviations (SD), and the 

relations with the total score for social cohesion, absence of physical- and social disorder on the 

individual level
Scale (composition) Item Response 

category
Mean SD Correlation

Environmental factors
  Fear of crime 
  (one item)

I am afraid to be assaulted or robbed in 
this neighbourhood (Reversed)

5-Point scale ac 3.90 0.89 -

  Satisfaction with green  
  spaces (one item)

How satisfied are you with the amount 
of green areas in your neighbourhood

5-Point scale ad 3.80 0.97 -

  Social cohesion 
  ( mean score of nine items)

It is unpleasant to live in this 
neighbourhood  (Reversed) 

5-Point scale a 4.06 0.79 0.58

I feel attached to my neighbourhood 3.47 1.10 0.69
I feel at home in my neighbourhood 3.91 0.84 0.71
I talk a lot to my next-door neighbours 3.33 1.08 0.64
I talk a lot to neighbours other than my 
next-door neighbours

2.99 1.04 0.64

In this neighbourhood people treat 
each other with respect

3.82 0.77 0.72

I live in a neighbourhood with a high 
level of solidarity

3.23 0.99 0.77

People hardly know each other in this 
neighbourhood (Reversed)

3.30 1.02 0.64

I’m satisfied with the population 
composition of this neighbourhood

3.74 0.87 0.59

  Physical disorder 
  (mean score of five items)

Graffiti on walls and buildings 3-Point scale b 2.64 0.60 0.65

Vandalism of phone booths and bus or 
tram shelters

2.54 0.67 0.67

  Garbage on the street 2.08 0.80 0.76
Dog shit on the street 1.99 0.79 0.64
Smell, dust, and/or waste 2.58 0.66 0.59

  Social disorder 
  (mean score of three items)

To what extent do you experience 
nuisance from your direct neighbours

3-Point scale b 2.67 0.61 0.74

To what extent do you experience 
nuisance from other neighbourhood 
residents

2.67 0.58 0.82

To what extent do you experience 
nuisance from youth in this 
neighbourhood

2.54 0.66 0.75

Satisfaction with parking 
facilities (one item)

How satisfied are you with the parking 
facilities in your  neighbourhood

5-Point scale ad 3.40 1.17 -

a Five-point scale from 1 (totally disagree/totally unsatisfied) to 5 (totally agree/totally satisfied).

b Three-point scale: (1) often, (2) sometimes, and (3) (almost) never.

c Respondents were characterized as ‘do not fear being a victim of crime in their neighbourhood’ if they answered 

totally disagree or disagree, and ‘fear being a victim of crime in their neighbourhood’ if they answered not agree, 

but also not disagree, agree, or totally agree.

d Respondents were characterized as being satisfied with green- and parking facilities if they answered totally 

satisfied and satisfied, and unsatisfied if they answered not satisfied, but also not unsatisfied, unsatisfied, or totally 

unsatisfied.
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Data analyses

First, we used scatter plots to illustrate the association of PA with environmental factors in 2006 

and changes therein between 2006 and 2009. PA was measured as the proportion of respondents 

in a neighbourhood who reported being physically active for at least 1 h per week. This measure 

was presented as odds by plotting it on the logit scale.

Multi-level multivariable logistic regression models were used to investigate whether the odds 

of being active among the 2009 survey respondents were related to the levels of neighbourhood 

environmental factors in 2006 and changes therein between 2006 and 2009. We were primarily 

interested in the relationship with environmental changes between 2006 and 2009. For this, we 

had to control for levels of environmental factors in 2006 because (a) changes between 2006 and 

2009 may depend on initial levels in 2006 and (b) initial levels in 2006 may have independent, 

lagged effects on physical activity in 2009.

To account for possible dependencies between observations within a neighbourhood, we 

included random intercepts in the model. Level 1 corresponded to the individual, and level 2 

to the neighbourhood-level. Separate models were fitted for each of the environmental factors 

under study. Results were presented as odds ratios (ORs) with corresponding 95% confidence 

intervals (CIs). All models were adjusted for gender, age, employment status, education, 

household income, and degree of urbanisation of municipality. All variables were included 

simultaneously in the models.

In the first step, we fitted the models for the entire population. Secondly, we applied stratified 

analyses to assess whether associations varied according to gender, age (18–34 years, 35–59 

years, 60–84 years), and duration of residence (living at current address <5 years, 5–9 years, ≥10 

years).

Data were analysed using the statistical packages R (version 2.11.1) and SAS (version 9.2).
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RESULTS

Table 2 shows that, on average, there were small differences between the survey participants 

in 2006 and 2009 with regard to gender, age, educational level, and household income. Larger 

variations were observed with regard to employment status, duration of residence, and the two 

highest urbanisation categories. Gender and age were weakly related to the PA variable, while 

employment status, educational level, and household income were strongly positively related to 

PA. Urbanisation and duration of residence showed no association with PA.

Table 3 shows the distribution, at the level of neighbourhoods, in the level of environmental 

factors in 2006 and in changes therein between 2006 and 2009. The environmental factors in 

2006 and 2009 were highly correlated (correlation coefficients between 0.67 and 0.83). For all six 

environmental factors, the 2009 levels were on average below the 2006 levels, suggesting a slight 

deterioration. Yet, many neighbourhoods deviated from this general trend, and experienced 

either an improvement or a major deterioration in reported levels of environmental factors (see 

Fig. 1 for the green space variable).
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Table 2: Descriptive statistics of the study sample for 2006 (N=25,309) and 2009 (N=31,783) 

respectively

Respondents in 2006 (%) Respondents in 2009 (%) Active in 2009 (%)

Gender* 

  Female 53.42 55.61 77.36

  Male 46.58 44.39 75.92

Age in 3 groups*

  18-34 29.27  28.74 79.74

  35-59 43.74 42.94 76.03

  60-84 26.99 28.32 74.14

Employment status*

  Not gainfully employed 42.38 32.92 71.88

  Gainfully employed 57.62 67.08 78.86

Education level*

  No education/Elementary 12.32  8.72 55.39

  Lower secondary 30.78 28.13 69.64

  Upper secondary 32.16 35.40 79.20

  Tertiary education 24.73 27.74 86.90

Disposable equivalent 
household income 

  Low 25.74 26.25 67.70

  Medium low 25.03 25.29 74.82

  Medium high 24.88 25.03 79.76

  High 24.35 23.42 84.94

Urbanisation of municipality

  Not urban   7.12   5.39 77.65

  Slightly urban   2.30    2.47   78.98

  Moderately urban 21.93  18.11 80.99

  Strongly urban 30.27    22.85 77.92

  Very strongly urban 38.37  51.18 74.15

Number of years living at 
current address*

  < 5 years 32.35 47.82 75.85

  5-9 years 23.24 15.86 76.55

  ≥10 years 44.41 36.33  76.44

* The distribution in 2009 is different from the distribution in 2006 with P≤0.05, two-sided. Generalised linear 

mixed models, corrected for neighbourhood-level clustering effects.
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Table 3: Mean, standard deviation (SD), and percentile distribution for environmental factors 

in 2006 and change in environmental factors between 2006-2009, and correlation between 

environmental factors in 2006 and 2009, for 2009 respondents
Environmental factor

Predictor
No fear of
crimea

Satisfaction
greena

Social 
cohesionb

Absence of
physical disorderb

Absence of
social disorderb

Satisfaction 
parking facilitiesa

In 2006  

  Mean 83.87 77.18 3.55 2.55 2.68 63.72

  SD 10.19 11.97 0.19 0.15 0.12 15.06

  Percentilesc

    10 68.30 60.50 3.26 2.36 2.51 42.49

    25 78.83 70.59 3.43 2.45 2.60 55.48

    50 86.81 80.53 3.57 2.56 2.69 67.31

    75 92.59 86.95 3.71 2.69 2.77 76.69

    90 95.66 91.43 3.82 2.76 2.83 82.37

Change between 
2006-2009

  Mean -3.20 -2.87 -0.01 -0.15 -0.05 -3.90

  SD 6.79 8.05 0.11 0.09 0.09 8.96

  Percentilesc

    10 -10.93 -13.79 -0.15 -0.27 -0.17 -15.98

    25 -7.28 -8.27 -0.09 -0.20 -0.10 -10.00

    50 -2.80 -2.98 0.00 -0.13 -0.04 -3.52

    75 1.98 2.37 0.08 -0.08 0.02 3.26

    90 6.38 8.59 0.14 -0.03 0.09 8.73

Correlationd  0.77 0.76 0.82 0.83 0.67 0.81

a Numbers are % for the environmental factors: no fear of crime, satisfaction green spaces, and satisfaction parking 

facilities.

b Numbers are composite scores between 1 and 5 for social cohesion, and composite scores between 1 and 3 for 

absence of physical and social disorder.

c Percentiles of neighbourhoods. 

d Correlation between environmental factors in 2006 and 2009. Measured at the neighbourhood-level.  
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Figure 1: Satisfaction with green spaces in neighbourhoods: 2009 levels plotted against 2006 

levels (both measured at neighbourhood level). Correlation coefficient is 0.76.

Figs. 2 and 3 present the crude associations of PA with environmental factors, both their levels 

in 2006 and changes between 2006 and 2009. For most environmental factors, the proportion 

of people being active in 2009 was statistically significantly positively associated with both the 

levels in 2006 and with changes between 2006 and 2009. No linear associations were observed 

between PA and levels of green spaces and (both levels and changes in) satisfaction with parking 

facilities.
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Figure 2: Associations of physical activity in 2009 with levels of desirable neighbourhood 

environmental factors in 2006a 

a Prevalence of PA in 2009 (measured as crude logit) in relation to levels of no fear of crime, social cohesion, 

absence of social disorder, satisfaction green spaces, absence of physical disorder, and satisfaction parking 

facilities respectively. Relationship depicted by a Loess curve based on 1 degrees of freedom.
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Figure 3: Associations of physical activity in 2009 with changes in levels of desirable neighbourhood 

environmental factors between 2006-2009a

a Prevalence of PA in 2009 (measured as crude logit) in relation to changes in no fear of crime, social cohesion, 

absence of social disorder, satisfaction green spaces, absence of physical disorder, and satisfaction parking 

facilities respectively. Relationship depicted by a Loess curve based on 1 degrees of freedom.
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Results of regression analyses for the total population are presented in the first column Table 

4. In general, living in neighbourhoods characterized by more favourable environmental factors 

in 2006 was associated with higher odds of being active in 2009. However, the odds of being 

active were not related to satisfaction with green spaces or with parking facilities in 2006. The 

odds of being active were positively related to favourable changes in most environmental factors 

between 2006 and 2009, including an increase in the levels of social cohesion, satisfaction with 

green spaces, and a decrease in social and physical disorder. However no significant relation 

was observed for changes in satisfaction with parking facilities or changes with regard to fear of 

crime.

Further columns of Table 4 show results stratified by age and gender. Contrary to our hypothesis, 

the associations observed for the total population were not stronger among older people than 

among younger people. However, as we expected, they were generally somewhat stronger 

among women compared to men.

Table 5 shows that the associations observed for the total population did not consistently vary 

according to duration of residence. Contrary to our hypothesis, associations were not generally 

stronger among residents who have lived longer in the neighbourhood.
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Table 5: Associations of physical activity in 2009 with levels of neighbourhood environmental 

factors in 2006 and changes in levels of neighbourhood environmental factors between 2006-

2009, stratified by duration of residence at current address, for 2009 respondents
Prevalence of being physically active in 2009 

(zeroa versus at least 1 hour per week)

Living  at current
address < 5 years

Living  at current 
address 5-9 years

Living at current address 
≥10 years

N=9,954 N=5,702 N=12,765

Predictorb

Odds ratios 
(95% CI)

Odds ratios 
(95% CI)

Odds ratios 
(95% CI)

No fear of crime

  In 2006c  1.39 (1.23-1.57)* 1.45 (1.25-1.68)* 1.32 (1.19-1.47)*

  Change between 2006-2009d 1.14 (0.98-1.33) 1.06 (0.87-1.29) 1.06 (0.93-1.21)

Satisfaction green spaces

  In 2006c 0.95 (0.87-1.05) 0.97 (0.86-1.08) 1.09 (1.00-1.18)*

  Change between 2006-2009d 1.03 (0.90-1.16) 1.15 (0.98-1.34) 1.14 (1.02-1.27)*

Social cohesion

  In 2006e  1.10 (1.02-1.18)* 1.18 (1.08-1.29)* 1.14 (1.08-1.21)*

  Change between 2006-2009e 1.12 (1.01-1.23)* 1.15 (1.02-1.29)* 1.12 (1.03-1.22)*

Absence of physical disorder

  In 2006e 1.17 (1.06-1.29)* 1.25 (1.11-1.40)* 1.15 (1.06-1.25)*

  Change between 2006-2009e 1.12 (1.00-1.25)* 1.16 (1.01-1.33)* 1.03 (0.93-0.13)

Absence of social disorder

  In 2006e 1.20 (1.06-1.35)* 1.26 (1.09-1.46)* 1.27 (1.14-1.40)*

  Change between 2006-2009e 1.09 (0.97-1.24) 1.05 (0.90-1.23) 1.13 (1.02-1.26)*

Satisfaction parking facilities

  In 2006c 0.94 (0.87-1.01) 0.99 (0.91-1.09) 1.01 (0.95-1.08)

  Change between 2006- 2009d 1.06 (0.94-1.20) 1.02 (0.87-1.18) 1.10 (1.00-1.22)

*The association is statistically significant by P≤0.05, two-sided.
a Reference group.
b Control variables: age, gender, employment status, education, household income, and urbanisation of 

municipality.
c One unit change corresponds to an increase by 100% points in the proportion of residents reporting not 

to fear crime, satisfaction with green spaces, and satisfaction with parking facilities in their neighbourhood.
d One unit change corresponds to an increase by 100% points in changes in levels of no fear crime, satisfaction 

with green spaces, and satisfaction parking facilities between 2006 and 2009.
e One unit change corresponds to an increase by 1 on a scale from 1-5 for social cohesion and 1 on a scale 

from 1-3 for absence of physical and social disorder.
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DISCUSSION

Key findings

This study explores whether PA is associated not only with recent levels of environmental 

characteristics, but also with changes over time in these environmental characteristics. We

found that, for the environmental factors perceived fear of crime, social cohesion, and physical 

and social disorder, living in neighbourhoods with more favourable environmental characteristics 

in 2006 was associated with higher odds of being active in 2009. Furthermore, we found that, for 

the environmental characteristics green spaces, social cohesion, and physical and social disorder, 

improvements in environmental conditions between 2006 and 2009 were related to higher 

odds of being active in 2009. These positive associations tended to be stronger among women 

than among men, but not among older people or among residents who have lived longer in the 

neighbourhood.

Evaluation of potential data problems

The response rates were 70.9% and 62.6% for WoON06 and WoON09 respectively.48,49 The non-

response consisted of people that refused to participate. If non-response would be strongly 

related to both neighbourhood environmental factors and PA, this would have biased our results. 

The non-response rates of WoON06 and WoON09 varied little with region of residence, which may 

indicate a weak relationship to place of residence in general.48,49  Nonetheless, non-response might 

be related to some specific environmental characteristics, such as degree of social cohesion, which 

implies that response bias cannot be excluded.

Currently, there is no consensus on which measure should be used to assess neighbourhood 

attributes,52 making comparisons among studies difficult. The indicators of the environment that we 

used were generally guided by factors used in previous research.15,19,30,38,39,41 However, because of data 

restrictions, some major differences could not be avoided and are discussed below.

•	  For social cohesion, our measure is a selection of items in line with the definition of Kawachi 

and Berkman (2000)53 who define social cohesion as the “extent of connectedness and 

solidarity among groups in society”. The measurement of social cohesion used in most 

studies on PA, on the other hand, emphasized shared values of neighbors, mutual trust, 

and the willingness to help each other,8,11,13,17,35,36 which is more support-related. Despite 

these measurement differences, our results were similar to those of most previous 

studies.11,13,17,35,36
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•	  Many studies that assessed safety from crime asked respondents if the crime rate in their 

neighbourhood makes it unsafe to walk during the day and at night (e.g.9,10). We instead 

used a survey question that asked about fear of crime, without a reference to walking 

outside. This lack of specificity might perhaps have incurred the lack of association between 

PA and recent changes in safety, although our result is consistent with several studies that 

report no associations.11,14,18-22

•	  Social disorder has been measured in previous studies by a scale that consisted of several 

items.41 However, all items of this scale showed low frequency except for the item “Adults 

loitering or congregating”.54 This scale may therefore have been dominated by this single 

item, which corresponds to the questions that we used. This study, which is to our 

knowledge, the first  to assess the effect of social disorder on PA among adults, gives reason 

to conclude that there is an association between PA and recent changes in social disorder.

•	  We measured satisfaction with the amount of green spaces using one survey question. 

Ideally, we would have preferred to distinguish several dimensions, including the amount, 

type, quality, and proximity of green spaces. An USA study24 reported that PA was not 

associated with number of parks, while it was strongly associated with residential proximity 

to parks. Further research on the effects of changes in green spaces should measure changes 

along different dimensions as well.

To conclude, for some but not all environmental factors, there are grounds to expect that our results 

might have been influenced by the use of available measures other than those used in previous 

studies.

Only one single question was used to assess PA, as this was the only one available in the population 

surveys used in this study. We would have preferred to measure PA in more detail by measuring 

different types of PA, their intensity, and their duration in minutes instead of hours of PA per week. 

Additionally, we would have included an objective assessment of PA because self-reports of PA 

have shown to overestimate levels of PA55 due to social desirability and/or the cognitive difficulty to 

remember the frequency and duration of different types of PA.56 Future studies should try to replicate 

the findings from this study using detailed self-reports of PA as well as objective measurements such 

as pedometers and accelerometers.

By dichotomizing the measurement of PA, we did not use all survey information on PA. However, in 

preliminary analyses, we also analysed the mean hours of PA among those who had reported at least 

1 hour of PA per week. We found that this additional measure on the amount of PA was not related 

to any of the environmental factors studied in this paper.
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This study only measured PA in terms of ‘hours’ per week, as duration of PA in minutes per week 

was not measured. Consequently, we were not able to determine the effect of environmental 

factors on people doing some activity, but which is less than an hour, as less than an hour is 

assumed in the analysis to be none. However, being physically active more than 0 min per week 

but less than an hour per week is far beneath the recommended PA guideline for health benefit.

In this paper we regarded people who reported to be physically active 1 h or more per week as 

“active”. In additional analyses on the total population, we evaluated whether we would have 

obtained other results by using a cutoff point that is closer to the recommended PA guideline for 

health benefit. In these analyses, respondents were labeled “active” only if they were physically 

active at least 3 h a week (instead of 1 h). The results of this analysis were very similar to the 

associations reported above (see Appendix Table). However, most associations were generally 

weaker and no statistically significant relationships were observed with improvements between 

2006 and 2009 in social disorder and physical disorder.

In this study, we only had data on people’s levels of PA, without references to the place of activity. 

This implies that we also measured PA of respondents while outside their neighbourhood. 

However, in the Netherlands, much of PA comprises walking and bicycling, which to a large 

extent are performed inside of one’s neighbourhood. Nevertheless, if the associations observed 

in our study would be truly causal, then these associations presumably would be stronger if 

neighbourhood-related PA had been measured.

We used data from two subsequent cross-sectional surveys in 2006 and 2009. Differences in 

the perceived neighbourhood environment might be the result of changes in the demographic 

makeup of the neighbourhood and therefore not reflect real changes in the neighbourhood. 

Accordingly, this would have led to a spurious association between changes in environmental 

factors and PA. We have no information on whether the 2006 and 2009 survey samples per 

neighbourhood differed with regard to socio-demographic factors. We do know that for all 

neighbourhoods together the two survey samples were quite similar with regard to some socio-

demographic factors, but for other factors there were larger differences. To avoid this potential 

bias, future research on changes in environment should use longitudinal designs or objective 

measures of the environment.

Almost all environmental factors studied were related to PA. One might question whether this result 

is due to a common underlying factor that is not controlled for in the analyses, despite extensive 

controls for socio-demographic factors. For example, respondents from some neighbourhoods 
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may tend to reflect negatively on their environment, whereas those in other neighbourhoods 

may be inclined to present positive views. Such a generalised effect would be reflected in a high 

correlation amongst environmental variables reported for the same neighbourhood. However, 

we observed moderate relationships between environmental factors in 2006 (average correlation 

coefficient was 0.50) and weak relationships between trends in different environmental factors 

(average correlation coefficient was 0.20). This suggests that common underlying factors have 

had little effect on the changes observed for specific environmental factors.

Explanations         
Possible mechanisms 

The plausibility of a causal link between PA and social cohesion, social disorder, physical disorder, 

and green spaces depends on the existence of plausible mechanisms through which these 

environmental factors could affect PA. However, very little research has been conducted on the 

mechanisms that link the environment to PA.

Social cohesion has been reported before to be related to more healthy behavior of neighbourhood 

residents in general, such as less smoking and more PA or walking for exercise.11,13,17,35,36,57 We 

know that frequently observing others exercising is associated with higher levels of PA.58 People 

who are more closely connected to their neighbourhood might even be more likely to adopt 

healthy norms of behavior such as PA than those living in less cohesive neighbourhoods.53

Social disorder is reflecting nuisance from neighbors or harassment by youngsters resulting in 

conflicts in the neighbourhood. Conflicts are very stressful and stress is known to be associated 

with lower levels of PA.59

People are inclined to be physically active in esthetically appealing environments.18,21,60 

Analogously, we expect that a clean and intact neighbourhood (absence of physical disorder) 

stimulates more time being spent outdoors and hence PA.

Green spaces in one’s neighbourhood may invite people to spend a larger part of their spare time 

outdoors and be more physically active.61 Research has shown that exposure to green spaces 

may affect stress levels in a positive way.62-64 Stress reduction is known to be associated with 

higher levels of PA.59
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Why were stronger effects not found for older and for long-time residents? 

Older people might perhaps be more sensitive to their neighbourhood environment because 

they spend more time there. One previous study suggested that safer neighbourhoods were 

associated with PA only for people aged older than 65 years.47 We did, however, not observe 

stronger effects among older compared to younger people. One explanation may be that PA 

levels of older people might be determined more often by individual factors such as physical 

limitations. Future research on the association between environmental factors and PA should 

distinguish between older people with and without disabilities.

We expected to observe larger effects among residents with long duration of residence in the 

neighbourhood. However, no such effect modification was observed. Possibly, most of the short-

term residents of deprived areas might have come from neighbourhoods with similar levels of 

deprivation65 and thus already experienced similar environmental problems such as crime, social 

control, and social cohesion.66,67

Implications

Cross-sectional research in which PA and environmental conditions are measured at the same 

point in time, cannot provide strong evidence on causality. Because we measured changes over 

time in environmental factors over time, and studied associations with PA at the end of the 

observation period, we provided new evidence on the causality of the relationship between 

neighbourhood environmental factors and PA. Future research should aim to replicate these 

findings using similar or longitudinal study designs, including objective as well as subjective 

assessments of changes in neighbourhood conditions, and detailed self-reports as well as 

objective measurements of PA.

Our results suggest that improving social cohesion, tackling physical and social disorder, and 

improving green spaces might lead to an increase in the number of residents who are physically 

active. We stress that although, the effect of improving environmental conditions on individual-

level PA may seem weak, such improvements have the potential to bring benefit to much larger 

populations, and for a much longer period of time than most individual-level interventions.
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Appendix Table: Associations of physical activity in 2009 with levels of neighbourhood 

environmental factors in 2006 and changes in levels of neighbourhood environmental factors 

between 2006-2009, for 2009 respondents

Prevalence of being physically active in 2009 (less than 
3 hours per weeka versus at least 3 hour per week)

All respondents

Predictorb

Odds ratios 
(95% CI)

No fear of crime

  In 2006c  1.27 (1.17-1.38)*

  Change between 2006-2009d 1.02 (0.92-1.13)

Satisfaction green spaces

  In 2006c  1.05 (0.99-1.13)

  Change between 2006-2009d 1.09 (1.00-1.19)*

Social cohesion

  In 2006e  1.13 (1.08-1.18)*

  Change between 2006-2009e 1.10 (1.03-1.18)*

Absence of physical disorder

  In 2006e  1.14 (1.07-1.22)*

  Change between 2006-2009e 1.04 (0.96-1.12)

Absence of social disorder

  In 2006e   1.22 (1.13-1.33)*

  Change between 2006-2009e 1.07 (0.98-1.16)

Satisfaction parking facilities

  In 2006c 1.01 (0.96-1.07)

  Change between 2006-2009d 1.04 (0.95-1.13)

*The association is statistically significant by P≤0.05, two-sided.
a Reference group.
b Control variables: age (where applicable), gender (where applicable), employment status, education, 

household income, and urbanisation of municipality.
c One unit change corresponds to an increase by 100% points in the proportion of residents reporting not 

to fear crime, satisfaction with green spaces, and satisfaction with parking facilities in their neighbourhood.
d One unit change corresponds to an increase by 100% points in changes in levels of no fear crime, satisfaction 

with green spaces, and satisfaction parking facilities between 2006 and 2009.
e One unit change corresponds to an increase by 1 on a scale from 1-5 for social cohesion and 1 on a scale 

from 1-3 for absence of physical and social disorder. 
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ABSTRACT

Evidence on the causality of the relationship between neighbourhood safety and mental health 

(MH) is very limited. Additional evidence can come from analyses of the impact of changes 

over time. We determined whether self-reported individual-level MH was related to recent 

changes in neighbourhood-level of general safety, social disorder, physical disorder, and criminal 

victimisation. We applied multi-level logistic regressions models to survey data from 10,007 adult 

respondents and 1,043 neighbourhoods across the entire Netherlands. For all safety measures, 

higher average neighbourhood safety in 2004-2007 was associated with increased odds of having 

better MH 2009-2011. Furthermore, favourable changes in physical disorder between the periods 

2004-2007 and 2008-2011 were positively related to higher odds of having good MH. A similar 

positive relationship was observed for general safety (although not with statistical significance) 

but not for social disorder and criminal victimisation. These results provide new support for a 

causal relationship between MH and physical disorder in particular. 
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INTRODUCTION

The World Health Organization (WHO) reported in 2001 that about 450 million people worldwide 

suffered from a mental or behavioural disorder, and that mental health (MH) problems affected 

one in four people at some time in life.1 The Netherlands tended to have high prevalence estimates 

for most mental disorders.2 Mental and behavioural problems are estimated to account for 12% 

of the burden of disease worldwide.1 Individuals suffering from MH problems have a reduced 

quality of life. In addition, the social and economic burden of mental disorders is enormous.3 

Efforts to reduce this massive burden of mental disorders are necessary.

These efforts should not only focus on individual factors but also on neighbourhood factors, as 

neighbourhood-level changes may influence larger parts of the population than most individual-

level MH interventions. Characteristics of neighbourhoods such as a high level of disorder are 

associated with higher levels of perceived powerlessness.4,5 Through constant exposure to 

undesirable and uncontrollable living conditions, residents may learn that they cannot control 

important life outcomes.4 The powerlessness that is generated by neighbourhood disorder in 

turn increases risk of depression and anxiety.5 Furthermore, high levels of disorder may increase 

residents’ fear of crime,6 as signs of disorder signal the potential for harm7 and are taken to 

indicate low social cohesion and high disadvantage.8 In turn, fear of crime subsequently may 

increase risk of depression.6 Fear of crime may also have direct effects on MH.9 Exposure to 

neighbourhood crime can impact MH by increasing the risk of victimisation in addition to 

increasing fear of crime. Crime victims have a higher risk of developing poor MH, amongst others 

because they may tend to isolate themselves from their neighbours.10

In studies of associates of area-level variations in MH, the characteristic that most consistently 

was linked to MH is neighbourhood disorder.11 Neighbourhood disorder is a broad term that 

includes both physical disorder (e.g. litter and vandalism) and social disorder (e.g. loitering and 

conflicts).12 Numerous cross-sectional studies on adult populations concluded that higher levels of 

disorder (either physical or social disorder or a combination of both) were associated with worse 

MH outcomes).13-25 Similarly, one longitudinal study found that higher levels of neighbourhood 

disorder measured at wave one was related to worse MH outcomes at wave two.26 Likewise, 

some other longitudinal studies found that higher levels of neighbourhood disorder (measured 

at one point in time) were related with negative changes in MH over time.27-32 However, some 

studies, including a longitudinal study, found that neighbourhood disorder was unrelated to 

depression.17,24 
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Area variations in MH have also been linked to neighbourhood safety (fear of crime) or 

neighbourhood crime. Cross-sectional studies have shown that lower levels of safety or higher 

levels of crime were related to poorer MH outcomes.6,9,10,24,25,33-42 Likewise, a qualitative review 

reported evidence for mechanisms linking fear of crime to poorer MH.8 However, a longitudinal 

study found that neighbourhood safety, measured at the first wave of their study, did not predict 

MH outcomes at the second wave.43 Similarly, Curry and Davey-Rothwell (2008)  did not observe 

a direct effect (next to indirect effects) of neighbourhood level of violent crime on depressive 

symptoms. 

Thus, most studies on this topic found that different components of neighbourhood safety 

were positively related to good MH. However, to date, most studies assessing this relationship 

have applied a cross-sectional design. Longitudinal studies have linked changes in MH with 

neighbourhood safety measured at one previous point in time. Even though they provided 

evidence to assume causality, they did not directly assess whether changes in neighbourhood 

safety will bring about changes in MH. Such evidence on causality should come from randomized 

experiments, quasi-experimental designs, or studies that assess the effect of “spontaneous” 

changes in neighbourhood safety.44 

Only one study has investigated whether changes in neighbourhood safety were related to 

subsequent changes in MH.44 It was found that the completion of a renewal programme was 

followed by improvements in MH, and this effect resulted from a more widespread perception 

of the area as being safe. Residents in particular noted the progress made with tackling draughty 

housing. This study had its limitations. Only one neighbourhood was studied, and only 98 

households were surveyed. Furthermore, no comparison neighbourhood was included. Larger 

studies including control areas are needed. 

The aim of this study was to investigate the extent to which levels of neighbourhood safety 

and changes over time in levels of neighbourhood safety were related to MH among adults 

at a later point in time. We made comparisons across a larger number of neighbourhoods in 

the Netherlands. Four measures of neighbourhood safety were assessed: general safety, social 

disorder, physical disorder, and criminal victimisation. For each measure, we will: First, examine 

whether levels of neighbourhood safety at one point in time were related to later odds of having 

better MH. Second, examine whether changes over time in neighbourhood safety were related 

to the odds of having better MH. Finally, assess whether these associations varied according to 

sex and age. 
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We hypothesised that higher levels of neighbourhood safety are associated with more 

people having better mental health. Furthermore, we expect that in neighbourhoods that 

had experienced a positive change in safety levels more people will have better MH than in 

neighbourhoods that did not experience such positive change. 

Also, we expect such positive effects to be stronger for women and older adults than for men 

and younger adults. Recent research have suggested that fear of crime impacts more severely 

on women and older people.45-47 As older people live in the same neighbourhood for a long 

time, they have longer exposures to adverse neighbourhood situations48 and they may be less 

likely to move out of the area in response to new exposures. Furthermore, community context 

might be less important for younger people as they live in many different environments such as 

educational institution, at work, recreational activities.49 Similar explanations apply to women, 

who are more exposed to the neighbourhood environment than men.50

METHODS

Data sources

The data for this study were derived from different datasets that we linked. The Dutch Health 

Interview Survey (HIS) provided information on individual-level MH. Using postcode information 

we have linked HIS respondents to neighbourhood-level information on safety. Neighbourhood-

level data on safety were obtained from the National Safety Monitor (Veiligheidsmonitor Rijk) 

and the Integral Safety Monitor (Integrale Veiligheidsmonitor).

Individual-level mental health data and study population

Repeated cross-sectional data for the years 2009 to 2011 were accessed from the continuous 

HIS carried out by Statistics Netherlands. The HIS is a large nationwide survey among non-

institutionalised persons aged 0 years and older. Each year, a person-based sample is drawn 

from the Dutch population register. In 2009 respondents could only participate by a face-to-face 

interview while 2010 onwards they could participate either by internet, by phone interview or by 

a face-to-face interview. Respondents aged 12 years and older were asked to fill in an additional 

written questionnaire (or from 2010 onwards an internet questionnaire) about more sensitive 

topics, including MH. In total, we obtained MH data on 10,007 adult respondents living in 1,043 

neighbourhoods. The response rate for the selected years is 60-65 % for the first part of the 

questionnaire. The response rate for the second part was 80% in 2009 and 55% for the years 

2010 and 2011 (of the respondents to the first part). 
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Neighbourhood-level safety data and study population

Repeated cross-sectional safety data were accessed from the National Safety Monitor for the 

years 2005 to 2008 and from its successor, the Integral Safety Monitor for the years 2008 to 2011. 

These surveys are large nationwide yearly surveys among non-institutionalized persons living in 

the Netherlands aged 15 years and older. The surveys are conducted by Statistics Netherlands 

and contain data on, among others, criminal victimisation, perceived general safety, and disorder. 

Both safety surveys consisted of a national data collection for which a two-step sampling design 

was used. First, a sample of (sub)-municipalities was systematically drawn from the national 

population registry, with chances that were proportional to the number of inhabitants. Second, 

a sample of individuals was randomly drawn from the population registries of the selected 

municipalities. 

For the National Safety Monitor (years 2005 to 2008), the sample of individuals could respond 

either by phone or in a face-to-face interview. Because the survey period was in the first three 

months of the year, the safety measures reflect the situation in the year before (years 2004 to 

2007). For the Integral Safety Monitor (years 2008 to 2011), the sample of individuals could 

participate in the survey by internet, by a written questionnaire, by phone or in a face-to-face 

interview. The survey period was between mid-September and December and therefore the 

safety measures reflect the situation in the same year (2008 to 2011). The response rate was on 

average 62% for the years 2005 to 2011.

Respondents were excluded if they were younger than 18 years. In total, we had data on 3,780 

neighbourhoods from 133.522 respondents. To accurately assess changes in neighbourhood safety 

between the period 2004 to 2007 and the period 2008 to 2011 we only included neighbourhoods 

that had a minimum of 5 respondents per year. In addition, we excluded neighbourhoods that 

had a neighbourhood safety score for less than three years in the period 2004 to 2007 or the 

period 2008 to 2011. For the four neighbourhood safety measures this resulted in a sample with 

data on 1,044 neighbourhoods from 81,387 adult respondents. 

Measures

Individual-level

Perceived individual-level MH was measured in the HIS using the Mental Health Inventory 

(MHI-5). The MHI-5 is a brief screening questionnaire for depression and some types of anxiety 

disorders. This questionnaire contains the following five questions: during the last 4 weeks, how 

often: (1) ‘Have you been a very nervous person?’, (2) ‘Have you felt downhearted and blue?’, (3) 
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‘Have you felt calm and peaceful?, (4) ‘Have you felt so down in the dumps that nothing could 

cheer you up?’, and (5) ‘Have you been a happy person?’. Each item was scored on a 6-point scale 

ranging from ‘all of the time’ to ‘none of the time’. The total score was calculated by reversing the 

answers to the third and fifth items, summing up the five item scores, and transforming this score 

to a scale from 0 to 100. A higher score indicates better MH. In case of values were missing for 

one or two items only, these were imputed by the mean score for the other items. We decided to 

dichotomize the MH score. Based on a Dutch validation study51 we decided to dichotomize this 

score into fair/good MH (>60) and less than fair/good MH (≤60). Use of this cut-off point resulted 

in 86.3% of the population that we will label as having ”fair/good” mental health. Another Dutch 

study52 suggested that the optimal cut-off point for MHI-5 was 74 instead of 60. Therefore, in 

sensitivity analyses, we assessed whether similar results would be obtained by using this higher 

cut-off point. Respondents were additionally labeled as having “good” MH if their MHI-5 score 

was >74 (70.6%).

Several individual-level covariates were used to control for potential confounding: age (7 

categories: 18-24, 25-34, 35-44, 45-54, 55-64, 65-74, 75 years and older), sex (male versus 

female), household composition (partner/married with and without child(ren), single with or 

without child(ren)), ethnicity (Ethnic Dutch and 3 categories of Non-Dutch populations, i.e. 

western, non-western, and origin unknown), and socio-economic status (SES). Two indicators 

of SES were included: education measured as highest educational level achieved (primary, 

secondary, upper secondary, or tertiary education) and equivalent disposable household 

income (categorized in quintiles, with cut-off points at €17,316, €21,682, €26,438, and €33,300). 

Most covariates were obtained from the HIS questionnaire. The exceptions were ethnicity and 

household income, which were derived from the national population registry and the national 

tax registry, respectively. 

Neighbourhood-level

Four measures of neighbourhood safety were included: general safety, absence of social disorder, 

absence of physical disorder, and absence of criminal victimisation. Higher scores reflect more 

favourable residents’ perceptions of neighbourhood safety. The items used to measure these 

neighbourhood safety outcomes are described below. Similar items have been included in 

previous studies (e.g.14,16,17,22,53,54).  

General safety was measured using the single item ‘Do you sometimes feel unsafe in your own 

neighbourhood?’ Respondents could answer ‘yes’ (0) or ‘no’ (1). 
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Absence of social disorder was composed using five survey items. Respondents were asked 

whether they judged the following problems to occur in their neighbourhood: nuisance from 

youth, nuisance from neighbours, nuisance from drugs, drunken people on the street, and 

people who get harassed on the street. Respondents were asked whether these problems 

occurred often (1), sometimes (2) or (almost) never (3). A variable of absence of social disorder 

was created by averaging the 1 to 3 scores on the five items. Chronbach’s alpha for these five 

items was 0.68, indicating fair internal reliability.  

Absence of physical disorder was computed from the following four items: graffiti, litter, dog 

waste, and demolition of phone booth or bus/tram-cubicles. Respondents were asked whether 

they judged these problems to occur often (1), sometimes (2), or (almost) never (3) in their 

neighbourhood. A variable of overall absence of physical disorder was generated by averaging 

the scores on these items. Chronbach’s alpha of these items was 0.61, indicating fair internal 

reliability.    

Criminal victimisation was measured by asking respondents whether they had been a victim in 

the last 5 years of 14 common crimes. These crimes were: car theft, theft out of car, damaging 

of car, bicycle theft, other thefts, other damaging, attempted burglary, burglary, pick pocketing, 

violent robbery, threats of physical abuse, physical abuse, sexual abuse, and other crimes. If 

respondents answered yes to any of the 14 crimes, they were asked an additional question 

whether they had been victimized in the last 12 months (last 12 to 15 months in the National 

Safety Monitor). Respondents of both surveys were further asked whether the specific crime 

took place the last time in the own neighbourhood. For each of the 14 crimes the respondents 

were categorized as ‘not a victim’ if they had not been a victim, or if the victimisation took place 

longer than 12 to 15 months ago, or the crime took place outside their own neighbourhood. An 

overall criminal victimisation variable was computed by calculating a sum scores that ranged 

from 0 to 14. These scores were reversed so that the higher the score the less victimisation.

All safety indicators were aggregated on the neighbourhood-level for the years 2004 to 

2011 separately. We calculated the average of all respondents in the same year and in that 

neighbourhood. The range of this average was 0-1 for general safety 1-3 for social and physical 

disorder, and 0-1 for criminal victimisation. Average levels of the four neighbourhood safety 

measures during the years 2004 to 2007 and 2008 to 2011 were calculated by averaging the 

neighbourhood scores of the years concerned. 
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Furthermore, each neighbourhood’s average level for the period 2004 to 2007 was subtracted 

from that in the period 2008 to 2011. A score of 0 for a neighbourhood indicated that 

neighbourhood safety had not changed between these two time periods. A positive (negative) 

score indicated a favourable (unfavourable) change between these two time periods. Finally, 

these neighbourhood-level safety variables were merged with the individual-level HIS dataset.  

       

Statistical analyses

Multi-level multivariate logistic regression models were applied to assess whether the odds 

of having fair/good or good mental health among the 2009 to 2011 survey respondents were 

associated with the average levels of neighbourhood safety for the years 2004 to 2007 and with 

changes in average levels of neighbourhood safety between the time periods 2004 to 2007 

and 2008 to 2011. In this approach, levels and trends of neighbourhood safety are assumed 

to predict MH outcomes some years later, because it is implausible that neighbourhood safety 

have an immediate effect on MH.55 To account for possible clustering of observations within 

a neighbourhood, we included random intercepts in the model. Level 1 was defined as the 

individual and level 2 was defined as neighbourhood level. Results were presented as odds ratios 

(ORs) with corresponding 95% confidence intervals (CIs). All models were controlled for age, 

sex, household composition, ethnicity, education, and household income. All control variables 

were included simultaneously in the models. Separate models were fitted for each of the safety 

measures under study.

We fitted the models for the total population. In additional analysis, relationships were estimated 

separately for subgroups of sex and age (<60 years, >60 years). These estimations were derived 

by adding interaction terms to the models (e.g. sex by change in neighbourhood safety). Data 

were analysed using SPSS version 14 and STATA 11.0 software.

RESULTS

Age showed no association with MH, while educational level, household income, sex, household 

composition, and ethnicity were strongly related to fair/good MH (Table 1). The prevalence 

of fair/good MH was lowest in the lowest educational level group, the lowest income group, 

women, single people with children, and Dutch residents of non-western origin. 
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Table 1: Characteristics of the (HIS) study population for 2009, 2010, and 2011 respondents 

(N=10,007) 
Characteristics, % Respondents in 2009 to 2011a, b Fair/good mental health (%) in 2009 to 2011a, c 

Age (%)
18-24 years 10.8 86.8
25-34 years 15.3 88.5
35-44 years 19.2 87.5
45-54 years 19.3 83.8
55-64 years 17.6 86.9
65-74 years 10.7 87.9
75 years and older 7.2 81.8
<60 years 73.5 86.4
≥60 years 26.5 86.3
Sex (%) 
Female 51.2 83.9
Male 48.8 89.0
Household composition (%)
Partner/married with child(ren) 39.2 89.2
Partner/married without child(ren) 34.2 88.6
Single without child(ren) 20.1 78.2
Single with child(ren) 4.8 75.2
Other 1.7 83.1
Ethnicity (%)
Ethnic Dutch 83.0 87.2
Non-Dutch, western 7.2 82.6
Non-Dutch, non-western 3.7 74.1
Non-Dutch, origin unknown 3.3 79.6
Missing 2.8 79.8
Education (%)
Primary 12.1 76.8
Lower secondary 22.0 85.1
Upper secondary 31.1 87.5
Tertiary 28.1 90.2
Missing 6.8 84.4
Income (%)
First quintile (<€17,316) 22.5 78.0
Second quintile (€17,316-21,682) 20.2 86.1
Third quintile (€21,682-26,438) 19.6 86.0
Fourth quintile (€26,438-33,300) 19.1 89.6
Fifth quintile (>€33,300) 18.5 92.0
Missing 0.1 100.0

a Characteristics and mental health (%) represent average values over the period 2009 to 2011.
b Characteristics are weighted for age, gender, marital status, household size, urbanisation, province, part of 

the country, and month of interview. 
c The same HIS study population was involved in the analyses on all four safety measures.
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Table 2: Mean, standard deviation (SD), and percentile distribution for neighbourhood safety 

in 2004 to 2007 and change in neighbourhood safety between 2004-2007 and 2008-2011, and 

correlation between neighbourhood safety for the period 2004 to 2007 and period 2008 to 2011, 

for 2009, 2010, and 2011 respondents
Neighbourhood safetya

Predictor
General safety Absence of 

social disorder
Absence of physical 
disorder

Absence of 
victimisation

Level in 2004 to 2007 

  Mean 0.92 2.75 2.35 0.79 

  SD 0.07 0.11 0.17 0.12

  Percentilesc

    10 0.84 2.62 2.12 0.63 

    25 0.88 2.71 2.23 0.72 

    50 0.94 2.77 2.36 0.80 

    75 0.97 2.82 2.48 0.87 

    90 1.00 2.87 2.56 0.91 

Change between
2004-2007 and 2008-2011

  Mean -0.08 -0.11 -0.08 -0.08 

  SD 0.08 0.10 0.12 0.15

  Percentilesc

    10 -0.18 -0.24 -0.24 -0.26

    25 -0.12 -0.16 -0.16 -0.16

    50 -0.07 -0.10 -0.08 -0.07

    75 -0.02 -0.04 -0.00 0.02

    90 0.02 0.01 0.07 0.10

Correlationd  0.49 0.72 0.74 0.42

a Numbers are scores between 0 and 1 for perceived general safety, between 1 and 3 for social and physical 

disorder, and between 0 and 1 for absence of criminal victimisation.
c Percentiles of neighbourhood-level scores for 2009, 2010, and 2011 respondents. 

d Pearson correlation between neighbourhood safety measures for the period 2004 to 2007 and the period 

2008 to 2011, measured at the neighbourhood-level.  
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Table 2 presents the distribution of neighbourhood-level safety measures. The mean levels 

in 2008 to 2011 were on average below the mean levels in 2004 to 2007, suggesting a small 

deterioration in reported levels of all neighbourhood safety measures. Between-period 

correlations were moderate for general safety and absence of criminal victimsation, and high 

for the measures on social and physical disorder (correlation coefficients of 0.49, 0.42, 0.72, and 

0.74, respectively). For the first two measures, the moderate correlations implies a substantial 

change in the geographic pattern, with some neighbourhoods showing an improvement in their 

relative position and other neighbourhoods a deterioration. Similarly, the percentiles shows that 

there is variation between areas in the degree of change in safety over time.   

Results of regression analyses for fair/good MH (i.e. MHI-5 higher than 60) are shown in the first 

column of Table 3. For all safety measures, living in neighbourhoods characterized by higher 

average level of neighbourhood safety in the years 2004 to 2007 was associated with increased 

odds of having fair/good MH in the years 2009 to 2011. Favourable changes in average levels of 

general safety and physical disorder between the periods 2004 to 2007 and 2008 to 2011 tended 

to be positively related to the odds of having fair/good MH, although these relations could not be 

demonstrated with statistical significance. The degree of changes in social disorder and criminal 

victimisation were not related to the odds of having fair/good MH.

Results of regression analyses for good MH (i.e. MH higher than 74) are shown in the second 

column of Table 3. The results of these analyses were comparable to the results reported above. 

However, the associations of the average levels in 2004 to 2007 with MH were all weaker and 

no longer statistically significant for some safety measures. Associations with change measures 

were similar as well. One exception is that the association with change in physical disorder is 

statistically significant. 
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Table 3: Associations of mental health in 2009, 2010, and 2011 with average levels of 

neighbourhood safety in 2004 to 2007 and changes in average levels of neighbourhood safety 

between the periods 2004 to 2007 and 2008 to 2011, for all respondents and MHI-5 score 

>60 which indicates fair/good mental health and MHI-5 score >74 which indicates good MH, 

respectively
Prevalence of having fair/good mental 
health in 2009, 2010, and 2011

Prevalence of having good mental 
health in 2009, 2010, and 2011

MHI-5 score >60 MHI-5 score >74

All respondents All respondents

Predictora

Odds ratios
(95% CI)

Odds ratios
(95% CI)

General safetyb

  Level in 2004-2007 6.37 (2.62 – 15.52)* 2.68 (1.33 – 5.40)*

  Change between 2004-2007   
  and 2008-2011

1.77 (0.86 – 3.65) 1.56 (0.89 – 2.73)

Absence of social disorderb

  Level in 2004-2007 3.50 (2.07 – 5.92)* 1.71 (1.13 – 2.51)*

  Change between 2004-2007 
  and 2008-2011

1.00 (0.57 – 1.77) 1.31 (0.84 – 2.03)

Absence of physical disorderb

  Level in 2004-2007 1.96 (1.35 -2.84)* 1.32 (0.99 – 1.75)

  Change between 2004-2007 
  and 2008-2011

1.44 (0.87 – 2.38) 1.57 (1.06 – 2.30)*

Absence of victimisationb

    Level in 2004-2007 1.61 (1.35 – 1.77)* 1.28 (0.92 – 1.52)

    Change between 2004-2007 
    and 2008-2011

1.10 (0.62 – 1.42) 1.09 (0.74 – 1.35)

*The association is statistically significant by P≤0.05, two-sided. 
† The associations are statistically significantly different for men and women by P≤0.05.
a Control variables: age, sex (where applicable), household composition, ethnicity, education, and household 

income.
b One unit change corresponds to an increase by 1 on a scale from 0-1 for general safety, on a scale from 1-3 

for absence of social and physical disorder, and on a scale from 0-1 for absence of criminal victimisation.

Table 4 present results according to sex and age. Except for absence of criminal victimisation, 

the associations between neighbourhood safety in the years 2004 to 2007 and increased odds of 

having fair/good MH were statistically significantly stronger for men. The associations between 

levels of neighbourhood safety and fair/good MH tended to be stronger for older people, but the 

difference with young was not statistically significant. Favourable changes in physical disorder 

were statistically significantly positively related to the odds of having fair/good MH among 

women, but not among men. As we expected, the associations with the change measures were 
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stronger for women than men, although these differences were only statistically significant for 

social disorder. Contrary to our expectations, the associations with change measures did not 

differ by age. 

Table 4: Associations of mental health in 2009, 2010, and 2011 with average levels of 

neighbourhood safety in 2004 to 2007 and changes in average levels of neighbourhood safety 

between the periods 2004 to 2007 and 2008 to 2011, for groups of sex and age, and MHI-5 score 

>60 which indicates fair/good mental health
Prevalence of having fair/good mental health in 2009, 2010, and 2011

Men Women <60 years ≥60 years

Predictora

Odds ratios 
(95% CI)

Odds ratios 
(95% CI)

Odds ratios
(95% CI)

Odds ratios
(95% CI)

General safetyb

  Level in 2004-2007 7.82 (3.18 – 20.00)*† 5.47 (2.24 – 13.35)*† 5.88 (2.40 – 14.38)* 7.68 (3.07 – 19.25)*

   Change between  
2004-2007 and 
2008-2011

1.57 (0.51 – 4.84) 1.92 (0.76 – 4.85) 1.74 (0.73 – 4.13) 1.85 (0.52 – 6.62)

Absence of social 
disorderb

  Level in 2004-2007 3.65 (2.16 – 6.19)*† 3.38 (2.00 – 5.71)*† 3.41 (2.02 – 5.77)* 3.72 (2.19 – 6.32)*

   Change between 
2004-2007 and 
2008-2011

0.48 (0.19 – 1.20)† 1.61 (0.78 – 3.33)† 1.02 (0.51 – 2.01) 0.97 (0.35 – 2.72)

Absence of physical 
disorderb

  Level in 2004-2007 2.11 (1.45 – 3.07)*† 1.87 (1.29 – 2.72)*† 1.91 (1.31 – 2.78)* 2.10 (1.43 – 3.08)*

   Change between 
2004-2007 and 
2008-2011

0.92 (0.43 – 1.99) 1.93 (1.02 – 3.68)* 1.61 (0.88 – 2.93) 1.15 (0.49 – 2.72)

Absence of 
victimisationb

  Level in 2004-2007 1.30 (0.72 – 1.62)† 1.75 (1.56 – 1.86) *† 1.66 (1.41 – 1.81)* 1.43 (0.77 – 1.74)

   Change between 
2004-2007 and 
2008-2011

0.95 (0.07 – 1.42) 1.21 (0.65 – 1.54) 1.28 (0.82 – 1.57) 0.50 (0.00 – 1.27) 

*The association is statistically significant by P≤0.05, two-sided. 
† The associations are statistically significantly different for men and women by P≤0.05.
a Control variables: age, sex (where applicable), household composition, ethnicity, education, and household 

income.
b One unit change corresponds to an increase by 1 on a scale from 0-1 for general safety, on a scale from 1-3 

for absence of social and physical disorder, and on a scale from 0-1 for absence of criminal victimisation.
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DISCUSSION

Key Findings

This study investigates whether MH is related not only with recent levels of neighbourhood 

safety, but also with changes over time in safety. Living in neighbourhoods with more favourable 

average levels of general safety, social and physical disorder, and criminal victimisation in the 

period 2004 to 2007 was associated with higher odds of having better MH in 2009 to 2011. 

Moreover, average improvement in physical disorder in recent years was positively related to 

higher odds of having good MH. A similar positive association was observed with recent changes 

in general safety, although not with statistically significance. Positive relationships were not 

observed for social disorder and criminal victimisation. Improvement in physical disorder was 

positively related to higher odds of having fair/good MH among women, but not among men. No 

such variation was observed according to age.

 

Strengths and limitations of the study

To our knowledge, this study is the second one to examine the impact of changes in 

neighbourhood safety on MH. Until now, only Blackman et al. (2001) have examined the effect 

of changes – in their case for one single area. The data we used had a number of strengths. Four 

different neighbourhood safety measures were investigated. MH was measured by the widely 

used MHI-5 questionnaire, which is a validated and reliable measure of MH status.56 Low MH 

as is measured with the MHI-5 is strongly correlated with the prevalence of mental disorders 

as diagnosed by psychiatrists.57-59 Finally, we have avoided “same-source bias”60 by measuring 

neighbourhood safety among a different sample of residents than the sample of respondents 

who were questioned about their MH.

We modeled change in neighbourhood safety between two periods (i.e. years 2004 to 2007 

and 2008 to 2011) in relation to MH in 2009 to 2011. We would have preferred to measure MH 

only in 2011, because the measured changes in neighbourhoods were completed by that time. 

However, because of lack of statistical power, we had to include 2009 and 2010 respondents 

as well in the measurement of MH. We performed sensitivity analyses that included only 2011 

respondents. The results obtained by these analyses were similar to the results reported in this 

paper (see Appendix Table 2), except that – as expected with this smaller sample - a few more 

associations were not statistically significant. 

The neighbourhood-level safety measures were based on substantial number of respondents 

per neighbourhood (Appendix Table 1). Still, the survey samples for specific neighbourhoods 
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may have changed over time with regard to socio-demographic factors or other personal 

characteristics related to perceived safety. Random and non-random changes may have biased 

observed changes in perceived neighbourhood safety. Random bias in the measurement 

of change in safety may have resulted in underestimation of the relationship between these 

changes and MH. We aimed to reduce non-random bias by adjusting the analyses for many 

socio-demographic factors. However, we could not adjust for other factors potentially related to 

safety perception, such as personality. Future studies on changes in neighbourhood safety can 

reduce such bias by using larger interview surveys, longitudinal designs or objective measures of 

neighbourhood safety. 

Comparison with other studies 

Findings for total populations

The results of previous studies on the relationship between neighbourhood safety and MH 

have been quite consistent, with most studies reporting a positive association between MH and 

neighbourhood safety (including neighbourhood order). All studies, except for Blackman et al. 

(2001), have measured neighbourhood safety at one moment in time. Our results concur with 

these studies in that we also observed positive associations between MH in 2009-2011 and the 

levels of four neighbourhood safety measures in 2004-2007. 

Our results regarding changes in neighbourhood safety can only be compared to the findings of 

Blackman et al. (2001). They reported that improvement in general safety was associated with 

improvement in community MH, while improvement in burglary in the past year was unrelated 

to improvement in MH. These findings are in line with our results that improvement in general 

safety (but not the improvements in non-victimisation) tended to be positively associated with 

MH. Associations MH and improvements in physical and social disorder have not been reported in 

other studies to date. 

Differences according to sex and age 

Several studies have suggested that neighbourhood safety may impact more severely on women 

and older adults.45-47,49 Still, very few studies have examined sex16,45 and age45 differences in the 

impact of neighbourhood safety on MH. The fact that we found the association with level to be 

stronger for older people is consistent with the findings of Whitley and Prince (2005). It is important 

to note, however, that we did not observed such age differences for the change measures.

In general, we found the association with levels of neighbourhood safety to be stronger among 

men, while association with change in safety tended to be stronger among women. Also the 
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findings of earlier studies regarding sex differences are inconsistent.16,45 More research is needed 

to unravel potential sex and age specific differences in the relationship between neighbourhood 

safety and MH.  

Explanations 

Why do we find MH to be more strongly related to levels of neighbourhood safety than to changes 

in safety? Selective migration is a potential bias if individuals with low socio-economic status or 

less capabilities come to live in disadvantaged neighbourhoods. Deprived neighbourhoods have 

higher levels of physical and social disorder, and crime.61,62,63 Furthermore, individuals with low 

socio-economic status and other disadvantages are more likely to have poor MH than those 

with high socio-economic status (Table 1).64 Cross-sectional studies with a one-time measure of 

neighbourhood safety are especially susceptible to such bias.65 Selective migration may therefore 

explain in part the strong relationships between levels of neighbourhood safety and MH. 

Associations with changes in neighbourhood safety (with control for baseline levels of safety) 

may be less vulnerable to such bias. Such bias would occur if people with poor mental health 

tend to migrate not just to deprived areas, but in particular to declining areas. This possibility 

calls for further research on the relation between MH and migration.   

Why did we found MH to be related to changes in physical disorder rather than to other measures of 

neighbourhood safety, including victimisation? The influence of changes in neighbourhood safety 

on MH may depend on the visibility of the neighbourhood changes. Changes in physical disorder 

(e.g. more or less graffiti and litter) will be visible for a much larger part of the neighbourhood 

population than changes in victimisation. Information on the latter might limited to the circle of 

friends and neighbours around the victimized. Furthermore, changes in criminal victimisation 

following neighbourhood safety interventions, might not lead to parallel changes in perception 

or fear of crime. On the contrary, some measure such as increase policy presence might make 

residents be more aware of safety problems and feel less secure in their neighbourhood. As fear 

of crime is a mechanism between criminal victimisation and MH,10 an increase in fear of crime 

can lead to poorer instead of better MH at neighbourhood levels. 

Why did we not found a stronger impact of neighbourhood safety on MH for older individuals? 

Even though older people are exposed for a longer time to a particular neighbourhood 

environment and their most prominent environment are the neighbourhood environment, many 

old people have physical or psychological limitations which may hinder them from exposure of 

the neighbourhood environment. 
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Implications

Our results provide some additional support for a causal relationship between physical disorder 

and MH. They suggest that tackling physical disorder in neighbourhoods might increase the 

number of neighbourhood residents with a better MH. Likewise, we obtained evidence, although 

less strong, to suggest that changes in the general safety may positively affect the MH of residents. 

Furthermore, our findings indicate that women may be more responsive than men. On the other 

side of the coin, weak and inconsistent associations of MH with changes in criminal victimisation 

and social disorder, respectively, raises questions on the causality of the relationship between 

these neighbourhood safety measures and MH that are observed in cross-sectional analyses. 

Future research should aim to replicate these findings by assessing MH in relationship to changes 

in neighbourhood-level safety other cities or countries. Strong evidence of causality could be 

obtained in longitudinal study design that carefully measures changes both in neighbourhood-

level safety and in individual-level MH. The measurement of changes in safety can be improved 

by adding objective assessments of neighbourhood safety, and by linking these change to specific 

policy interventions.
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Appendix Tabel 1: Number of respondents in the two safety surveys with the number of 

neighbourhoods for the period 2004 to 2007 and the period 2008 to 2011

Number of respondents
Number of neighbourhoods in 
period 2004-2007 

Number of neighbourhoods in 
period 2008-2011

15-19 74 53
20-29 375 203
30-39 319 295
40-49 141 216
50-59 59 124
60-69 33 59
70-79 17 36
80-89 11 19
90-99 7 14
100-109 6 5
110-119 2 9
120-129 0 6
130-139 0 4
140-148 0 1
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Appendix Table 2: Associations of mental health in 2009, 2010, and 2011, respectively, with 

average levels of neighbourhood safety in 2004 to 2007 and changes in average levels of 

neighbourhood safety between the periods 2004 to 2007 and 2008 to 2011, for all respondents
Prevalence of having fair/good mental health in 2009, 2010, and 2011

All respondents 2009
(N=3,011)

All respondents 2010
(N=3,693)

All respondents 2011
(N=3,297)

Predictora

Odds ratios 
(95% CI)

Odds ratios 
(95% CI)

Odds ratios 
(95% CI)

General safetyb

  Level in 2004-2007 2.80 (0.53 – 14.92) 26.89 (6.09 –118.64)* 3.48 (0.66 – 18.25)

  Change between 2004-2007   
  and 2008-2011

1.23 (0.31 – 4.86) 2.59 (0.80 – 8.37) 1.87 (0.48 – 7.25) 

Absence of social disorderb

  Level in 2004-2007 1.72 (0.62 – 4.74) 4.67 (1.88 – 11.60)* 5.75 (2.26 – 14.59)*

  Change between 2004-2007 
  and 2008-2011

1.59 (0.55 – 4.61) 1.12 (0.44 – 2.86) 0.60 (0.21 – 1.72)

Absence of physical disorderb

  Level in 2004-2007  1.30 (0.66 – 2.56) 2.24 (1.20 – 4.20)* 2.68 (1.33 – 5.38)*

  Change between 2004-2007 
  and 2008-2011

2.24 (0.88 – 5.72) 0.96 (0.42 – 2.21) 1.71 (0.66 – 4.40)

Absence of victimisationb

    Level in 2004-2007  1.42 (0.41 – 1.79) 1.74 (1.38 – 1.89)* 1.61 (1.02 – 1.85)*

    Change between 2004-2007 
    and 2008-2011

1.38 (0.62 – 1.72) 0.90 (0.00 – 1.47) 1.07 (0.00 – 1.57)

*The association is statistically significant by P≤0.05, two-sided.
a Control variables: age, sex, household composition, ethnicity, education, and household income.
b One unit change corresponds to an increase by 1 on a scale from 0-1 for general safety, on a scale from 1-3 

for absence of social and physical disorder, and on a scale from 0-1 for absence of criminal victimisation.
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ABSTRACT

Background 

Numerous area-based initiatives (ABIs) have been implemented in deprived neighbourhoods 

across Europe. These large-scale initiatives aim to tackle the socio-economic and environmental 

problems in these areas that might influence physical activity (PA). There is little robust evidence 

of their impact on PA. This study aimed to assess the impact of a Dutch ABI called the District 

Approach on trends in leisure-time PA in deprived districts.

Methods 

Repeated cross-sectional data on 48401 adults across the Netherlands were obtained from 

the Integrated Survey on Household Living Conditions (POLS) 2004–2011. 1517 of these adults 

resided in deprived target districts and 46884 adults resided elsewhere in the Netherlands. In a 

quasi-experimental interrupted time-series design, multilevel logistic regression analyses were 

performed to assess trends in leisure-time walking, cycling, and sports before and during the 

intervention. Trends in deprived target districts were compared with trends in various control 

groups. The role of the intensity of environmental interventions was also assessed.

Results 

Deprived target districts showed a significantly positive change in walking trend between the 

pre-intervention and intervention period. The trend change in the deprived target districts 

was significantly larger compared to the rest of the Netherlands, but not compared to other 

deprived districts. For cycling and sports, neither deprived districts nor control districts showed a 

significant trend change. For all leisure-time PA outcomes, trend changes were not related to the 

intensity of environmental interventions in the deprived target districts.

Conclusion 

Some evidence was found to suggest that ABIs like the District Approach have a positive impact on 

leisure-time PA in deprived districts, regardless of the intensity of environmental interventions.
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INTRODUCTION

Residents of deprived neighbourhoods have consistently been found to be less physically active 

than residents of non-deprived neighbourhoods, independent of their individual socio-economic 

status.1-6 In the past decade, numerous area-based initiatives (ABIs) have been implemented 

in deprived neighbourhoods across Western-Europe.7 These large-scale initiatives aim to tackle 

the multitude of socio-economic and environmental problems in these neighbourhoods that 

might influence physical activity (PA) behaviour, including employment, income, housing, crime, 

and social cohesion. There is little robust evidence of their effect on PA.8-10 Quasi-experimental 

evaluations of natural experiments may be useful to assess their effectiveness.10-13 However, in 

the field of PA, this type of evaluations is still in its infancy.14

ABIs may affect PA behaviour via different pathways. Better economic position may improve 

access to social and material resources for PA.15 Stronger community bonds may enlarge social 

support and companionship for PA, which have consistently been associated with higher levels of 

PA.15,16 Stronger community bonds may also reinforce positive social norms for healthy behaviours 

such as PA.15 Improvements with respect to housing and the physical environment may improve 

neighbourhood aesthetics, pedestrian infrastructure and recreational facilities, which have all 

been consistently associated with PA.16-22 A safer neighbourhood may reduce the fear of outdoor 

activities, although evidence for an association between neighbourhood safety and PA is less 

consistent.23

The English New Deal for Communities (NDC) is one of the few ABIs that has been used as a 

natural experiment to explore its impact on PA.24,25 The NDC aimed to improve the socio-

economic and environmental situation in England’s most deprived areas. At 4-year and 6- year 

follow-up, a flat post-intervention trend in PA was found for NDC areas and control areas.24,25 The 

authors concluded that the NDC had no impact on PA.

However, the impact of the NDC on PA may have been underestimated, as no pre-intervention 

trends were included in the evaluations. Moreover, previous research has suggested that the 

impact might depend on the ability of interventions to influence the outcome and on the quality 

of their implementation.9,26 Interventions that are aimed at environmental problems instead 

of socioeconomic problems may be more likely to cause districtwide changes in LTPA within a 

relatively short period of time because of a wider reach and shorter lag-times of effect. Studies 

are needed that assess changes in PA trends before and during the intervention and that focus on 

areas where intensive environmental interventions have been implemented.
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An opportunity for such a study arose in 2008 with the implementation of a Dutch ABI called 

the District Approach. The District Approach aims to alleviate problems of employment, 

education, housing and the physical environment, safety, and social integration in 40 of the most 

deprived districts of the Netherlands. Districts have been selected based on their accumulation 

of economic, physical, and social problems, judged on statistics and survey data. Each district 

developed its own mix of socio-economic and environmental interventions, resulting in large 

between-district variations in the intensity of interventions.27

This study aimed to evaluate the short-term impact of the District Approach on trends in leisure-

time PA (walking, cycling, and sports) using a quasi-experimental interrupted time-series design. 

First, PA trends before and during the intervention were assessed in all deprived target districts 

and in various control groups. Next, trends were assessed in those deprived target districts where 

environmental interventions have been implemented most intensively. We expected to find a 

more positive PA trend change in deprived target districts than in the control groups, especially 

in deprived target districts with intensive environmental interventions.

METHODS

Study population

Repeated cross-sectional data for years 2004 to 2011 were obtained from the Dutch Integrated 

Survey on Household Living Conditions (POLS). A random nationwide sample of non-institutionalized 

individuals of all ages was drawn from a subset of the national population registry. The subset 

consisted of individuals whose seventh digit of their personal identification number corresponded 

with the current year, e.g. 9 for 2009. This prevented individuals from being sampled twice over 

the years. Throughout the year, the individuals in the sample were approached by an interviewer 

for the basic survey. Questions on PA were asked in a supplementary internet or paper-and-pencil 

survey, administered only among individuals of age 12 and older. Between 2004 and 2011, 53778 

individuals completed the additional survey. Total non-response was 40%.

For the analyses, respondents were excluded if younger than 18 and if PA scores were missing 

or unrealistic (scores exceeding 3360 minutes per week). Three different samples resulted as the 

number of missing and unrealistic scores was different for each of the PA outcomes. For walking, 

cycling, and sports, there were 48401, 48420, and 48906 adults with valid scores, respectively. Of 

these adults, 1517, 1544, and 1555, respectively, resided in deprived target districts. The remaining 

46884, 46876, and 47351 adults, respectively, resided elsewhere in the Netherlands.
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Measures

Leisure-time physical activity 

The dependent variable was self-reported leisure-time PA. PA was measured in POLS using 

the Dutch Short QUestionnaire to ASsess Health-enhancing physical activity (SQUASH). This 

instrument has shown to be fairly reliable and valid for measuring PA.28,29 Respondents were 

asked to report the duration (hours and minutes per day) and frequency (days per week) of 

leisure-time walking, cycling, and sports. Water-related sports (e.g. skiing, surfing, diving) were 

excluded from the analyses because they were strongly bound to spaces that were usually outside 

of residential areas. Agility sports (e.g. bowling, darts, golf ) and mental sports (e.g. chess) were 

excluded from the analyses because their intensity was too low to be considered as intense PA. 

Total minutes per week spent on leisure-time walking, cycling, and sports were calculated by 

multiplying duration and frequency. Distribution of the three PA outcomes was highly skewed, 

with almost half of the respondents not engaging in PA. Therefore, PA was dichotomised into 

‘inactive’ (0 minutes per week) versus ‘active’ (any minutes per week). Sensitivity analyses have 

found results to be robust against alternative cut-off points (30 or 60 minutes per week) (results 

not shown).

Time variables 

The main predictor variable was survey year. The survey was administered from 2004 to 2011. 

Respondents filled in the questionnaire at any time during these years. To make more accurate 

trend estimates, survey years were grouped into half year sections. One of the main effect 

modifiers was the survey period. Survey years were grouped into a pre-intervention period 

(January 2004 to June 2008) and an intervention period (July 2008 to December 2011).

Districts 

The second main effect-modifier was the respondents’ district of residence. Data on 4-digit 

zip codes were obtained from the national population registry and linked to the POLS data. 

Subsequently, various groups of districts were identified. The main intervention group consisted 

of all deprived districts targeted by the District Approach. Three control groups were included. 

The first consisted of all other districts in the Netherlands (‘rest of the Netherlands’). As these 

districts may have been dissimilar at baseline in ways related to the study outcome, two additional 

control groups were included that were matched with the deprived target districts in terms of 

deprivation level and/or geographical location. The first matched control group consisted of 

other deprived districts with deprivation levels similar to that of the deprived target districts, 

but where the District Approach had not been introduced (‘other deprived districts’). The second 

matched control group consisted of only those other deprived districts that were located in the 
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same city as the deprived target districts (‘other deprived districts same city’). Because of lower 

levels of power and the possibility of spill-over effects in the two matched control groups, the 

rest of the Netherlands was the main control group.

Intensity of environmental interventions 

Within the District Approach, twelve types of environmental interventions were identified 

(housing quality, neighbourhood regeneration, green space, footpaths and cycle tracks, play 

grounds, sports facilities and activities, social capital, nuisance and conflicts, nuisance from 

youth, physical disorder, burglary, traffic safety). For each district, we first listed all activities 

implemented in each of these twelve fields of action for longer than one year.27 Next, we 

specified the number of residents reached or the amount of neighbourhood change for each of 

the activities. Finally, this information was used to estimate the potential impact of all activities 

within a specific field of action. This impact was graded as low (no change expected in this field), 

intermediate (small changes expected) or high (substantial changes expected). For each district, 

we calculated overall intensity score by summing the grades in all twelve fields of action (low 

= 0, intermediate = 1, high = 2). The average overall intensity score over all areas was 11.47. 

We distinguished deprived target districts with less intensive environmental interventions (score 

≤12, n = 16) from those with more intense environmental interventions (score ≥12, n = 20). For 

four districts, no detailed programme information was available. See Droomers et al.27 for more 

detailed information on the implementation of interventions.

Potential confounders 

Data on age (continuous), gender, household composition (five categories), and highest level of 

education completed (five ordinal groups based on the International Standard Classification of 

Education (ISCED)) were obtained from the POLS survey. Data on ethnicity (four categories) were 

derived from the national population registry. Information on equivalent disposable household 

income (quintiles) was obtained from the national tax registry.

Statistical analyses

Interrupted time-series analyses were performed in 2013 to assess whether trends in leisure-

time walking, cycling and sports have changed with the implementation of the District Approach. 

Multilevel logistic regression models were used to assess the association between year and PA, 

i.e. the half-yearly amount of change in prevalence of PA. Hereafter, this is called the trend. The 

trend was estimated for both the pre-intervention and intervention period. The difference in 

trends between these two periods was assessed by means of an interaction term for year and 

period. Hereafter, this will be called the trend change.
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An interaction term for year and district was included to assess differences in PA trends between 

the deprived target districts and the various control groups. An interaction term for year, district, 

and period was included to assess differences in PA trend changes between the deprived 

target districts and the various control groups. The role of the intensity of the environmental 

interventions was assessed by focussing the analyses on deprived target districts with either less 

intensive or more intensive environmental interventions.

Analyses were adjusted stepwise. Model 1 controlled for age, gender, household composition, 

and ethnicity. To explore the moderating effect of socio-economic factors, model 2 further 

controlled for education and income. Multilevel regression analyses were applied to take 

clustering of respondents in districts into account. Level 1 represented individuals and level 2 

represented neighbourhoods. All analyses were carried out using STATA 11.0 software. Statistical 

significance was set at 0.05.

RESULTS

Residents of the deprived target districts differed significantly from those of the control groups, 

especially from the rest of the Netherlands, with respect to most characteristics (Table 1). 

Compared with all control groups, a higher percentage of residents of deprived target districts 

was single, non-Western non-ethnic Dutch, had lower educational levels, had lower income 

levels, and did no leisure-time cycling and sports. No between-district differences were noted in 

the average prevalence of leisuretime walking.
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Table 1: Characteristics of the study population
Total Deprived 

target 
districts

Control groups

Rest of the 
Netherlands

Other deprived 
districtsb

Other deprived 
districts, same cityc

Numbers
n 4-digit zipcodes 3502 83 3419 250 119
n adults in total 48401 1517 46884 4277 2389
n adults per half year (mean±SD) 3025±293 95±16 2 930±286 267±26 149±15
n adults per zipcode (mean±SD) 14±12 18±8 14±12 17±11 20±11
Characteristicsa

Age (mean±SD) 49.4±16.9 48.1+17.9 49.4+16.9* 48.8+17.2 48.2+17.0
Gender (%) 
Men 47.7 46.1 47.8 46.0 45.6
Women 52.3 53.9 52.2 54.0 54.4
Household composition (%) * * *
Partner/married with child(ren) 39.4 35.2 39.5 33.9 33.2
Partner/married without child(ren) 38.4 28.3 38.7 36.1 32.7
Single without child(ren) 16.9 25.4 16.6 23.0 26.2
Single with child(ren) 4.1 8.2 4.0 5.1 5.6
Other 1.2 2.8 1.1 1.9 2.3
Ethnicity (%) * * *
Ethnic Dutch 87.8 66.1 88.5 80.5 77.2
Non-ethnic Dutch, western 7.1 9.7 7.1 9.4 10.6
Non-ethnic Dutch, non-western 3.4 19.1 2.8 7.1 8.8
Non-ethnic Dutch, origin unknown 1.2 3.3 1.1 1.8 2.2
Education (%) * * *
Primary education 13.4 22.0 13.2 16.9 15.9
Secondary education: lower level 23.3 25.1 23.2 20.6 17.6
Secondary education: higher level 35.1 29.1 35.3 29.9 26.8
Tertiary education 26.3 21.9 26.4 30.3 37.0
Income (%) * * *
First quintile (< €15037) 16.5 27.9 16.1 21.3 22.6
Second quintile (€15037 – €19000) 18.9 23.8 18.7 20.2 18.9
Third quintile (€19001 - €23317) 19.8 19.6 19.8 19.0 17.8
Fourth quintile (€23318 - €29746) 21.3 15.0 21.5 19.0 18.5
Fifth quintile (> €29746) 22.0 11.7 22.3 19.0 20.7
Physical activity (% active)
Leisure-time walking 62.6 63.3 62.6 60.8 62.7
Leisure-time cycling 54.6 42.0 55.0* 49.5* 48.7*
Sports 43.0 36.7 43.2* 41.2* 42.9*

* Differs significantly from deprived target districts.
a Percentages may not add up to 100% due to the category ‘missings’ which has not been reported. 
bDistricts with levels of deprivation similar to that of the deprived target districts, but where the District 

Approach had not been introduced. 
cDistricts with levels of deprivation similar to that of the deprived target districts and that are situated in 

the same cities as the deprived target districts, but where the District Approach had not been introduced.
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Figure 1 displays the trends in prevalence of leisuretime walking, cycling, and sports between 

2004 and 2011. In the deprived target districts, prevalence of cycling slightly increased between 

2004 and 2011, while prevalence of sports remained unchanged. For walking, the trend in 

deprived target districts differed between the pre-intervention and intervention period. In the 

preintervention period, prevalence decreased from 72% in the first half of 2004 to 63% in the 

first half of 2008. In the intervention period, prevalence increased from 57% in the second half of 

2008 to 70% in the second half of 2011. For all PA outcomes, the rest of the Netherlands showed 

a steady trend over the years.

Figure 1: Trends in leisure-time physical activity in deprived target districts and the rest of the 

Netherlands.



Chapter 6

6

158

Table 2 shows the change in PA trends between the pre-intervention period and the intervention 

period for deprived target districts and the rest of the Netherlands. In deprived target districts, 

the trend in walking changed from a slightly negative trend before the District Approach (β: 

−0.04; 95% confidence interval (CI): −0.08 – 0.00) to a positive trend during the District Approach 

(β: 0.11; 95% CI: 0.04 – 0.18). This change in trend was found to be significant (β: 0.15; 95% CI: 

0.04 – 0.25). In the rest of the Netherlands too, there was a significantly positive trend change 

in walking, though smaller (β: 0.03; 95% CI: 0.01 – 0.04). The trend change in walking was 

significantly more positive in the deprived target districts than in the rest of the Netherlands (β: 

0.12; 95% CI: 0.02 – 0.22). Adjustment for potential confounders did not substantially alter the 

results. For cycling and sports, trend changes were slightly negative in deprived target districts. 

However, trend changes were not significant and did not significantly differ from those in the rest 

of the Netherlands.

For walking, differences in trend change were of similar magnitude but not statistically significant 

when deprived target districts were compared with two matched control groups (Table 3). The 

trend change was slightly more positive in the two matched control groups than in the rest of the 

Netherlands. As a result, the significantly positive trend change in deprived target districts did 

not significantly differ from that in the two matched control groups. For cycling and sports, trend 

changes were similar across all control groups.



The impact of area-based initiatives on physical activity trends in deprived areas

6

159

Table 2: Trends in leisure-time physical activity in deprived target districts versus the rest of the 

Netherlands
Trend in walking/cycling/sportsa 

(regression coefficient ß (95% Confidence Interval))

Modelb

                               Period
District type

Pre intervention Intervention Intervention versus 
pre intervention  

Leisure-time walking

M0 Deprived target districts -0.04 (-0.08 – 0.00) 0.11 (0.04 – 0.18)* 0.15 (0.04 – 0.25)*

Rest of the Netherlands -0.00 (-0.01 – 0.00) 0.02 (0.01 – 0.04)* 0.03 (0.01 – 0.04)*

Deprived target districts versus rest of the Netherlands 0.12 (0.02 – 0.22)*

M1 Deprived target districts -0.04 (-0.08 – 0.01) 0.11 (0.04 – 0.19)* 0.15 (0.04 – 0.30)*

Rest of the Netherlands -0.00 (-0.01 – 0.00) 0.02 (0.01 – 0.03)* 0.03 (0.01 – 0.04)*

Deprived target districts versus rest of the Netherlands 0.12 (0.02 – 0.23)*

M2 Deprived target districts -0.04 (-0.08 – 0.00) 0.11 (0.03 – 0.18)* 0.14 (0.04 – 0.25)*

Rest of the Netherlands -0.00 (-0.01 – 0.00) 0.02 (0.01 – 0.03)* 0.02 (0.00 – 0.04)*
Deprived target districts versus rest of the Netherlands 0.12 (0.02 – 0.23)*

Leisure-time cycling

M0 Deprived target districts 0.04 (0.00 – 0.08)* 0.00 (-0.07 – 0.07) -0.04 (-0.14 – 0.06)

Rest of the Netherlands 0.00 (-0.00 – 0.01) 0.03 ( 0.02 – 0.04)*  0.02 ( 0.01 – 0.04)*

Deprived target districts versus rest of the Netherlands -0.06 (-0.16 – 0.04)

M1 Deprived target districts 0.05 ( 0.00 – 0.09)* 0.00 (-0.07 – 0.07) -0.04 (-0.14 – 0.06)

Rest of the Netherlands 0.01 (-0.00 – 0.01) 0.03 ( 0.02 – 0.04)*  0.03 ( 0.01 – 0.04)*

Deprived target districts versus rest of the Netherlands -0.07 (-0.17 – 0.03)

M2 Deprived target districts 0.05 ( 0.01 – 0.09)* -0.00 (-0.07 – 0.07) -0.05 (-0.15 – 0.05)

Rest of the Netherlands 0.01 (-0.00 – 0.01)  0.03 ( 0.01 – 0.04)*  0.02 ( 0.00 – 0.04)*

Deprived target districts versus rest of the Netherlands -0.07 (-0.17 – 0.03)

Sports

M0 Deprived target districts 0.02 (-0.02 – 0.06) -0.01 (-0.08 – 0.06) -0.03 (-0.13 – 0.07)

Rest of the Netherlands 0.00 (-0.00 – 0.01)  0.00 (-0.01 – 0.02)  0.00 (-0.02 – 0.02)

Deprived target districts versus rest of the Netherlands -0.03 (-0.13 – 0.07)

M1 Deprived target districts 0.02 (-0.02 – 0.06) -0.02 (-0.09 – 0.05) -0.04 (-0.14 – 0.07)

Rest of the Netherlands 0.01 ( 0.00 – 0.02)*  0.01 ( 0.00 – 0.02)*  0.00 (-0.02 – 0.02)

Deprived target districts versus rest of the Netherlands -0.04 (-0.14 – 0.07)

M2 Deprived target districts 0.02 (-0.02 – 0.06) -0.04 (-0.12 – 0.03) -0.06 (-0.17 – 0.04)

Rest of the Netherlands 0.00 (-0.00 – 0.01) -0.01 (-0.02 – 0.00) -0.01 (-0.03 – 0.01)

Deprived target districts versus rest of the Netherlands -0.05 (-0.16 – 0.06)

*P≤0.05. 
aTrend represents the half yearly change in ln(odds).
bM0: unadjusted. M1: adjusted for age, gender, household composition, ethnicity. M2: additional adjustment 

for education, income.
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Table 3: Trends in leisure-time physical activity in deprived target districts versus various control groups
Trend in walking/cycling/sportsa

 (regression coefficient ß (95% Confidence Interval))
                                         Period
District type

Pre intervention Intervention Intervention versus pre 
intervention  

Leisure-time walking

Deprived target districts -0.04 (-0.08 – 0.00)  0.11 (0.03 – 0.18)*  0.14 (0.04 – 0.25)*

Rest of the Netherlands -0.00 (-0.01 – 0.00)  0.02 (0.01 – 0.03)*  0.02 (0.00 – 0.04)*

Deprived target districts versus rest of the Netherlands  0.12 (0.02 – 0.23)*

Other deprived districts -0.01 (-0.04 – 0.01)  0.02 (-0.02 – 0.06)  0.04 (-0.02 – 0.10)

Deprived target districts versus other deprived districts  0.11 (-0.01 – 0.23)

Other deprived districts, same city -0.02 (-0.05 – 0.01)  0.04 (-0.01 – 0.10)  0.06 (-0.02 – 0.14)

Deprived target districts versus other deprived districts, same city  0.09 (-0.04 – 0.22)

Leisure-time cycling

Deprived target districts  0.05 (0.01 – 0.09)* -0.00 (-0.07 – 0.07) -0.05 (-0.15 – 0.05)

Rest of the Netherlands  0.01 (-0.00 – 0.01)  0.03 (0.01 – 0.04)*  0.02 ( 0.00 – 0.04)*

Deprived target districts versus rest of the Netherlands -0.07 (-0.17 – 0.03)

Other deprived districts  0.01 (-0.02 – 0.03)  0.05 (0.01 – 0.09)*  0.04 (-0.02 – 0.10)

Deprived target districts versus other deprived districts -0.10 (-0.22 – 0.02)

Other deprived districts, same city  0.01 (-0.02 – 0.05)  0.03 (-0.02 – 0.08)  0.02 (-0.06 – 0.09)

Deprived target districts versus other deprived districts, same city -0.08 (-0.21 – 0.04)

Sports

Deprived target districts  0.02 (-0.02 – 0.06) -0.04 (-0.12 – 0.03) -0.06 (-0.17 – 0.04)

Rest of the Netherlands  0.00 (-0.00 – 0.01) -0.01 (-0.02 – 0.00) -0.01 (-0.03 – 0.01)

Deprived target districts versus rest of the Netherlands -0.05 (-0.16 – 0.06)

Other deprived districts  0.00 (-0.02 – 0.03)  0.01 (-0.04 – 0.05)  0.00 (-0.06 – 0.07)

Deprived target districts versus other deprived districts -0.05 (-0.18 – 0.07)

Other deprived districts, same city -0.01 (-0.04 – 0.03) -0.01 (-0.07 – 0.04) -0.00 (-0.09 – 0.08)

Deprived target districts versus other deprived districts, same city -0.05 (-0.18 – 0.08)

*P≤0.05. 
aTrend represents the half yearly change in ln(odds), adjusted for age, gender, household composition, 

ethnicity, education, and income. 
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Table 4: Trends in leisure-time physical activity in deprived target districts with less and more 

intensive environmental interventions 
Trend in walking/cycling/sportsa

 (regression coefficient ß (95% Confidence Interval))

                                                    Period                                       
District type

Pre intervention Intervention Intervention versus pre 
intervention  

Leisure-time walking

Rest of the Netherlands -0.00 (-0.01 – 0.00)  0.02 ( 0.01 – 0.03)*  0.02 ( 0.00 – 0.04)*

Low-intensity deprived target districts -0.07 (-0.15 – 0.01)  0.13 (-0.00 – 0.27)  0.20 ( 0.01 – 0.40)*

Low-intensity deprived target districts versus rest of the Netherlands  0.18 (-0.01 – 0.38)

High-intensity deprived target districts -0.02 (-0.07 – 0.04)  0.08 (-0.01 – 0.18)  0.10 (-0.04 – 0.24)

High-intensity deprived target districts versus rest of the Netherlands  0.08 (-0.06 – 0.22)

Leisure-time cycling

Rest of the Netherlands  0.01 (-0.00 – 0.01)  0.03 ( 0.01 – 0.04)*  0.02 ( 0.00 – 0.04)*

Low-intensity deprived target districts  0.04 (-0.04 – 0.11) -0.03 (-0.16 – 0.11) -0.06 (-0.25 – 0.13)

Low-intensity deprived target districts versus rest of the Netherlands -0.08 (-0.27 – 0.11)

High-intensity deprived target districts  0.06 (-0.00 – 0.11)  0.01 (-0.08 – 0.10) -0.05 (-0.18 – 0.08)

High-intensity deprived target districts versus rest of the Netherlands -0.07 (-0.20 – 0.06)

Sports

Rest of the Netherlands  0.01 (-0.00 – 0.01) -0.01 (-0.02 – 0.00) -0.01 (-0.03 – 0.01)

Low-intensity deprived target districts -0.00 (-0.09 – 0.08) -0.02 (-0.15 – 0.12) -0.01 (-0.21 – 0.19)

Low-intensity deprived target districts versus rest of the Netherlands -0.00 (-0.20 – 0.20)

High-intensity deprived target districts  0.04 (-0.02 – 0.10) -0.08 (-0.17 – 0.02) -0.12 (-0.26 – 0.02)

High-intensity deprived target districts versus rest of the Netherlands -0.11 (-0.25 – 0.03)

*P≤0.05. 
aTrend represents the half yearly change in ln(odds), adjusted for age, gender, household composition, 

ethnicity, education, and income.

Table 4 shows the change in PA trends for deprived target districts with less and more intensive 

environmental interventions. Both low- and high-intensity districts showed a positive trend 

change in walking. The trend change was somewhat larger in low-intensity districts (β: 0.20; 95% 

CI: 0.01 – 0.40) than in high-intensity districts (β: 0.10; 95% CI: −0.04 – 0.24), but confidence 

intervals greatly overlapped. For both districts, trend changes did not significantly differ from 

those in the rest of the Netherlands. For cycling, trend changes were similar in the high- and 

low-intensity districts. Trend changes in both districts were slightly more negative than in the 

rest of the Netherlands, but differences were small and not statistically significant. For sports, 
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no trend change was apparent in low-intensity districts (β: −0.01; 95% CI: −0.21 – 0.19), while 

high-intensity districts showed a slightly negative trend change (β: −0.12; 95% CI: −0.26 – 0.02). 

Again, confidence intervals greatly overlapped. The trend change in high-intensity districts was 

not significant and did not significantly differ from that in the rest of the Netherlands (β: −0.11; 

95% CI: −0.25 – 0.03).

DISCUSSION

This study provides novel insights into the impact of ABIs on leisure-time PA. In the deprived 

target districts, there was a positive trend change in walking between the periods before and 

during the District Approach. This trend change was significantly larger than in the rest of the 

Netherlands. Neither deprived target districts nor control districts showed a significant trend 

change in cycling or sports. Trend changes in PA appeared to be unrelated to the intensity of 

environmental interventions in the deprived target districts.

Limitations

Total non-response was 40%. Non-response may have been selective in ways related to our 

study outcome. A comparison of weighed and non-weighed characteristics of the total study 

population revealed a small overrepresentation of older people, women, couples with children, 

ethnic Dutch, people with higher income, and active people (data not shown). Unfortunately, 

information on non-response was not available for the deprived target districts specifically. 

However, even if non-response would have been selective in the deprived target districts, it 

would have only affected our trend estimates if nonresponse rates would have differed over 

time. In our study, non-response rates appeared to remain stable over time. We used repeated 

cross-sectional data for time points of half year each. The characteristics of the survey samples 

may have varied between these half years. However, given the sampling design that was used, 

there is little reason to expect the time variation to be systematic. Moreover, we controlled our 

analyses for possible systematic variations in the demographic and socio-economic characteristics 

of respondents.

We compared trends in deprived target districts with those in various control groups. Comparison 

with other deprived districts has the advantage of increasing similarity between the intervention 

and control groups. On the downside, these districts may have received ABIs similar to the 

District Approach. Moreover, deprived control districts that are located near the deprived target 

districts might have experienced spill-over effects of the District Approach. Comparison with 

such districts may thus cause an underestimation of the impact of the District Approach. The 
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use of a national control group minimized these problems, at the price of greater dissimilarity 

between the intervention and control group. To control for some of these dissimilarities in 

population composition, analyses were adjusted for various demographic and socio-economic 

characteristics.

Our results might have been biased by selective migration of residents.11,30 The District Approach 

might have led to the migration of more affluent (and active) individuals into the deprived target 

districts. Consequently, changes in PA might have been the result of population changes rather 

than environmental changes. However, such selective migration seems to have played a minor 

role as adjustment for socio-economic factors did not substantially change our key findings. 

Moreover, previous evaluation studies of the NDC have found changes in PA to be similar in high- 

and low-mobility areas, indicating selective migration to be absent.30

This evaluation study has a limited post-intervention evaluation time of 3.5 years. Longer follow-

up time is needed to address the long-term impact of the District Approach on PA.

Interpretation of results

Evaluation studies of the NDC found no evidence of an effect on PA.24,25 We initially hypothesised 

this absence of effect to be partly due to lack of inclusion of the pre-intervention trend. In the 

current study, however, key results were similar regardless of the inclusion of pre-intervention 

trends.

The NDC evaluations examined overall PA.24,25 Results of the current study illustrate the need to 

distinguish different types of PA, as a positive effect of the District Approach was observed for 

leisure-time walking only, and not for leisure-time cycling or sports. The District Approach might 

have had an impact on leisure-time walking only, as walkers are most likely to be exposed to 

their immediate neighbourhood environment. In the Netherlands, 40% of the walking trips take 

place within 5 kilometres of home, compared to only 4% of the cycling trips.31 Exposure to the 

neighbourhood environment is limited with many sports, as more than half of the sports activities 

take place at indoor sports clubs.32 A recent review has also found various aspects of the physical 

neighbourhood environment to be associated with walking, but less so with other types of PA.33

Trends in walking in deprived target districts were not related to the intensity of environmental 

interventions. Perhaps PA trends were affected less by environmental interventions and more 

by interventions that were aimed at the individual, such as employment- and educationrelated 

initiatives. However, we found no indications for an impact of individual-level interventions on 
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PA. First, adjustment for education and income levels had little or no effect on the results. Second, 

individual-level interventions as carried out in the District Approach reached only a small part of 

the population, and their impact on PA among these people is likely to have long lag-times. As a 

result, it is unlikely that the individual-level interventions have caused short-term district-wide 

changes in PA.

The finding that PA trends were unrelated to the intensity of interventions suggests that factors 

other than intensity were more important determinants of the outcomes of the District Approach. 

Prior research of the NDC has also found expenditure and number of interventions to be unrelated 

to the outcome of the programme.34 The impact of the NDC on various place- and people-based 

outcomes was found to vary according to the size and socio-demographic composition of the 

population, the urbanisation level of the area, and the amount of problems in the area at the 

start of the programme.34 Unfortunately, we were unable to make such distinctions.

Future studies should use longitudinal data to prevent variations in study population over 

the years, which may result either from selective migration or from variations in sampling. 

Longitudinal studies may also be useful to explore the underlying mechanisms of change, for 

example by relating PA changes to changes in socio-economic and environmental factors, or 

by comparing PA changes between beneficiaries and non-beneficiaries of specific projects. 

Moreover, future studies should take into account the local context to capture possible variations 

in effect between areas.

Conclusions

There was some evidence that ABIs like the Dutch District Approach might have a positive effect 

on leisure-time PA behaviour in deprived areas. The District Approach appeared to improve 

trends in leisure-time walking, regardless of the intensity of environmental interventions. By 

applying a quasi-experimental time-series design, this study offers new evidence for the impact 

of ABIs on leisure-time PA. This design could be applied to future evaluations of ABIs. However, 

complementary studies are needed to uncover the mechanisms through which ABIs might affect 

leisure-time PA behaviour in deprived districts.
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ABSTRACT

Background

Well-conducted research of the impact of area-based initiatives (ABI’s) on mental health (MH) is 

very scarce. This paper aims to assess the short-term impact on time trends in MH of the ABI’s 

that were implemented from 2008 onwards in the 40 most deprived districts in the Netherlands. 

Methods

Repeated cross-sectional data were accessed from the yearly nationwide Dutch Health Interview 

Survey. Data were selected from 2004 to 2011 among adults of 18 years and older (n deprived 

target districts = 1,445, n rest of the Netherlands = 44,795). In a quasi-experimental design, using 

multi-level logistic regression models, the development of MH in the deprived target districts 

was compared with the development in the rest of the Netherlands. Additionally, two control 

groups that more closely resembled the target districts were studied. Finally, we investigated the 

MH trends separately for men and women and districts distinguished by intensity of ABI efforts.   

Results

The target districts experienced a stable trend in MH in the post-intervention period, while 

inhabitants living in comparably deprived areas experienced a deterioration in MH. The pre-

post intervention change of trends in MH among the residents of the target districts was about 

equal compared with all different groups of control areas (Δβ 0.06 (-0.07 – 0.18)). However, 

a strong tendency was found among women towards more positive change of trends in the 

target districts compared with control areas (Δβ 0.17 (-0.01 – 0.34)). This positive effect was not 

observed among males. In addition, those target districts that implemented an intensive ABI 

experienced an improvement in MH starting halfway 2008, while inhabitants in the control areas 

experienced a deterioration in MH, resulting in a statistically significantly more positive pre-post 

intervention change of trends in those target districts (Δβ 0.19 (0.01 – 0.38)). The target districts 

with less intensive activities showed approximately equal pre and post trends as control areas. 

Conclusion

When an ABI is implemented with a wide range of intensively applied activities, it may be 

effective in promoting fair or good MH. 
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INTRODUCTION

Findings from the World Health Organization (WHO) Global Burden of Disease Study have 

revealed that mental and addictive disorders are significant contributors to the global burden 

of disease, directly accounting for about 7.4% of disease burden worldwide.1 A study using 

the WHO’s World Mental Health Surveys reported that approximately one-third of the Dutch 

population will have a mental disorder at one point during their life.2 Likewise, a recent study 

concluded that mental disorders are highly prevalent in the Netherlands (lifetime prevalence 

estimates were 19−20% for mood, anxiety disorders, and substance disorder).3 

Longitudinal studies or studies of area-based initiatives (ABI’s) that employ a (quasi-) experimental 

design may provide a key opportunity to examine causal effects of neighbourhood characteristics 

on MH. ABI’s are initiated by governments to improve social, economic, and environmental 

problems apparent in more deprived neighbourhoods. While the longitudinal studies have been 

focusing one or a few neighbourhood characteristics, the ABI’s studies the integral approach 

of interventions of multiple neighbourhood characteristics. Intersectorality may have a positive 

influence on health (including MH) because most of the social, economic, and environmental 

determinants of health and health inequalities lies outside the authority of the health sector.  

There is conflicting evidence on the effect of ABI’s on MH. The New Deal for Communities 

Programme (NDC), one of the most intensive ABI’s ever introduced in England, found a statistically 

significant positive change in MH for the total population between 2002 and 2008 compared to 

comparator areas.4 For women a more positive improvement in MH was found compared to 

men.5 Furthermore, three small-scale ABI’s in England and Norway reported improvement in 

MH following the initiatives.6-8 Also, a qualitative study has suggested that ABI’s appear to have 

a modest impact on people with a MH problem.9 However, other small-scale ABI’s found no 

significant improvement in MH.10,11 A major limitation of some of these studies was that they 

did not include control areas.7,9,11 Some other studies had small sample sizes, which limited their 

ability to detect differences in pre- and post-intervention,6-8,10,11 although some were able to 

detect significant differences.6-8 Moreover, none of these studies evaluated trends before the 

start of the interventions but included only one measurement at the start of the interventions. 

Comprehensive studies on large-scale ABI’s are needed that includes control areas and investigate 

pre-post intervention changes of trend in MH. In the Netherlands, such an opportunity occurred 

with the introduction of the comprehensive large-scale ABI called the Districts Approach. This 

initiative was launched by the Dutch government in 2007 and the implementation started around 
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July 2008. From then until 2012 approximately 5 billion euros has been invested to ameliorate 

problems with employment, educational level, housing conditions or residential environment, 

safety, and social cohesion in the 40 most deprived districts of the Netherlands (hereafter 

called target districts).12 Each target district has implemented locally tailored socio-economic 

and environmental interventions to suit the specific local needs. Large variations existed in the 

number of residents reached by the interventions, or the amount of district change, and/or the 

amount of different types of activities which were implemented.13  

 

The aim of this study was to evaluate the short-term impact of the District Approach on trends in 

perceived MH using a quasi-experimental design. First, we investigated whether the trend in MH 

in all target districts was more positive in the first years after the implementation of the District 

Approach, compared with the trend before that time. We compared the development of MH in 

the target districts with the development in three different groups of control areas. Second, we 

examined whether these trends varied according to sex and according to the intensity of ABI 

efforts.  

METHODS

Study population

Repeated cross-sectional data were accessed from the Dutch Health Interview Survey (HIS), 

conducted by Statistics Netherlands. The HIS is a large yearly nationwide survey among non-

institutionalized persons aged 0 years or older. Each month a person-based sample is drawn from 

the Dutch population register. In the years 2004 to 2009 respondents can participate by a face-

to-face interview at home. From 2010 respondents can participate either by internet, by phone 

or in a face-to-face interview. A second part of the questionnaire contains more sensitive topics, 

such as MH. This part can be completed by respondents aged 12 years and older by a written 

questionnaire or by internet (from 2010). The yearly response rate is 60-65% for the main survey 

and (among those who responded) the response rate for second part was 80% (years 2004 to 

2009) and 55% (years 2010 and 2011). We selected data from 2004 to 2011 and adults aged 18 

years and older. In total data from 46,240 respondents were included in the analyses. 

Measures

Mental health

The outcome variable was perceived MH which was measured in the HIS using the Mental Health 

Inventory (MHI-5). The MHI-5, a 5-item questionnaire, measures general MH.14 It is especially a 

good predictor of mood disorders and it is adequate as a screening instrument for some anxiety 
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disorders.15 Research has shown that self-reported mental ill health measured with the MHI-

5 is strongly correlated with the diagnoses given by psychiatrists.16-18 The MHI-5 contains the 

following five questions: during the last 4 weeks, how often: (1) ‘Have you been a very nervous 

person?’, (2) ‘Have you felt downhearted and blue?’, (3) ‘Have you felt calm and peaceful?, (4) 

‘Have you felt so down in the dumps that nothing could cheer you up?’, and (5) ‘Have you been 

a happy person?’. Each item has 6 possible answers ranging from ‘all of the time’ to ‘none of 

the time’. The total score was obtained by reversing the answers to the third and fifth items, 

summing up the five item scores, and transforming this score to a scale from 0 to 100. A higher 

score indicates better MH. 

We decided to dichotomize the MH score. Based on a Dutch validation study19 we decided to 

dichotomize this score into fair or good MH (>60) and less than fair or good MH (≤60). This study 

reported that using the Composite International Diagnostic Interview (CIDI), which is developed 

by the WHO, 12.2% of the population was diagnosed with at least one disorder. This prevalence 

was used as ‘golden standard’ and the MHI-5 cut-point which matched this prevalence most 

closely was 60 (case prevalence 11.2%). 

Intervention and control areas 

The intervention group consisted of all deprived districts targeted by the District Approach. We 

compared the development of MH in the target districts with the trend in three types of control 

areas (Table 1). The first type includes all other (postal code) areas in the Netherlands. The other 

types were distinguished on the basis of propensity score matching.20-23 To the extent possible, 

these areas were most comparable to the target districts with regard to their livability (e.g., living 

circumstances, physical and social neighbourhood characteristics, and safety) at the moment the 

implementation of the District Approach started. 

Table 1: Numbers of individuals and 4-digit postal codes 
40 target 
districts

19 high 
intensity 
target 
districts

17 low 
intensity 
target 
districts

Control areas

Rest of the 
Netherlands

Comparably 
deprived areas 
PSM widea

Comparably 
deprived areas 
PSM narrowa

Numbers

  n 4-digit postal codes 83 40 36 3,402 303 77

  n individuals in total 1,445 696 612 44,802 6,163 1,574

  n individuals per half      
  year (mean±SD)

90±13.2 44±5.4 38±9.44 2,800±287.8 385±32.2 98±14.7

a Control areas that are similar to the target districts with regard to their liveability at the moment the 

implementation of the District Approach started (early 2008).
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First, we matched the target districts with a group of control areas that have exactly the same 

range of propensity scores as the target districts for maximum comparability (PSM narrow 

definition). Second, we matched the target districts with a group of control areas that belong 

to the 10% of areas with the highest propensity scores (PSM wide definition) to increase the 

number of control areas to enhance the statistical power. Because of this enhanced statistical 

power, in addition to resembles the target districts to a larger extent than areas in the rest of the 

Netherlands, these areas was the main control group.      

Intensity of ABI efforts 

For each target district, we made an inventory of the 18 types of interventions aimed at 

improving unemployment, educational level, housing conditions, safety, and social cohesion. For 

each of these 18 types of interventions, their intensity was classified as ‘smaller’ (including ‘no 

activities’), ‘intermediate’, or ‘larger’, based on the number of residents reached or magnitude of 

environmental change. For each target district an average score for the 18 types of activities was 

calculated. We distinguished 19 target districts with more intensive ABI efforts (range: 0.94−1.33) 

and 17 target districts with less intensive ABI efforts (range: 0.39−0.89) (Table 1). For four target 

districts, no detailed information about ABI efforts was available. The ‘high intensity’ districts 

employed activities in a larger number of policy fields, and encompass both socioeconomic and 

environmental measures.13   

 

Socio-demographic confounders

Several individual-level covariates were used to control for potential confounding: age (continuous 

variable), sex (male versus female), household composition (partner/married with and without 

child(ren), single with or without child(ren)), ethnicity (Ethnic Dutch, western or non-western 

Non-Dutch, and Non-Dutch origin unknown), and socio-economic status (SES). Two indicators 

of SES were included: education measured as highest educational level achieved (primary, 

secondary, upper secondary, or tertiary education) and equivalent disposable household 

income (categorized in quintiles: with cut-off points at €15,865, €20,000, €24,404, and €30,900). 

Most covariates were obtained from the HIS questionnaire. The exceptions were ethnicity and 

household income, which were derived from the national population registry and the national 

tax registration, respectively. 

Statistical analyses

Multi-level multivariable logistic regression models were used to assess the change in prevalence 

of perceived MH per half year in the target and control areas. Because the implementation of 

the District Approach started approximately July 2008, survey years (2004 to 2011) were grouped 
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into half year sections. This trend parameter was estimated for both the pre-intervention period 

(January 2004 to June 2008) and post-intervention period (July 2008 to December 2011). The 

difference in trends between these two periods (hereafter called the pre-post intervention 

change of trends) was assessed by means of an interaction term for half-year and period. Also, 

an interaction term for half-year and district was included to assess differences in MH trends 

between the target districts and control areas. Furthermore, to test for a difference in pre-post 

intervention change of trends between target districts and control areas an interaction term for 

half year, period, and district was included. 

To assess the potential differential effects according to sex we stratified the analyses by sex. 

The role of intensity was assessed by stratifying the analyses by target districts with either less 

intensive or more intensive ABI efforts. 

To account for possible clustering of individuals within postal code areas, we applied mixed 

models that included random intercepts in the model. Level 1 of the multi-level analysis 

represented individuals and level 2 represented the postal code areas. Results were presented 

as beta regression coefficients with corresponding 95% confidence intervals (CI’s). We adjusted 

for control variables in a stepwise way. Model 1 was adjusted only for age, sex, household 

composition, and ethnicity. Model 2 further adjusted for education and household income, in 

order to explore the moderation effect of socio-economic factors. The analyses were carried out 

using SPSS 14 and the STATA 11.0 software. 

RESULTS

Compared with all types of control areas, a higher percentage of residents of the target districts 

was single, of non-western origin, lower educated, and had lower income (Table 2).
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Table 2: Characteristics of the study population
Characteristicsab 40 target 

districts
Rest of the 
Netherlands

Comparably 
deprived areas 
PSM widec 

Comparably 
deprived areas 
PSM narrowc

Age (mean±SD) 46.1±17.5 47.0±16.8 46.4±16.6 45.6±16.6

Sex (%) 

  Female 52.8 50.7 52.2 54.0

  Male 47.2 49.3 47.8 46.0

Household composition (%)

  Partner/married with child(ren) 35.5 41.0 35.9 36.5

  Partner/married without child(ren) 24.6 34.8 29.8 28.9

  Single without child(ren) 27.0 18.4 25.8 24.7

  Single with child(ren) 9.5 4.4 6.3 7.5

  Other 3.4 1.4 2.2 2.4

Ethnicity (%)

  Ethnic Dutch 64.0 87.5 78.6 74.0

  Non-Dutch, western 9.8 7.6 9.9 9.8

  Non-Dutch, non-western 23.0 3.8 9.7 14.0

  Non-Dutch, origin unknown 3.1 1.2 1.8 2.2

Education (%)

  Primary 20.8 12.3 15.6 17.1

  Lower secondary 26.0 22.8 20.7 21.1

  Upper secondary 30.2 37.0 31.7 28.8

  Tertiary 23.0 27.9 32.1 33.1

Income (%)

  First quintile (< €15,865) 32.2 20.4 23.9 25.2

  Second quintile (€15,865-€20,000) 24.1 20.0 20.6 21.6

  Third quintile (€20,000-€24,404) 18.0 20.0 19.9 18.9

  Fourth quintile (€24,404-€30,900) 15.0 20.0 17.6 16.3

  Fifth quintile (> €30,900) 10.8 19.7 18.0 18.0

a Characteristics represent average values over the period 2004 to 2011.
b Characteristics are weighted for age, gender, marital status, household size, urbanisation, province, part of 

the country, and month of interview.  
c Control areas that are similar to the target districts with regard to their liveability at the moment the 

implementation of the District Approach started (early 2008).

Figure 1 shows the trends in prevalence of fair or good MH between 2004 and 2011. The 

prevalence of MH was lowest in the target districts and highest in the rest of the Netherlands. 

In the target districts, the prevalence of MH remained approximately the same in both pre-

intervention period, and in the post-intervention period (about 77.0% in most years). In the 

comparably deprived areas (PSM wide definition), prevalence of MH increased from 81.4% in 

2004 till 85.0% halfway 2008, while it decreased from 83.9% in the second half of 2008 to 82.1% 
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in the first half of 2011. A similar pre-post change of trends was observed in the rest of the 

Netherlands. 

Figure 1: Trends in fair or good mental health between 2004-2011a in 40 target districts, 

comparably deprived  areas (PSM wide definition and PSM narrow definition), and the rest of 

the Netherlands

a The prevalence for each half year is the average prevalence of that specific half year and the half year 

before and after (a moving average).

Table 3 displays the pre-post change of trends in fair or good MH in the target districts compared 

with the three types of control areas. In the deprived target districts, the trend in MH was quite 

stable in both the pre and post-intervention period (ß -0.01  (-0.06 – 0.04); ß -0.02 (-0.11 – 

0.06)), and the pre-post intervention change of trends was small and not statistically significant 

(Δß -0.01 (-0.13 – 0.11)). In the comparably deprived areas (PSM wide definition), there was a 

significantly negative pre-post intervention change of trends in MH (Δß -0.07 (-0.13 – -0.00)). The 

change of trends tended to be more favourable in the deprived target districts than in comparably 

deprived areas (PSM wide definition), but the difference cannot be demonstrated with statistical 

significance (Δß 0.06 (-0.08 – 0.20)). 

Similar patterns were found in comparison to the two other types of control areas (the rest of 

the Netherlands and comparably deprived areas PSM narrow definition) (Table 3). Additional 

adjustment for socioeconomic factors did not modify these results.  
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Table 3: Comparison of development of fair or good mental health between 2004-2008 and 

2008-2011 in 40 target districts, comparably deprived areas (PSM wide definition and PSM 

narrow definition), and the rest of the Netherlands, for the total population
Trend in fair or good mental health  

(beta regression coefficient (95% CI))

Model 
                                         Period
Type of area                                             

Pre intervention Post intervention Post versus pred 
intervention 

Model 0a Target districts -0.01 (-0.06 – 0.04) 0.01 (-0.08 – 0.09) 0.01 (-0.11 – 0.13)

Rest of the Netherlands 0.02 (0.01 – 0.03)* -0.03 (-0.05 – -0.01)* -0.05 (-0.08 – -0.03)*

Target districts vs rest of the 
Netherlandsd

0.07 (-0.05 – 0.19) 

Model 1b Target districts -0.01 (-0.06 – 0.04) -0.00 (-0.09 – 0.08) 0.01 (-0.12 – 0.13)

Rest of the Netherlands 0.03 (0.01 – 0.04)* -0.03 (-0.05 – 0.01)* -0.06 (-0.09  –  -0.03)*

Target districts vs rest of the 
Netherlandsd

0.07 (-0.06 – 0.19)

Model 2c Target districts -0.01 (-0.06 – 0.04) -0.02 (-0.11 – 0.06) -0.01 (-0.13 – 0.11)

Rest of the Netherlands 0.02 (0.01 – 0.03 )* -0.05 (-0.07 – -0.03)* -0.07 (-0.09  – -0.04)*

Target districts vs rest of the 
Netherlandsd

0.06 (-0.07 – 0.18)

Model 2c Comparably deprived areas 
PSM wide

0.02 (-0.01 – 0.05) -0.05 (-0.10 – -0.01)* -0.07 (-0.13 – -0.00)*

Target districts vs comparably 
deprived areas PSM wided

0.06 (-0.08 – 0.20)

Model 2c Comparably deprived districts 
PSM narrow

-0.01 (-0.07 – 0.04) -0.04 (-0.12 – 0.05) -0.02 (-0.14 – 0.10)

Target districts vs comparable 
deprived areas PSM narrowd

0.00 (-0.17 – 0.17)

* The association is statistically significant by P≤0.05, two-sided.
a Model 0: unadjusted. 
b Model 1: adjustment for age, gender, household composition, and ethnicity.
c Model 2: additional adjustment for education and income.
d Reference category.

Figure 2 shows the trends in prevalence of fair or good MH between 2004 and 2011 among 

females and males. Female residents of the 40 target districts reported a deterioration in MH in 

the pre-intervention period (74.6% till 71.4%) and a small improvement in the post-intervention 

period (70.2% till 73.0%). In contrast, women living in comparably deprived areas experienced 

an increase in MH in the pre-intervention period (76.8% till 85.2%) and a deterioration in the 

post-intervention period (82.5% till 80.6%). Male residents of the target districts reported 
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an improvement in MH in the post-interventi on period (80.7% ti ll 85.2) and a deteriorati on 

in the post-interventi on period (87.0% ti ll 82.9%). Males living in comparably deprived areas  

experienced a small decrease in MH in both periods (86.4% ti ll 84.7%, and 85.6% ti ll 83.8%). 

Figure 2: Trends in fair or good mental health between 2004-2011a in 40 target districts and 

comparably deprived areas (PSM wide defi niti on), for females and males, respecti vely  

a The prevalence for each half year is the average prevalence of that specifi c half year and the half year 

before and aft er (a moving average).

Table 4 shows the pre-post change of trends in fair or good MH in the target districts compared 

with the three types of control areas for females and males. The pre-post interventi on change of 

trends in MH among females living in the target districts was not stati sti cally signifi cant (Δß 0.07 

(-0.09 – 0.22)). For females living in the comparably deprived areas (PSM wide defi niti on), there 

was a signifi cantly negati ve pre-post interventi on change of trends (Δß -0.09 (-0.18 – -0.01)). 
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The pre-post intervention change of trends among males living in the target district was not 

statistically significant (Δß -0.15 (-0.36 – 0.05)). For males living in the comparably deprived 

areas, there was a slightly negative pre-post intervention change of trends (Δß -0.03 (-0.13 – 

0.07)). A strong tendency was found among females towards more positive change of trends in 

the target districts compared with comparably control areas (Δβ 0.17 (-0.01 – 0.34)). This positive 

effect was not observed among males (Δβ -0.13 (-0.35 – 0.10)). For both sexes similar trends 

were observed in the other control areas.    

Residents of the 19 target districts that intervened with a higher intensity reported a sharp 

decrease in prevalence of fair or good MH between 2004 and halfway 2008 (Figure 3). Starting 

halfway 2008 these districts experienced an improvement in perceived MH. The change of trends 

in MH was statistically significantly more positive in the deprived target districts with higher 

intensity than in comparably deprived areas ((Δβ 0.19 (0.01 – 0.38)) (Table 5). Very similar results 

were found for the other control areas, although the difference with the narrowly defined PSM 

control areas could not be demonstrated with statistical significance.

In the 17 target districts that intervened with a lower intensity, the prevalence of MH in these 

districts improved in the pre-intervention period (from 76.1% till 81.1%) and declined in the 

post-intervention period (from 80.5% till 76.9%) (Figure 3). Both pre and post-intervention trends 

were not statistically significant and approximately equal to the change of trends in all other 

control areas (Table 5).    
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Table 4: Comparison of development of fair or good mental health between 2004-2008 and 

2008-2011 in 40 target districts, comparably deprived areas (PSM wide definition and PSM 

narrow definition), and the rest of the Netherlands, for groups of sex  
Trend in fair or good mental health

(beta regression coefficienta (95% CI))

Gender
                                    Period
Type of area                                             

Pre intervention Post intervention Post versus preb 
intervention

  Females

Target districts -0.05 (-0.11 – 0.01) 0.01 (-0.10 – 0.13) 0.07 (-0.09 – 0.22)

Rest of the Netherlands 0.02 (0.01 – 0.04)* -0.04 (-0.06 – -0.02)* -0.06 (-0.10 – -0.03)*

Target districts vs rest of the 
Netherlandsb

0.13 (-0.03 – 0.29)

Comparably deprived areas 
PSM wide

0.04 (0.01 – 0.08)* -0.05 (-0.11 – 0.01) -0.09 (-0.18  – -0.01)*

Target districts vs comparably 
deprived areas PSM wideb

0.17 (-0.01 – 0.34)

Comparably deprived areas 
PSM narrow

0.01 (-0.05 – 0.08) -0.04 (-0.14 – 0.07) -0.05 (-0.20  – 0.11)

   Target districts vs comparably 
deprived areas PSM narrowb

0.13 (-0.09 – 0.34)

  Males

Target districts 0.05 (-0.03 – 0.14) -0.10 (-0.24 – 0.04) -0.15 (-0.36 – 0.05)

Rest of the Netherlands 0.02 (-0.00 – 0.03) -0.06 (-0.09 – -0.03)* -0.07 (-0.12 – -0.03)*

Target districts vs rest of the 
Netherlandsb

-0.08( -0.29 – 0.13) 

Comparably deprived areas 
PSM wide

-0.02 (-0.07  – 0.02) -0.05 (-0.12 – 0.02) -0.03 (-0.13  – 0.07) 

Target districts vs comparably 
deprived areas PSM wideb

-0.13 (-0.35 – 0.10)

Comparably deprived areas 
PSM narrow

-0.05 (-0.14 – 0.04) -0.04 (-0.18 – 0.10) 0.01 (-0.19 – 0.22)

Target districts vs comparably 
deprived areas PSM narrowb

-0.20 (-0.48 – 0.09)

* The association is statistically significant by P≤0.05, two-sided.
a Adjusted for age, gender, household composition, ethnicity, education, and income.
b Reference category.
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Figure 3: Trends in fair or good mental health between 2004-2011a in 19 target districts intervening 

with high intensityb, 17 target districts intervening with low intensityc, and comparably deprived 

areas (PSM wide defi niti on)

a The prevalence for each half year is the average prevalence of that specifi c half year and the half year 

before and aft er (a moving average).
b High intensity deprived target districts: deprived target districts that have implemented an integral and 

intensive approach.    
c Low intensity deprived target districts: deprived target districts that have implemented a less intensive 

approach in fewer fi elds. 
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Table 5: Comparison of development of fair or good mental health between 2004-2008 and 

2008-2011 in 19 target districts intervening with high intensityb, 17 target district intervening 

with low intensityc, comparably deprived areas (PSM wide definition and narrow definition), and 

the rest of the Netherlands 
Trend in fair or good mental health 

(beta regression coefficienta (95% CI))

Intensity of 
target district

                              Period                                 
Type of area                                             

Pre intervention Post intervention Post versus pred 
intervention

  High
Target districts -0.07 (-0.14 – 0.01) 0.05 (-0.07 – 0.17) 0.12 (-0.06 – 0.29)
Rest of the Netherlands 0.02 (0.01 – 0.03 )* -0.05 (-0.07 – -0.03)* -0.07 (-0.09 – -0.04)*
Target districts vs rest of the 
Netherlandsd

0.18 (0.01 – 0.36)*

Comparably deprived areas 
PSM wide

0.02 (-0.01 – 0.04) -0.04 (-0.09 – 0.00) -0.06 (-0.13 – 0.00)

Target districts vs Comparably 
deprived areas PSM wided

0.19 (0.01 – 0.38)*

Comparably deprived areas 
PSM narrow

-0.02 (-0.07 – 0.04) -0.02 (-0.10 – 0.07) -0.00 (-0.13 – 0.12)

Target districts vs Comparably 
deprived areas PSM narrow d

0.13 (-0.08 – 0.34)

  Low
Target districts 0.03 (-0.05 – 0.11) -0.09 (-0.23 – 0.04) -0.12 (-0.32 – 0.07)
Rest of the Netherlands 0.02 (0.01 – 0.03)* -0.05 (-0.07 – -0.03)* -0.07 (-0.09 – -0.04)*
Target districts vs rest of the 
Netherlandsd

-0.06 (-0.25 – 0.14)

Comparably deprived areas 
PSM wide

0.02 (-0.01 – 0.05) -0.05 (-0.10 – -0.01)* -0.07 (-0.14 – -0.01)*

Target districts vs Comparably 
deprived areas PSM wided

-0.06 (-0.26 – 0.14)

Comparably deprived districts 
PSM narrow

-0.01 (-0.06 – 0.04) -0.04 (-0.13 – 0.04) -0.03 (-0.16 – 0.09)

Target districts vs Comparably 
deprived areas PSM narrow d

-0.11 (-0.33 – 0.12)

* The association is statistically significant by P≤0.05, two-sided.
a Adjusted for age, gender, household composition, ethnicity, education, and income. 
b High intensity deprived target districts: deprived target districts that have implemented an integral and 

intensive approach.    
c Low intensity deprived target districts: deprived target districts that have implemented a less intensive 

approach in fewer fields. 
d Reference category.
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DISCUSSION

This study provides a unique insight into the impact of a comprehensive large-scale ABI on MH. 

To date only English studies have contributed to this evidence base and this study is the first to 

provide such evidence from a different country. The pre-post intervention change of trends in 

perceived MH among the 40 districts targeted by the District Approach did not differ from the 

trends in control areas. However, a strong tendency was found among women towards more 

positive change of trends in the target districts compared with control areas. The results suggest 

such a positive impact only for women, not for men, although impact could not be demonstrated 

with statistical significance. Evidence for a positive impact was found for target districts with a 

more intensive ABI, but not for target districts with a less intensive ABI.  

Limitations and strength of the study design

A limitation of the study design is that deprived districts were not assigned at random to be 

an intervention or a control district. Since virtually each of the most severely deprived districts 

in the Netherlands were targeted in the District Approach, it was not possible to identify fully 

comparable control areas. We had taken several measures to address potential confounding. 

First, we used propensity score matching to select control areas that were most similar to the 

target areas with regard to living condition at the start of the District Approach. Further, in 

this quasi-experimental design, we took into account trends in MH preceding the start of the 

District Approach. Finally, in the statistical analyses we controlled for a large number of potential 

confounders at the level of individual residents. Nonetheless, due to lack of randomization, 

positive findings should be interpreted with caution.

We used repeated cross-sectional data to determine the development of perceived MH in target 

districts and control areas. This means that the survey samples for specific neighbourhoods 

may have changed over time with regard to socio-demographic factors or other personal 

characteristics related to MH. Random and non-random changes may have biased observed 

changes in perceived MH. We limited non-random bias by adjusting the analyses for many socio-

demographic factors. However, we could not adjust for other factors potentially related to MH, 

such as personality. To reduce such bias, future research on ABI’s should use larger interview 

surveys or longitudinal designs.

Despite the use of a large continuous survey, the average number of respondents per target 

district per period was limited. This reduced opportunities for sub-group analyses such as those 

by sex and intensity. Trends observed in target districts could be estimated with limited precision. 
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Therefore, even though some patterns could not be demonstrated with statistical significance, 

e.g. those for women, they may be interpreted to suggest potential program impacts that 

deserve further investigation.

This evaluation study has a limited post-intervention evaluation period of 3.5 years. It is therefore 

only possible to evaluate the short-term impact of the District Approach on trends in perceived 

MH. Even though the short-term impact of community-based interventions will more likely be 

seen on mental health than on general health,24 a longer follow-up may be needed to more 

accurately assess the program impact.

Comparison with other studies 

The results of other ABI’s thus far are inconsistent. Five studies have reported fewer MH problems 

following ABI’s,4,6-9 while two other studies have not been able to demonstrate this effect.10,11 

Perhaps most comparable to our evaluation are those of the NDC, a comprehensive large-scale 

ABI in England, which was evaluated using control areas. NDC evaluations found a modest 

positive change in MH between 2002 and 2008 for all intervention neighbourhoods compared to 

control areas.4 We could not demonstrate such a positive impact for the program at large. These 

differences may be explained by the dissimilarity of length of post-intervention period. While our 

study had a limited post-intervention period of 3.5 years, the NDC Programme had an almost 

twice as long post-intervention period of 6 years. 

Interpretations of results

Overall, the District Approach did not have a demonstrable positive impact on the development 

of perceived MH in the 40 target districts. No impact was observed in particular for districts 

that implemented a less intensive ABI. A positive impact was, however, found for high intensity 

districts. These results suggest that the overall effect among the 40 target districts have been 

diluted by the districts that implemented a less intensive ABI. This would imply that, in order 

for an ABI to have such a demonstrable impact, such initiatives must be implemented with a 

sufficient level of intensity, in terms of duration, scale, and coverage of different types of activities. 

Our results were in agreement with our hypothesis of stronger effect for the women. However, 

even for women, a positive program could not be demonstrated with statistical significance. To 

identify possible sex differences in program impacts, future studies should cover a longer post-

intervention period and larger survey samples.
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I theory, positive program impact may be attributable to selective migration flows.  It has been 

suggested that the implementation of the District Approach stimulated immigration of people 

with favourable socio-economic position and good MH. If so, such trends may have caused some 

of the positive post-intervention trends in MH that we observed. However, a previous study 

on deprived Dutch neighbourhoods showed that selective migration did not strongly affect 

the health situation, as movers and new settlers had similar levels of health.25,26 Additionally, 

a recent Dutch study reported very small differences in income position of movers and settlers 

in the target districts for the years 2009 and 2010.27 Finally, it has been argued that ABI’s may 

stimulate the outmigration of people who achieved upward social mobility thanks to the ABI. 

Future studies should include data on respondents’ mobility history in order to assess the effects 

of selective migration. 

Common explanatory models of health and health inequalities (e.g., WHO Commission’s 

pathway model of the social determinants of health inequalities)28 explicitly acknowledge that 

health is fundamentally dependent on resources and services that are determined by actors 

mostly outside of the health sector.29 Consequently, intersectoral or health-in-all approaches 

have considerable potentials to positively affect population health.28 The positive trends in MH 

in ‘high intensity’ districts illustrate such potential benefits. These districts have applied a truly 

intersectoral approach. 

Conclusion

We conclude that when a District Approach is implemented with a wide range of intensively 

applied activities, it may be effective in promoting fair or good MH. 

Research is much needed to examine the mechanisms underlying the impact of ABI’s on MH. 

Furthermore, longitudinal data with longer follow-up period and measurement on geographical 

mobility is necessary to assess the true magnitude of changes in MH on the long term.
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ABSTRACT

Aim 

This paper reports on the impact of area-based initiatives targeting problems with employment, 

education, housing and the residential environment, social cohesion, and safety in severely 

deprived districts on perceived general health. We compared the health impact of area-based 

initiatives that focused on the improvement of the livability of the district environment with 

area-based interventions that mainly invested in the socioeconomic position of its inhabitants.

Method 

We employed a quasi-experimental design to compare the prevalence of good perceived general 

health in the target districts with control areas. We performed time-series analysis over a 

prolonged period before and after the implementation of the area-based initiatives that started 

around mid 2008. We fitted generalised general mixed models to assess the rate of change in the 

prevalence of good general health per half year.

Results 

Perceived general health improved slightly between 2004 and 2008, but deteriorated since 

mid 2008 in both the target districts and control areas. In districts that focused investments on 

the social position of residents, the prevalence of good general health deteriorated from 78% 

mid 2008 till 65% end 2011. An exception was the stable prevalence of good general health 

from mid 2008 onwards in the deprived target districts that focused investments on the district 

environment. 

Conclusion 

Targeted investments in the livability of the district environment seemed to have safeguarded 

the district population from a deterioration of general health since mid 2008 – the onset of the 

economic crisis in the Netherlands - that was observed among inhabitants of districts that chose 

to invest in the social position of individual residents. 
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INTRODUCTION

There is a widespread agreement that health policy measures should be based on evidence on 

their effectiveness.1 In reality, very few measures are properly evaluated with regard to their 

impact on health or health inequalities.2-3 This applies in particular to the so-called ‘upstream’ 

approach to improve health and tackling inequalities in health.4-6 This approach focuses on 

the social determinants that are considered the structural drivers of socio-economic health 

inequalities, including education, income, poverty, or employment. 

The complex interventions needed to tackle multiple social determinants of health and 

their distribution are sometimes delivered as area-based interventions that target deprived 

neighbourhoods. Area-based interventions are often employed as a means to address problems 

that are spatially concentrated as well as those problems that result of area dynamics and the 

local environment.7,8 Experiences thus far have, however, rarely been investigated with regard to 

their health impact9 and if so, failed to come up with conclusive empirical evidence on the health 

impacts of area-based interventions.10,11 

The size and type of health impacts following neighbourhood regeneration remain unknown, 

due to the mix of conflicting positive as well as negative and unclear effects that have been 

reported. Neighbourhood regeneration in the United Kingdom led to significant positive impacts 

on several general mental health indicators according to most evaluation studies, though the 

more rigorous studies failed to show a clear impact on the mental health index of the SF-36.9 

In the United Kingdom, area-based initiatives have achieved overall improvements in mortality 

rates, on average with 0.6%, although in some individual areas the standardized mortality rates 

did increase.12 Impacts on general health outcomes were inconclusive and, if existing, small.12,9 

There is no evidence for an impact of neighbourhood regeneration on health related behavior, 

respiratory health, or chronic diseases prevalence.9

In the UK, the lack of consistent success of area-based interventions in reducing spatial health 

disparities has been related to an imbalance between people and place policies, with exaggerated 

spending on place or physical regeneration.13 In other words, they hypothesise that more 

health benefits might have been achieved, had more interventions focused on people’s socio-

economic position. This is corroborated by the results of New Deal of Communities, showing 

that investments in the neighbourhood environment only affect certain health outcomes, such 

as mental health10 but not others, such as health-related behavior.14 
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In order to find out if either investments in people or investments in place would benefit 

health most, we compared the general health impact of area-based initiatives that focused on 

the improvement of the physical as well as social environment with the impact of area-based 

interventions that mainly invested in the socio-economic position of its inhabitants. This paper 

reports on the evaluation of the health impact of the Dutch District Approach targeting problems 

with employment, education, housing and the residential environment, social cohesion, and 

safety. Policies aimed to change the social determinants, like the District Approach, provide a 

unique opportunity to study the extent to which area-based initiatives are effective in preventing 

health problems in ‘real life’. Evaluation of such so-called natural experiments is even considered 

the only option when it is impossible to manipulate exposure to or control the implementation of 

the intervention, which is often the case when the social determinants of health are concerned.15-17 

METHODS

Area-based initiatives in the Dutch District Approach 

The District Approach was launched by the Dutch government in 2007 in order to improve the 

livability in the 40 most deprived districts in the Netherlands. Until 2012, around 5 billion euros 

had been spent to ameliorate the problems with employment, education, housing and the 

physical neighbourhood environment, social cohesion, and safety.18 The districts were selected 

using registry-based physical and socio-economic deprivation indicators as well as reports of 

physical and social problems by residents. The 40 districts are situated in 18 large Dutch cities, so 

they all have an urban character, with some variation from one city to the other.19

The District Approach can be considered a procedural program for which the national 

government laid down a broad thematic framework and provided funds, support, and expert 

advice. Local authorities were given the autonomy to deliver locally tailored activities and to 

organize accountability locally. Each district developed an area-based initiative plan tailored to 

its specific local problems and needs. In 2008 (or in rare cases, in 2009), the districts put their 

plans into action and have been implementing the interventions since then. As such, the District 

Approach can be seen as 40 complex area-based interventions in 40 different contexts.

Focus of area-based initiatives on environment or socio-economic position

We distinguished between area-based initiatives that focused their interventions on the 

improvement of the physical and social environment (13 districts), on individual socio-economic 

position of the residents (11 districts), and target districts that intervened with lower or unknown 

intensity (12). We retrospectively collected information on the interventions that had been 
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implemented (type, duration, scale) in 36 districts until the end of 2011 and in early 2012, in 

order to provide a clear and detailed picture of the contents of the area-based initiatives we 

are evaluating.20 We used standardized questionnaires and face-to-face interviews with the local 

district managers, inquiring into 17 different types of activities, which we selected because of their 

potential to produce short-term health effects.21 Four types of interventions focused on individual 

residents, such as employment programs, income assistance, comprehensive primary schooling, 

and the prevention of school dropout. Twelve types of interventions focused on improving the 

district environment, such as housing, the physical and social environment, or social safety. We 

analysed the duration and scale of the activities in order to assess the scale of the combined 

activities per type of action to be smaller (score  0), intermediate (score 1), or larger (score 2). We 

summed the scores of all 4 types of interventions aimed at the social position and those of the 12 

intervention types targeting the district environment. Target districts that scored less than 4 on 

individual interventions and less than 12 on the environmental interventions were considered to 

have underinvested to expect any health impact (lower or unknown intensity). The ratio between 

the scores on individual versus environmental interventions determines whether the focus of 

the area-based initiatives are considered to be people or place. A ratio lower than one third (4 

versus 12 types of interventions) indicates a focus on improving the district environment and a 

ration higher than one third indicates that relatively more investments focused on the individual 

socio-economic position of residents.  

Study population

Nation-wide repeated cross-sectional data have been used from the National Health Survey (NHS) 

collected between 2004 and 2011. Respondents are of all ages and live in private households 

in the Netherlands. Respondents were interviewed at home using Computer Assisted Personal 

Interviewing (CAPI).  A written questionnaire was left behind after the interview for respondents 

older than 12 years to ask them about more sensitive or detailed topics, such as health related 

behavior. The yearly non-response is around 35-40%. Starting in 2010, the NHS employs a mixed-

mode design. People are first asked to participate using Computer Assisted Web Interviewing 

(CAWI). Non-respondents are approached by telephone for Computer Assisted Telephone 

Interviewing (CATI). People that cannot be reached by internet of phone are approached for a 

personal interview (CAPI). Respondents younger than 18 years were excluded from the reported 

analyses. Analyses were based on 66,800 respondents of which 2,454 were living in the target 

districts. 
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Measures

General health

Self-reported general health is a good indicator of the overall health of a population,22 also among 

lower socio-economic groups.23-24 General health was measured asking respondents during the 

personal interview how their health is in general? Possible answers were “very bad, bad, all right, 

well, or very well”. We have dichotomized these answers into good perceived health (well or very 

well) and less than good perceived health (all right, bad, or very bad). The latter serves as the 

reference group in the time-series analyses. 

Socio-demographic confounders 

Analyses were adjusted for potential individual-level confounders to adjust for differences in 

population composition between neighbourhoods. Potential individual-level confounders 

include age (continuous), sex (male or female), household composition (living together or 

married with child(ren), living together or married without child(ren), single with child(ren), or 

single without child(ren)), ethnicity (native Dutch, migrant of Western origin, migrant of non-

Western origin, migrant origin unknown), and socio-economic status (SES). SES is operationalized 

as highest achieved educational level (primary, lower secondary, upper secondary, or tertiary 

education) and equivalent disposable household income (categorized in quintiles). Age, sex, 

household composition, and education have been assessed using NHS. Ethnicity was derived 

from the national population registry. Information on household income was obtained from the 

national tax registries. 

Different definitions of control areas

We used a quasi-experimental design to compare trends in the prevalence of good perceived 

general health in the target districts with control areas. We used propensity score matching 

to select control areas that are comparable to the target districts with regard to their livability 

at the moment the District Approach started (beginning 2008) in an attempt to approach a 

randomized design to reduce selection bias.25-27,17 We calculated the propensity score based on 

data on housing circumstances, physical and social neighbourhood characteristics, and safety (13 

variables). We imputed missing data as well as data from neighbourhoods based on less than 10 

respondents with the average score of all neighbourhoods.

We varied the selection of control areas in order to balance the larger number of districts needed 

for sufficient statistical power with the selection of smaller numbers of control areas that are 

identical to the experimental neighbourhoods. First, we selected those areas that have exactly 

the same range of propensity scores as the group of target districts for maximum comparability 



General health effects of area-based initiatives in Dutch deprived neighbourhoods

8

197

(narrow definition). Second, we selected those areas that belong to the 10% of areas with the 

highest propensity scores to increase the number of eligible areas to enhance the statistical 

power (wide definition).  Third, starting with the 10% worst areas, we distinguished those areas 

that are situated within the same municipality as the target districts (wide definition same 

municipality). Finally, to maximize statistical power, we compared the trend in general health in 

the target districts with the trend in all other areas in the Netherlands. 

Analyses

Multilevel logistic regression analysis were applied to take into account the clustering of 

individuals within neighbourhoods. We performed time-series analysis of measurements over 

a prolonged period before and after the implementation of the District Approach to establish 

a better idea of impact.28 We fitted multi-level logistic regression models to assess the rate of 

change in the prevalence of good perceived general health per half year. This trend parameter 

was estimated for the pre-intervention period (January 2004 to June 2008) to establish a baseline 

trend, because it is generally unrealistic to assume that nothing happened before the District 

Approach was implemented.29 We compared this baseline trend with the trend during the post-

intervention period (July 2008 to December 2011) by means of an interaction term between the 

‘trend’ and ‘period’ parameters. The comparison of the change in trends between the target 

districts and control areas was explored, including the interaction term of ‘trend’, ‘period’, and 

‘district’. Data were analysed using STATA 11.0. 

RESULTS

Impact of District Approach on perceived general health

The prevalence of good general health was highest in the rest of the Netherlands during the 

period studied and almost always lowest in the target districts (Figure 1). In general, perceived 

general health improved slightly between 2004 and mid 2008. Mid 2008, the 40 deprived target 

districts reached the same prevalence of good health as comparable control areas, i.e. 69%. After 

mid 2008 the perceived general health did not show much change (Figure 1). 
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Figure 1: Trends in good perceived general health between 2004-2011 in 40 deprived target 

neighbourhoods, comparably deprived neighbourhoods according to narrow defi niti on, wide 

defi niti on & same municipality, and wide defi niti on, and rest of the Netherlands

a The prevalence for each half year is the average prevalence of that specifi c half year and the half year 

before and aft er (a moving average).

Table 1 shows that all diff erent groups of areas studied, experienced a slight improvement of 

general health between 2004 and mid 2008, as well as a slight deteriorati on aft erwards (Table 

1). This trend in general health, however, was only stati sti cally signifi cant among the rest of the 

Netherlands and those control areas that are comparable to the target districts using a wide 

defi niti on of comparability (Table 1). There was no clear disti ncti on in prevalence nor trend of 

good general health between the diff erent selecti ons of control areas in the sense that more 

comparable districts resembled the target districts most (Figure 1; Table1).

Overall, there was no diff erence in the trend of good perceived general health between the 40 

target districts of the District Approach and the control areas (Table 1).
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Table 1: Comparison of development of good general health between 2004-2008 and 2008-2011 

in 40 target districts, comparably deprived neighbourhoods according to narrow definition, wide 

definition & same municipality, and wide definition, and rest of the Netherlands
Trend in good general health  

(regression coefficient a (95% CI))

                           

District type                                             

Period before 
district approach:
Jan2004–
June2008

Period after start 
district approach:
July2008–
Dec2011

Period before vs after 

Target districts 0.03 (-0.01 – 0.06) -0.05 (-0.10 – 0.01) -0.07 (-0.16 – 0.01)

Rest of the Netherlands 0.01 (0.01 – 0.02)* -0.02 (-0.04 – -0.01)* -0.04 (-0.06 – -0.02)*

Target districts vs rest of the Netherlands -0.03 (-0.12 – 0.05)

Comparably deprived districts (wide 
definition)

0.02 (0.00 – 0.04)* -0.03 (-0.06 – -0.00)* -0.05 (-0.10 – - 0.01)*

Target districts vs comparably deprived -0.03 (-0.13 – 0.06)

Comparably deprived districts same 
municipality (wide definition)

0.02 (-0.01 – 0.04) -0.03 (-0.07 – 0.01) -0.05 (-0.11 – 0.02)

Target districts vs comparably deprived 
same municipality

-0.04 (-0.14 – 0.07)

Comparably deprived districts (narrow 
definition)

0.01 (-0.03 – 0.05) -0.05 (-0.12 – 0.01) -0.06 (-0.16 – 0.03)

Target districts vs comparably deprived -0.04 (-0.16 – 0.09)

*p≤0.05. 
a adjusted for age, sex, household composition, ethnicity, education, and income.

Area-based interventions focusing on the district environment versus individual 

residents

Residents of the 13 target districts that mainly intervened in the district environment reported the 

highest prevalence of good health in 2004 of the three groups of target districts, i.e. 69%  (Figure 

2). In contrast with all other groups of residents, their perceived general health deteriorated 

between 2004 and 2008, and improved after 2008, although these trends were not statistically 

significant (Table 2). This pattern in perceived health did not statistically significantly differ from 

the trend among residents of the rest of the Netherlands (Table 2). 

People living in the 11 deprived districts that invested mostly in the individual social position of 

residents reported an improvement in good general health from 64% in 2004 till 72% halfway 

2008 (Figure 2). They also reported a steep, statistically significant deterioration of perceived 

general health between 2008 and 2011. The resulting large, statistically significant negative 
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change in trend in good general health was only borderline stati sti cally signifi cantly diff erent 

from the trend in the rest of the Netherlands though (Table 2). The negati ve change in trend in 

perceived general health in districts focusing on residents did diff er stati sti cally signifi cantly from 

the positi ve change in trend good general health among residents of the 12 target districts that 

intervened in the district environment (Table 2).

Figure 2: Trends in good general health between 2004-2011 in (1) 13 target neighbourhoods 

focussing on environmental interventi ons, (2) 11 target neighbourhoods focussing on individual 

interventi ons, and (3) rest of the Netherlands

a The prevalence for each half year is the average prevalence of that specifi c half year and the half year 

before and aft er (a moving average).
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Table 2: Comparison of development of good general health between 2004-2008 and 2008-

2011 in 13 target neighbourhoods focussing on environmental interventions, 11 target 

neighbourhoods focussing on individual interventions, 13 target neighbourhoods intervening 

with low or unknown intensity, and the rest of the Netherlands
Trend in good general health  

(regression coefficient a (95% CI))

                           

District type                                             

Period before 
district approach:
Jan2004–
June2008

Period after district 
approach:
July2008–
Dec2011

Period before vs after 

13 Target districts focussing on district 
environment

-0.02 (-0.08 – 0.05) 0.03 (-0.06 – 0.12) 0.05 (-0.09 – 0.19)

Rest of the Netherlands 0.02 (0.01 – 0.02)* -0.02 (-0.03 – -0.01)* -0.04 (-0.06 – -0.02)*

Target districts environment vs rest 
Netherlands

0.08 (-0.06 – 0.22)

11 Target districts focussing on individual 
residents

0.08 (-0.00 – 0.16) -0.13 (-0.24 – -0.02)* -0.21 (-0.38 – -0.04)*

Rest of the Netherlands 0.01 (-0.01 – 0.02) -0.02 (-0.03 – -0.01)* -0.04 (-0.06 – -0.02)*

Target districts individuals vs rest 
Netherlands

-0.17 (-0.35 – 0.00)

Target districts environment vs target 
districts individuals

0.25 (0.02 – 0.49)*

*p≤0.05. 
a adjusted for age, sex, household composition, ethnicity, education, and income.

DISCUSSION

Residents of deprived districts that focused their area-based initiative on improvement of the 

district environment were the only ones that did not experience a deterioration in general health 

since mid 2008. They were furthermore the only group that showed a positive change in trend 

of good general health during the period studied, in contrast with inhabitants of target districts 

that focused their investments on the individual socio-economic position. 

Limitations and strengths of the study design and methods

The implementation of the District Approach provides a unique opportunity to study the health 

impact of multiple complex area-based interventions that target the social determinants of 

health among severely deprived people in ‘real life’. We were able to study the development 

of general health using time-series analyses comparing the trend in outcome based on multiple 

half-year measurements before as well as after the start of the intervention. 
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The downside of this governmental procedural program is that there was no randomization of 

the intervention, and, therefore a selection of control areas, since all 40 most severely deprived 

areas were targeted. We have overcome this using a quasi-experimental design and propensity 

score matching to select comparable control areas with regard to the physical and social 

environmental characteristics. The comparable results using different definitions of control areas 

show that this procedure to select control areas did not interfere with our conclusions.

Though we used large-scale, nation-wide data sets, the small number of respondents available 

for the analysis of smaller groups of districts incurred larger fluctuations in the estimation of 

prevalence (Figure 2). The calculation of trends using at least 7 half-year measurements reduced 

the impact of fluctuations due to these small numbers, and the numbers turned out to be 

sufficient to calculate statistically significant trends with acceptable confidence intervals.

  

We used repeated cross-sectional data to estimate the trend of perceived general health in 

different groups of districts. This means that each half year, different residents did report on their 

health status and that those who moved were ‘lost’. This might have diminished the measurable 

impact of investments in individual socio-economic circumstances; those that were involved in 

these activities and managed to get a job or improve their income or educational level might 

have ‘cashed’ this by moving to a better neighbourhood. Investments in the district environment 

on the other hand have consequences for most of the residents, including those who just 

moved into the neighbourhood. The use of repeated cross-sectional data might therefore have 

influenced our results favoring the impact of investments in the district environment. Such an 

impact of changes in population composition is, however, refuted by the comparable results of 

analyses with and without controlling for socio-demographic confounders, including educational 

level and income (results not tabulated).

We studied target districts that focused on the improvement of the socio-economic position of 

residents, using employment programs, income assistance, comprehensive primary schooling, 

and preventing school dropout. Schooling programs are directed mainly at adolescents while we 

did study the trend in general health among respondents aged 18 years and older, due to too 

small numbers of younger respondents. This might have hampered the demonstration of the 

general health impact of investments in the individual socio-economic position.
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Area-based initiatives focusing on district environment versus socio-economic 

position

Why do area-based initiatives that focus their investments on the district environment show more 

beneficial developments in general health than target districts that invest in improvement of the 

socio-economic position? One reason could be that the investments in the district environment are 

more effective in the sense that they better managed to change the neighbourhood environment 

than that interventions targeting socio-economic position ameliorated socio-economic disadvantage. 

A recent evaluation of the District Approach concluded that the target districts in general did not show 

more beneficial changes in livability, social cohesion, safety or income level than other areas.30 They 

did not evaluate the impact on the housing conditions and the physical neighbourhood environment, 

but the monitor of Statistics Netherlands reported improvements with regard to the housing stock.31 

These observations suggest no impact on the socio-economic position of residents and are in line 

with suggestions that area-based interventions in themselves are a more effective means to improve 

the neighbourhood environment than to level up the inhabitants.32,13 

The second reason is that changes in the environment might have a more measurable impact on 

population health than changes in socio-economic status, because these kind of activities reach more 

residents than individually targeted interventions to improve socio-economic status. Even when the 

latter interventions are highly effective on an individual level, their benefits will be concealed when 

assessed at an area level.10   

A third reason is that current evaluation focuses on the short-term trends in general health – within 

three-and-a-half years from the start of the area-based initiatives - while environmental investments 

tend to yield health benefits quicker and more direct than improvements in the socio-economic 

position, which is a more upstream determinant of health.33 We recommend to evaluate the longer 

term health consequences of the area-based initiatives to reveal health consequences that take a 

longer time to evolve, and to see if the current benefits persist. 

Conclusion

Area-based initiatives that focus their investments on the district environment show more positive 

trends in general health than those that focused on the improvement of individual socio-economic 

position. Targeted investments in the district environment seemed to have safeguarded the district 

population from a deterioration of perceived general health since mid 2008 – the onset of the 

economic crisis in the Netherlands - that was observed among the rest of the Netherlands and 

particularly among inhabitants of districts that chose to focus investments on the social position of 

individual residents. 
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In numerous countries severe differences in mortality, morbidity, and health (behaviour) exist 

(see reviews1,2 for overview). Unfortunately, these differences have been found to be increasing 

over the last decades (e.g.3-7). To be able to turn this trend and diminish these health inequalities, 

it is crucial to fully understand the causes of these health inequalities and to evaluate the 

effectiveness of policies and interventions to tackle health inequalities. The ultimate aim of this 

thesis is to contribute to the evidence base for one possible strategy to tackle health inequalities, 

namely through area-based interventions in deprived neighbourhoods. The first specific objective 

was to assess whether inequalities in health between deprived and non-deprived postal code 

areas can be explained by selective migration. The second specific objective was to identify if 

changes in specific neighbourhood characteristics influence health outcomes of neighbourhood 

residents. The third specific objective was to evaluate whether a Dutch large-scale ABI (hereafter 

called the District Approach) have a significant effect on health outcomes in the 40 most deprived 

districts of the Netherlands.

This chapter begins with a summary of the main findings of the previous chapters. Subsequently, 

the most important methodological limitations of the studies in this thesis are discussed. 

Furthermore, we reflect on our findings and compare our main findings with other relevant 

studies and present some interpretations of key findings. Next, implications for both policy and 

research are presented and discussed. Finally, a main conclusion is given.

SUMMARY OF MAIN FINDINGS

Part one: Migration and neighbourhood inequalities in health 

Chapter 1 provided insight into the effect of migration on area differences in three measures 

of health (perceived: general health, longstanding health problems, and disabilities). Firstly, we 

found smaller area inequalities in health among migrants who moved between deprived and 

non-deprived postal code areas in the Netherlands compared to the total population. Secondly, 

the out-migrants are replaced with another group of in-migrants with relatively similar levels of 

health. Lastly, better health of migrants out of deprived postal code areas and worse health of 

migrants out of non-deprived postal code areas as compared to the geographically stable, are 

both attributable to individual socio-demographic characteristics.

From this study we concluded that health is related to migration between deprived and non-

deprived postal code areas, mostly through socio-demographic selection instead of a direct 

effect of health. Despite the relationship with health, migration does not enlarge inequalities in 
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health between deprived and non-deprived postal code areas in the Netherlands but possibly 

attenuates the health differences.

Chapter 2 examined potential differences between age groups with regard to the effect of 

migration on inequalities in general health between deprived and non-deprived postal code 

areas in the Netherlands. For all ages together and for people aged 25-34 years, we observed 

smaller area inequalities in health among migrants compared to non-migrants. For most other 

age groups, we found about equally large differences. Only for the age group 35-44 years, area 

inequalities in health among migrants were slightly larger than among non-migrants. 

In conclusion, for most age groups, the results do not provide empirical support to the expectation 

that migration would enlarge inequalities in health between deprived and non-deprived postal 

code areas. 

Part two: The impact of specific neighbourhood characteristics on health 

outcomes

In chapter 3 we explored whether and how changes over time in levels of traffic safety were 

related to physical activity among neighbourhood residents. We found that favourable changes 

in traffic safety levels between 2006 and 2009 were related to increased odds of being active in 

2009, but not to the mean hours of physical activity. These positive relationships with the odds 

of being active tended to be stronger among women, people aged 35 to 59, and those who were 

gainfully employed.   

From this study we concluded that these change measures provide new and somewhat stronger 

evidence for a causal relationship between neighbourhood traffic safety and physical activity.

In chapter 4 we assessed whether and how changes over time in levels of environmental 

factors were related to odds of being active among neighbourhood residents. We observed 

that, improvements in green spaces, social cohesion, and physical and social disorder were 

related to higher odds of being active in 2009. These positive associations tended to be stronger 

among women, but not among older people or among residents who have lived longer in the 

neighbourhood. 
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In conclusion, our results of these change measures provide new and somewhat stronger 

evidence for a causal relationship of green spaces, social cohesion, and physical and social 

disorder with physical activity.

In chapter 5 we investigated whether and how changes over time in levels of neighbourhood 

safety (general safety (fear of crime), physical disorder, social disorder, and criminal victimisation) 

were related to mental health. We found that average improvements in physical disorder in 

the neighbourhood between the time periods 2004 to 2007 and 2008 to 2011 were positively 

related to higher odds of having good mental health (cut-off >74). For the results of the lower 

cut-off point (>60), a similar result was obtained, which was however, statistically significant for 

women only. For changes in general safety a similar (however not statistically significant) positive 

relationship was observed with mental health, while such positive relationships were not found 

for social disorder and criminal victimisation.

In conclusion, our results of these change measures provide additional support for a causal 

relationship between physical disorder and mental health.

Part three: The impact of a Dutch large-scale area-based initiative on health 

outcomes

Chapter 6 provided insight into the short-term impact of the District Approach on trends in self-

reported leisure-time physical activity (walking, cycling, and sports). We observed a statistically 

significantly positive pre-post intervention change of trend in walking in the 40 deprived target 

districts. This change of trend was statistically significantly larger compared to the rest of the 

Netherlands. For cycling and sports, neither target districts nor control areas showed a statistically 

significant change of trend. For all leisure-time physical activity outcomes, trend changes were 

not associated to the intensity of environmental interventions in the target districts.

From this study we concluded that the districts that were subject to the District Approach 

show improvements in leisure-time walking. These improvements were larger than those in 

control districts, regardless of the intensity of environmental investments. Investments are not 

associated with changes in leisure-time cycling and sports.

In chapter 7 we examined the short-term impact of the District Approach on trends in perceived 

mental health. This was investigated for the total population and for subgroups defined by sex 

and intensity of ABI efforts. We found that the pre-post intervention change of trend in mental 
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health among the 40 target districts did not differ from the trend in control areas. However, a 

strong tendency was found among women towards more positive change of trends in the target 

districts compared with control areas. This positive effect was not observed among males. In 

addition, for target districts with more intensive ABI efforts a statistically significant more positive 

pre-post intervention change of trend was observed compared with the control areas, while no 

differences were observed for target districts with a less intensive ABI. 

   

In conclusion, the District Approach had no demonstrable positive impact on the development 

of perceived mental health in all 40 targeted deprived districts, compared with control areas. 

However, investments did seem to positively affect the development of perceived mental health 

in the target districts with more intensive ABI efforts. 

In chapter 8 we investigated the short-term impact of the Districts Appraoch on perceived 

general health. We compared the general health trends of target districts that focused on the 

improvement of the district environment with target districts that mainly invested in the socio-

economic status of its residents. The trend in general health among the 40 districts targeted 

by the District Approach did not differ from the trend in the control areas. Target districts that 

invested more in the district environment showed a more positive change in trend in general 

health than the districts investing in individual inhabitants.

From this study we concluded that the District Approach at large did not seem to incur a positive 

impact on the development of perceived general health in the 40 targeted deprived districts, 

compared with control areas. However, investments in the district environment of deprived 

districts seemed to have generated a positive change in general health (when compared to 

investments in individual residents).

METHODOLOGICAL CONSIDERATIONS

The methodological considerations directly relevant to the specific studies are addressed 

in the Discussion sections of the previous chapters. In this section, we discuss some general 

methodological issues of importance when examining the associations between changes in 

specific neighbourhood characteristics and health outcomes and assessing the effects of an ABI 

on health outcomes. 

Measurement of neighbourhood characteristics

In part two of this thesis, we used subjective measurements of neighbourhood characteristics 
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to examine whether changes in specific neighbourhood characteristics are related to physical 

activity and mental health. Is it likely that our results would be different if we had used objective 

measures of neighbourhood characteristics instead? Previous research found that both 

subjective and objective measures of neighbourhood characteristics are related to health8-13 and 

physical activity.14 The associations however, seem to be stronger for subjective as compared 

to objective measures of neighbourhood characteristics.13 With regard to subjectively measured 

neighbourhood characteristics, studies have generally found good internal reliability and 

test-retest reliability for scales describing neighbourhood characteristics like disorder, safety, 

neighbourhood participation, and social cohesion.15,16 By definition, subjective measures of 

the neighbourhood environment most closely reflect individuals judgment of neighbourhood 

characteristics. They may affect health through pathways such as, stress or behavioral choices that 

are triggered by the hazards and perceptions of safety in one’s environment (e.g.15). Subjective 

measures may therefore seize aspects of the environment that objective measures do not. 

Subjective measures of neighbourhood characteristics should ideally have been proven to be 

reliable and valid. The measures in this thesis were obtained from national survey data from 

which we developed composite scales or used single items. Making use of existing data have some 

disadvantages. One disadvantage is that these survey data or scales have not been validated. 

Another disadvantage is that we had no influence on the inclusion of items in these surveys or 

the formulation of the included items. It is possible that at least some of the neighbourhood 

characteristics measured in this thesis (e.g. green space and/or traffic safety) were composed by 

too few items. Therefore these measures might not have included all aspects of the construct 

they were intended to measure. However, most measures of the neighbourhood characteristics 

studied in this thesis were (partly) based on measures used in previous studies.17-22  

Some validated questionnaires of neighbourhood characteristics do exist (e.g. the Neighborhood 

Environment Walkability Scale (NEWS), the Neighbourhood Quality of Life Study (NQLS); Ross-

Mirowsky Perceived Neighbourhood Scale), but these have been developed and validated outside 

Europe, either in Australia23 or the US.24-26 Because the built environment in the Netherlands is 

very different from those in Australia or in the US these questionnaires might not be applicable 

in a Dutch context. Some Dutch studies have used existing validated international questionnaires 

(NEWS; NEWS-A) and translated them into Dutch and/or made some adoptions to make it fit 

better into the Dutch context (e.g.27), but these have, however, not been validated. 

To conclude, for some but not all environmental characteristics, we cannot exclude the possibility 

that our results might have been influenced by the use of available measures and could have 
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been different if validated measures had been applied. There is need for development of new 

questionnaires that measure neighbourhood environment in the Dutch context and for Dutch 

validation research of these new questionnaires and/or the modified versions of existing 

validated international questionnaires.  

Self-reported versus objective measurement of health outcomes

Whether health outcomes should be measured by self-report or by objective measures, depend 

on the health outcomes. Is it likely that our results would be different if we had used objective 

measures of health outcomes instead? For mental health, self-reported questionnaires have 

showed similar results to objective measures such as diagnosis given by psychiatrists.28-30 

Likewise, general health status have been found to be a good predictor of future health care and 

mortality rates.31,32 

Self-reported assessment of physical activity, on the other hand, suffers from substantial 

reporting bias33 due to both social desirability and the cognitive difficulties of accurately reporting 

physical activity.34 In part three of this thesis, we tried to limit this potential bias by comparing 

the intervention areas with similar other areas. Still, the proportion ethnic minorities differ in the 

intervention areas and control areas. Some studies found that ethnic minorities tend to answer 

in a more socially desirable way.35,36 The impact of the District Approach on self-reported physical 

activity may therefore be overestimated, because the residents of the target districts (with a 

somewhat higher proportion of ethnic minorities than most control districts) may respond to 

the physical activity questionnaire in a more socially desirable manner than individuals living in 

control areas.  Although, differential social desirability bias cannot be ruled out, it seems unlikely 

that this have affected the main conclusions in this thesis given that we have made comparisons 

over the time. 

In this thesis, we have only used self-reported measures to assess health outcomes. For general 

and mental health, we believe that self-reported measures would give about as valid results as 

objective measurement. We do, however, not know whether a different degree of overestimation 

of physical activity due to the self-reported nature of this measure would have biased the 

associations with changes in specific neighbourhood characteristics and/or the associations with 

the District Approach. Future studies should measure physical activity also objectively.37 

Advantages and disadvantages of our study design

Nearly all studies examining the association between neighbourhood characteristics and health 

outcomes have used a cross-sectional design (e.g.38-41). Very few studies to date have examined 
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whether changes in the environment are related to changes in health outcomes.42,43 In part two 

of this thesis, we applied a more sophisticated design by measuring changes in neighbourhood 

characteristics with repeated cross-sectional data. This design has the advantage, compared 

to most other studies, that we eliminated, at least in part, the impact of confounders that are 

correlated with one-time levels of neighbourhood characteristics.

However, the disadvantage of this design is that the study sample of the different survey years 

could differ per neighbourhood on socio-demographic characteristics or any other characteristics 

(such as personality) that are related to our study outcome. Random and non-random changes 

may have biased observed changes in perceived neighbourhood safety. Random bias in the 

measurement of change in safety may have resulted in underestimation of the relationship 

between these changes and MH. We aimed to reduce non-random bias by adjusting the analyses 

for many socio-demographic factors. However, we could not adjust for other factors potentially 

related to safety perception, such as personality. Future studies on changes in neighbourhood 

safety can reduce such bias by using larger interview surveys, longitudinal designs or objective 

measures of neighbourhood safety. 

Furthermore, even though the design used in part two of this thesis was more sophisticated 

compared to purely cross-sectional studies, residual confounding may still be a possible threat to 

the validity of these new studies. It might be that unmeasured factors such as physical features 

of the environment (e.g. connectivity, availability of parking, population density) could still act 

as a confounder if they are not only related to current levels of environmental deprivation, 

but also to changes over time in environmental deprivation.  Sensitivity analyses for paper 5, 

which examined the relationship between changes in neighbourhood safety and mental health, 

revealed that changes in levels of safety between the periods 2004-2007 and 2008-2011 were 

consistently associated with higher odds of fair or good mental health in 2004-2007. This 

indicates that some residual confounding might be present. To fully avoid potential bias in the 

measurement of changes in neighbourhood characteristics and their relationship with health 

outcomes, a longitudinal design should be applied or changes in neighbourhood characteristics 

should be measured objectively.

To conclude, though we have limited bias by investigating changes in neighbourhood 

characteristics, we were not able to adjust for all factors that could have biased our measures 

and therefore residual confounding cannot be ruled out. Such residual confounding can only be 

prevented by using an experimental design. Still, we believe we have been able to generate new 

evidence on the causality of the relationship between neighbourhood characteristics and health 
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outcomes.

Observation time needed to demonstrate effects on health outcomes

A certain observation time might be needed in order to demonstrate effects on health outcomes 

of changes in neighbourhood characteristics. The time needed might depend on both the 

neighbourhood characteristics and the health outcomes being studied. Also, the observation 

time needed may depend on the assumed length of the causal pathway between these variables. 

With regard to outcome measures, we chose to study mental health and physical activity because 

we expected the effects of (at least) some neighbourhood characteristics on these outcome 

measures to be perceivable after a relatively short time period. Blank et al. (2007)44 suggested 

that the short-term impact of community-based interventions on health will more likely be seen 

on mental than on overall self-reported health. Moreover, after six years of observation time, 

a positive impact of the New Deal for Communities Programme (NDC) on mental health was 

observed while only a minor positive effect was found for general health.45 It is possible that no 

large positive effects on general health were detected because the observation time of six years 

was too short to generate large effects for this particular health outcome. For similar reasons, 

we chose not to include indicators like morbidity or mortality rates as an outcome measure in 

our studies because we expected the available observation time would be too short to generate 

demonstrable effects. 

We chose to study neighbourhood characteristics that we expected to produce perceivable 

effects on health outcomes after a relatively short time period (i.e. period 2006-2009; e.g. traffic 

safety, green space, and parking facilities). We expected that some of the other neighbourhood 

characteristics we investigated (e.g. social cohesion, social disorder, fear of crime, and criminal 

victimisation) would need some longer time to develop in order to produce perceivable effects on 

health outcomes. For example, when there is an extra focus on safety, residents might be more 

aware of safety problems and consequently they may feel more unsafe in their neighbourhood. 

It is therefore likely that following safety interventions, it will take some time before the residents 

perceive their neighbourhood as (more) safe and in response may improve mental health and/

or physical activity. However, because changes in neighbourhood safety was measured over a 

relatively long time period (i.e. changes between the periods 2004-2007 and 2008-2011), we 

are confident that the observation period for the four neighbourhood safety measures was long 

enough to be able to demonstrate effects on mental health.

We believe that the observation time we had to perceive effects were long enough for some 
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of the neighbourhood characteristics and health outcomes studied in this thesis. However, 

for some neighbourhood characteristics and for general health, the observation time we had 

available might have been too short to generate demonstrable effects. Longer observation time 

is needed in order to study possible effects of different types of interventions on a broader range 

of health outcomes.   

Comparability of the control areas

When assessing the effects of an ABI on health outcomes, the intervention areas should be 

compared with similar control areas for optimal comparison. However, the intervention areas 

that were part of the District Approach were not randomly selected among deprived districts. 

There was a lack of proper control areas since all most severely deprived districts were chosen 

to be an intervention district. To decrease the possible bias of this methodological problem, we 

used propensity score matching to select control areas.46-49 To the extent possible, these areas 

were most comparable to the target districts with regard to their livability (living circumstances, 

physical and social neighbourhood characteristics, and safety) at the moment the implementation 

of the District Approach started. 

Though the propensity score matched control areas were similar to the target districts with 

regard to many aspects of livability, they might still differ with regard to the circumstances of 

the individual residents or on other important aspects of the living environment. We compared 

the trends in the target districts with trends in the most similar control areas possible. Still, it is 

possible that dissimilarity of our control areas might have biased our results to a small extent.  

Generalisation of the results

We assume that the majority of the results presented in this thesis can be generalised to the 

whole population of the Netherlands. This especially applies to the results in chapters 6 to 8. 

The study samples were large (range N= 46,240 to 66,800), derived from a nationwide survey, 

and geographically representative of the Netherlands, with an inclusion of approximately 89% 

of all postal code areas in the Netherlands (N= 3,485 to 3,607). Furthermore, all deprived target 

districts (83 postal code areas) that were part of the District Approach were included in these 

studies. Also, the studies investigating the effect of selective migration on area inequalities in 

health (chapters 1 and 2) had large sample sizes (N= 40,213 and 61,687) and originated from 

a nationwide survey. In addition, deprived areas were well represented, accounting for 27.9% 

of the total sample size. However, we expect that the results presented in chapters 3 to 5 to a 

lesser extent can be generalised to neighbourhood populations in the whole of the Netherlands. 

To accurately assess changes in environmental characteristics strict inclusion criterias were 
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used, which resulted in the inclusion of only 320 and 1,043 postal code areas. Though the 

sample size was relatively large in these studies (range N= 10,007 to 31,783) the samples were 

not geographically representative of the whole of the Netherlands. The large majority of the 

respondents living in the included postal code areas lived in (very) strongly urban municipalities. 

Therefore these results can be generalised to neighbourhood populations in (very) strongly 

urban municipalities.     

It is uncertain whether relationships between improved (specific) neighbourhood characteristics 

and health outcomes would be similar in neighbourhood populations in other countries in the 

world. This will depend on whether the underlying mechanisms have similar effects within 

different national context. This needs further investigation. The same applies to our studies on 

the effect of migration. As the strength, direction, and the health status of migration flows can 

differ in both time and between countries, it is possible that the results in this thesis regarding 

selective migration cannot be generalised to other countries in the world. 

REFLECTIONS ON THE MAIN FINDINGS

Did selective migration influence the relationship between the District Approach 

and health and related behaviour?

The observed associations between the District Approach and health outcomes as found in 

part three of this thesis might be influenced by selective-migration between neighbourhoods. 

If migration of individuals towards the target districts is related to the health outcome being 

investigated, the association between the District Approach and health outcomes will be stronger. 

Districts which are part of the District Approach might stimulate in-migration of residents 

with favourable socio-economic position. It is known that socio-economic characteristics are 

associated with many health outcomes such as e.g. physical activity and general and mental 

health.50,51 Thus if people that settle in the target districts have a higher socio-economic status 

compared to leavers, these respondents may also be more physically active and have better 

general and mental health. If this is the case then the positive results of the District Approach 

may stem from selective-migration effects rather than improvements in the environment and the 

socio-economic position of original residents. 

The analyses in this thesis indicate that, in the Netherlands, selective-migration to deprived 

and non-deprived neighbourhoods hardly contribute to explaining neighbourhood inequalities 

in health.52,53 This is in accordance with a previous Dutch study.54 In addition, we showed that 

health is related to migration between deprived and non-deprived areas mostly through socio-
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demographic selection. Additionally, a recent Dutch study reported very small differences in 

income position of settlers and leavers in the target districts for the years 2009 and 2010.55 To 

limit the possible influence of selective-migration on our results we adjusted our analyses for 

many different socio-demographic characteristics. 

Thus, the evidence suggests that it is unlikely that selective-migration have influenced the 

relationship between the District Approach and health outcomes as observed in this thesis to a 

large extent. Still, it is possible that residents who have benefited from the District Approach have 

moved out of the target district. This would underestimate the impact of the Districts Approach 

on health outcomes, particularly the impact of the socio-economic measures.

Is there evidence for a causal relationship between specific neighbourhood 

characteristics and health outcomes?

Neighbourhood characteristics and physical activity

The studies in part two of this thesis have shown that favourable changes in levels of traffic 

safety, green spaces, social cohesion, and physical and social disorder were positively related to 

higher odds of being active. We found, on the other hand, no relationships of favourable changes 

in levels of fear of crime or parking with physical activity. These results are in line with some 

studies in the international literature. Overall however, research on the relationship between 

these neighbourhood characteristics and physical activity has showed inconsistent results 

(e.g.38-41,56). One possible reason for the inconsistent results might be related to the diversity in 

indicators used to measure these neighbourhood characteristics. Almost all studies measured 

neighbourhood characteristics at one moment in time. Only two studies measured whether 

changes in traffic safety or social cohesion were related to changes in physical activity.42,43 Humpel 

et al. (2004)42 demonstrated that increases in perceived traffic safety were related to an increase 

in walking in women but not in men. These changes were however measured over a period of 

only 10 weeks, which is a major limitation of this study. Michael and Carlson (2009)43 showed, in 

an experimental intervention study, that changes in social cohesion were not causally related to 

higher amounts of brisk walking. An important limitation of this study was the small sample size 

(intervention group N=158; control group N=266). It is possible that changes in social cohesion 

was unrelated to changes in brisk walking due to lack of sufficient statistical power. 

The results of this thesis (with unique measures of changes in neighbourhood environment), 

together with a large part of the predominately cross-sectional studies which supported 

our results, allow to conclude that there is support for a causal relationship between some 

neighbourhood characteristics and physical activity, namely traffic safety, green spaces, social 
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cohesion, and physical and social disorder. 

Neighbourhood safety and mental health

In this thesis, it is demonstrated that favourable changes in levels of physical disorder were 

positively related to higher odds of having a good mental health. For general safety a similar 

(although less) positive relationship was observed with mental health. These results are 

supported by almost all cross-sectional studies on these research topics. In addition, one study 

reported that improvements in general safety following a neighbourhood renewal programme is 

related to improvements in mental health.57 

Such positive relationships were, however, not observed for social disorder and criminal 

victimisation. These results are not in line with previous international cross-sectional research, 

which showed for most studies that neighbourhood (social) order and lower levels of 

neighbourhood crime are protective of poor mental health. 

The results of this thesis, together with results of earlier international studies (with a one-time 

measure of physical disorder), allow us to conclude that there is support for a causal relationship 

between physical disorder and mental health. 

Overall, the evidence suggests that it is likely that general safety is causally related to better 

mental health. This primary conclusion is based on the observed positive relationship between 

changes in general safety and mental health in this thesis (although it could not be demonstrated 

with statistical significance) together with the highly consistent cross-sectional evidence which 

supported our findings. Also, a study which found that positive changes in general safety was 

related with improved mental health supports this conclusion. 

Furthermore, with regard to the impact of social disorder and criminal victimisation on mental 

health, more research is needed because of the inconsistent findings in this thesis with the cross-

sectional research on this topic.       

Has the District Approach had a significant effect on health outcomes?

The studies in part three of this thesis have shown that investments in deprived areas to 

improve the environment and the socio-economic position of residents, have led to positive 

developments in some health outcomes of the residents. We found evidence for positive 

developments in walking, mental health (if more intensive ABI efforts had been implemented), 

and general health (for districts with ABI efforts focused on the neighbourhood environment 
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compared with districts with ABI efforts focused on individual residents), while no positive 

evidence were found for cycling and sports compared to control areas. Our results with regard 

to mental health are in accordance with the results of the NDC Programme.45 NDC evaluations 

found, however, positive developments in mental health for the total population compared to 

control areas, while we found positive developments for the target districts with more intensive 

ABI efforts. Our findings on general health were not entirely consistent with results of the NDC 

Programme. The NDC showed more improvement in general health compared to control areas, 

although the magnitude of effect was small, while the District Approach did  seem to have a 

positive impact on general health only in the target districts that invested more in the district 

environment (as compared with target districts that invested more in the individual residents). 

The NDC evaluations reported no difference in overall physical activity between NDC areas and 

control areas. We are, however, not able to compare our findings on walking, cycling, and sports 

with the results of the NDC, as they only examined overall physical activity and did not distinguish 

different types of physical activity.  

It is striking that we, just a few years after the start of the District Approach, and despite of 

the fact that the District Approach has achieved limited results on the primary themes,55 

observed some positive developments in some aspects of health outcomes of the residents of 

the deprived districts. There is evidence, in particular for walking and mental health, to support 

recommendations for ABI’s as a policy approach to improve the health of people in deprived 

neighbourhoods. 

IMPLICATIONS FOR POLICY AND RESEARCH

Implications for public health policy

In the Netherlands, living in deprived neighbourhoods is clearly related to poorer health. 

More specifically, studies in this thesis have showed that the geographically stable population 

in deprived neighbourhoods have poorer health than migrants moving into, or out of, these 

neighbourhoods. Consequently, if the aim is to improve the health of people living in deprived 

neighbourhoods, polices aimed to improve the livability and health situation of deprived 

neighbourhoods should especially focus on the geographically stable population.

     

In this thesis it was found that the population health effect of improving the socio-economic 

situation of individual residents and environmental characteristics was relatively weak. Still, 

implementing interventions aimed to improve the environment have several advantages, as 

opposed to interventions aimed at improving the socio-economic position of individual residents. 



General discussion

221

First, potentially all residents are exposed to the environmental interventions, whereas only a 

relatively small part of the neighbourhood population is exposed to individual-level interventions 

because of high costs. Second, many changes in the neighbourhood environment can affect the 

residents for a much longer period of time than most individual-level interventions. This applies 

to long-term investments such as more green space (e.g. parks) or improved traffic safety (e.g. 

narrowed roads, speed humps, zebra crossings, and roundabouts). 

Neighbourhood interventions intended to improve the health outcomes of neighbourhood 

residents should focus on neighbourhood characteristics that have the potential to positively 

influence health outcomes. The findings of this thesis and a large part of the international 

literature (although predominately cross-sectional studies), suggest that improving traffic safety, 

green space, social cohesion and tackling physical and social disorder might lead to an increase 

in the number of neighbourhood residents who are physically active. Moreover, tackling physical 

disorder might increase the number of neighbourhood residents with better mental health. 

Targeting traffic safety, green space, social cohesion, and physical and social disorder might 

therefore be a good entry point for policy makers.    

This thesis has shown that a large-scale ABI was able to improve some aspects of health outcomes 

of residents in deprived areas. Statistically significant effects on mental health was however only 

found for target districts that implemented an intense ABI. This emphasises the importance 

of implementing interventions that reach a large number of residents, that effectuate a large 

amount of district change, and/or target a high number of policy fields (which have a broad 

thematic coverage).  

Implications for public health research

An extensive amount of cross-sectional studies investigating the relationship between specific 

neighbourhood characteristics and health outcomes have been conducted. To increase the 

causal inference, it is now time for studies with a more rigorous methodological design such as a 

longitudinal and/or (quasi-)experimental studies with longitudinal data.

Numerous European studies have used ad-hoc questionnaires to measure neighbourhood 

environment or made adaptations to validated questionnaires in terms of language, readability, 

and removing or adding items. These modified versions have, however, not been validated. 

Therefore there is large variation in the measurement of subjective neighbourhood characteristics 

in Europe, making comparisons between studies difficult.58 This implies that there is need for 

a greater degree of standardisation of measures of neighbourhood environment, taken into 
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account the European-specific context. A first step of standardisation was taken by the ALPHA 

project which have developed an environmental questionnaire for use within the European 

context.58 Future research is needed to test the metric properties of this new questionnaire in 

different languages and in different European countries, inclusive the Netherlands. 

Self-reported physical activity is subject to misclassification (due to social desirability and/

or cognitive difficulties). As the self-reported nature of physical activity might have biased the 

associations in this thesis, we advise future studies to also measure physical activity objectively. 

The use of new technology such as smartphones has made it easy to monitor physical activity 

by objective monitors. Smartphone apps have potential for affordable utilization in large-scale 

epidemiological and intervention studies. 

Much research has been conducted to assess relationships between neighbourhood characteristics 

and health outcomes. However, it is important to understand the underlying processes causing 

these relationships, but such research is very scarce. In the light of this research gap we recommend 

future research to unravel the mechanisms that link the environment to health outcomes. Such 

research should hypothesise what characteristics of the social or physical environment might 

influence health outcomes, and then test these hypotheses by conducting mediation analyses. 

It is unclear whether there are truly no large positive effects of ABI’s on general health or that the 

observation time of the District Approach and other large-scale ABI’s such as the NDC was too short 

to observe large visible effects for this particular health outcome. Future research studying the 

impact of ABI’s on health outcomes should have longer observation time in order to detect both 

large and small effects. Moreover, with a longer observation time it is also possible to detect the 

‘true’ magnitude of the impact of ABI’s on health outcomes and to observe whether such effects 

are sustained over time. With a substantially longer observation time it would even be possible to 

assess the impact of ABI’s on other important health outcomes such as incidence of diseases or 

mortality. 

When assessing the effects of an ABI on health outcomes, the intervention areas should be 

compared with similar other areas for optimal comparison. However, the District Approach and 

most other ABI’s as well tend to target the most deprived areas. While this is unquestionable wise 

in a policy strategy, it could be a source of bias for research trying to assess the impact of such 

initiatives. Many studies investigating the health impact of ABI’s have used suboptimal comparison 

areas (e.g. Batty et al., 2010 45). We aimed to reduce this bias by applying propensity score matching 

to select control areas that are similar to the intervention areas. Further work is necessary to assess 
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the extent to which this approach yields optimally comparable areas, and to compare its outcomes 

with alternative methods such as individual case matching.

MAIN CONCLUSION

The ultimate aim of this thesis was to assess the potential of ABI’s to improve the health of 

disadvantaged populations and thus to decrease area inequalities in health. It is well-known that 

the characteristics of individual neighbourhood residents (such as their socio-economic status 

and ethnic origin) explain large parts of area inequalities in health. It has been suggested that 

selective migration is responsible for large parts of the remaining area inequalities in health. The 

results of this thesis however have shown that migration does not enlarge inequalities in health 

between deprived and non-deprived areas in the Netherlands but possibly attenuates the health 

differences. Thus, it seems plausible that the remaining area inequalities in health are largely 

attributable to specific social and physical characteristics of the neighbourhood environment. The 

results of this thesis have provided some additional support for assuming a causal relationship 

between some of these neighbourhood characteristics and health outcomes. 

This suggests that an implementation of ABI’s have the potential to improve the health of 

disadvantaged populations and to reduce area inequalities in health. A main challenge for 

research is to assess whether policies and interventions aimed to improve area characteristics 

are indeed effective in improving the health of residents of deprived areas. In this thesis, we have 

been able to show positive developments in some aspects of health outcomes of the residents 

targeted by the Dutch District Approach. The studies in this thesis have yielded evidence for 

expecting a positive impact of ABI’s that reach a large number of residents and target different 

policy fields.
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SUMMARY

Considerable evidence from several countries, including The Netherlands, indicates that 

mortality, morbidity, other health outcomes and related behaviors differ between deprived 

and non-deprived areas. These inequalities have increased in the last decades. They can for a 

large part be explained by socio-demographic differences between populations. Other possible 

processes may include selective migration and exposure to adverse environmental conditions in 

deprived areas. Evidence on the latter mechanisms is growing but yet fragmentary. Moreover, 

there is scarce evidence on the extent to which policies and interventions aimed at improving the 

living environment are effective in improving the health of residents of deprived areas. 

This thesis aimed to contribute to filling these knowledge gaps by addressing three objectives. 

The first objective was to assess to what extent inequalities in health between deprived and 

non-deprived areas can be explained by selective migration. The second objective was to identify 

if changes in specific characteristics of the living environment influence health outcomes of 

neighbourhood residents. In this thesis we studied changes in physical activity and mental health 

in relation to eight environmental characteristics: green space, social cohesion, parking facilities, 

traffic safety, general safety, physical disorder, social disorder, and criminal victimisation. The 

third objective was to examine whether a Dutch large-scale area-based initiative (ABI; hereafter 

called the Dutch District Approach) had a demonstrable effect on health outcomes in the 40 most 

deprived districts of the Netherlands. 

The following specific research questions were examined in parts 1, 2 and 3 of the thesis: 

1.  Are inequalities in health between deprived and non-deprived neighbourhoods 

influenced by migration flows, and does this effect vary by age?

2.  Are changes over time in environmental characteristics related to physical activity and 

mental health among adults?

3.  What is the short-term impact of the District Approach on trends in leisure-time physical 

activity, mental health, and general health in deprived neighbourhoods? 

In this thesis, national data collected via interview surveys were used to address these research 

questions. Chapters 1 and 2 examine whether and how migration flows influenced area 

inequalities in health problems in the general population (chapter 1), and in specific age groups 
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(chapter 2). Chapters 3 to 5 examine the various associations between changes in neighbourhood 

characteristics and health outcomes. The health outcomes we studied were physical activity 

(chapter 3 and 4) and mental health (chapter 5). Chapters 6 to 8 evaluate the short-term impact 

of the Dutch District Approach on trends in leisure-time physical activity (walking, cycling, and 

sports), mental health, and general health. 

Chapter 1 assessed the effects of migration on area differences in three measures of health 

(perceived general health, longstanding health problems, and long-term disabilities). Area 

inequalities in health were smaller among migrants who moved between deprived and non-

deprived postal code areas than in total population. Health inequalities were small among 

migrants because out-migrants from deprived areas and in-migrants into deprived areas had 

similar levels of health. Additionally, we found health differences between migrants and those 

who remained in the areas of origin; these differences were mostly attributable to individual 

socio-demographic characteristics. Thus, even though health is related to migration between 

deprived and non-deprived postal code areas, this is mostly through socio-demographic 

selection. Despite this relationship with health, migration does not enlarge inequalities in health 

between deprived and non-deprived postal code areas in the Netherlands. Migration may even 

attenuate these health inequalities.

Chapter 2 examined potential differences between age groups with regard to the effect of 

migration on inequalities in health between deprived and non-deprived areas in the Netherlands. 

For most age groups, we observed about equally large area inequalities in health among migrants 

as among non-migrants. Only for the age group 35-44 years, area inequalities in health among 

migrants were slightly larger than among non-migrants. Thus, only for this specific age group we 

found empirical support to the expectation that migration would enlarge inequalities in health 

between deprived and non-deprived postal code areas. For all other age groups, migration 

consolidates or attenuates these inequalities.

In chapter 3 we explored whether changes over time in levels of traffic safety were related to 

physical activity among neighborhoods in the Netherlands. We found that favourable changes 

in traffic safety levels between 2006 and 2009 were related to increased odds of being active in 

2009, but not to the mean hours of physical activity (among those who were physically active). 

Positive relationships with the odds of being active tended to be stronger among women, people 

aged 35 to 59 years, and those who were gainfully employed. By focusing on changes over time 

in level of traffic safety, our results provided new evidence for a causal relationship between 

neighborhood traffic safety and physical activity.
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In chapter 4 we assessed whether changes over time in a number of other environmental factors 

were related to odds of being active among neighbourhoods across the Netherlands. We observed 

that improvements in green spaces, social cohesion, and physical and social order between 2006 

and 2009 were related to higher odds of being active in 2009. These positive associations tended 

to be stronger among women, but not among older people or among residents who have lived 

longer in the neighbourhood. No associations were observed with general safety or with parking 

facilities. As in chapter 3, our results provide new evidence for a causal relationship for some 

environmental characteristics (green spaces, social cohesion, and physical and social order) with 

physical activity.

In chapter 5 we used more recent data to investigate whether changes over time in different 

aspects of neighbourhood safety (general safety, physical disorder, social disorder, and criminal 

victimisation) were related to mental health. We found that average improvements in physical 

order (i.e. no graffiti, litter, dog waste, vandalism) in the neighbourhood between 2004-2007 

and 2008-2011 were positively related to higher odds of having good mental health in the latter 

period. Changes in general safety had also a positive relationship with mental health. However, no 

such relationships were found for social order and criminal victimisation. By focusing on changes 

over time in different types of safety, we could provide new evidence for a causal relationship of 

mental health with one of the measures in particular, i.e. physical disorder.

Chapter 6 assessed the short-term impact of the District Approach on trends in self-reported 

leisure-time physical activity (walking, cycling, and sports). We observed that the districts that 

were subject to the District Approach since 2008 show more favourable trends in leisure-time 

walking when compared to previous years. Moreover, these trend changes were more marked in 

the target districts than in control districts. No such evidence for a positive impact was observed 

for cycling and sports. Trend changes in either walking, cycling, or sports were not associated 

with the intensity of environmental interventions in the target districts. In conclusion, the result 

suggest that the District Approach had a positive impact on the development of perceived 

leisure-time walking though not in cycling or sports.

In chapter 7 we examined the short-term impact of the Dutch District Approach on trends in 

perceived mental health. Among the general population, the trend in mental health in the 40 

target districts did not differ from the trend in the control areas. Among women, however, we 

found evidence for more positive trends in target districts as compared to control districts. Such 

a positive effect was not observed among males. In addition, evidence for a positive effect was 

observed especially for target districts with more intensive ABI efforts, and not for target districts 
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with a less intensive ABI. These results suggest that the District Approach may positively affect 

the development of perceived mental health in targeted deprived districts, but only if ABI efforts 

were implemented with some intensity.

In chapter 8 we investigated the short-term impact of the District Approach on perceived general 

health. We compared target districts that invested in the improvement of the living environment 

to target districts that mainly invested in the socio-economic position of some of its residents. 

The trend in general health among the 40 target districts together did not differ from the trend in 

the control districts. However, a positive change in trend in general health was observed in target 

districts that invested especially in the living environment. In conclusion, the results suggest that 

the District Approach may have had a positive impact on perceived general health of residents of 

target districts , but only if investments focussed on improving the living environment.

The general discussion addresses the main findings of this thesis, including the most important 

methodological limitations. By evaluating ‘natural experiments’ this thesis contributes to the 

evidence base for one possible strategy to tackle health inequalities, namely through ABI’s in 

deprived neighbourhoods. Still, such an evaluation may have important limitations and challenges 

to be addressed in subsequent work. 

The evidence generated by the studies described in this thesis supports the following main 

conclusions:

Firstly, taking into account the evidence generated by our own studies as well as previous studies, 

it appears that selective-migration has a modest influence on health inequalities between 

deprived and non-deprived areas. Moreover, there is little evidence to suggest selective-

migration processes are responsible for the effect of the District Approach on the changes in 

health outcomes that we found in this thesis.  

Secondly, the evidence generated in this thesis provides new support for assuming a causal 

relationship between physical activity and a number of environmental factors (i.e. traffic safety, 

green spaces, social cohesion, and physical and social order). The new evidence that we derived 

from trend studies is in agreement with existing literature, most of which is based on cross-

sectional studies. In addition, we found support for assuming a causal relationship of mental 

health with area-level physical order and possibly with general safety. However, more research is 

needed to assess the impact of different types of safety on mental health.        
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Thirdly, there is evidence, in particular for walking and mental health, to support ABI’s and 

to link up with ABI’s as an integral health policy approach to improve the health of people in 

deprived neighbourhoods. More generally, our studies have yielded evidence for expecting a 

positive impact of ABI’s that reach a large number of residents and target different policy fields, 

including living environment. Future studies on ‘natural experiments’ should aim to strengthen 

the methodological design using longitudinal data or extending the long follow-up time.  
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SAMENVATTING

Een groot aantal studies uit verschillende landen, waaronder Nederland, geeft aan dat de kansen 

op ziekte en sterfte, en daarmee samenhangend gedrag, verschillen tussen arme en niet-arme 

buurten. Deze ongelijkheden zijn toegenomen in de afgelopen decennia. Ze kunnen voor een 

groot deel worden verklaard door sociaal-demografische verschillen tussen bewoners van 

verschillende buurten. Maar er spelen ook andere mogelijke factoren, zoals selectieve migratie 

en invloeden van de leefomgeving waarin mensen wonen. Over de effecten daarvan is echter 

nog veel onzekerheid. Bovendien is nog nauwelijks onderzocht of beleid en interventies ter 

verbetering van de leefomgeving ook effectief zijn in het verbeteren van de gezondheid van de 

bewoners van achtergestelde gebieden.

Dit proefschrift heeft als doel deze kenniskloof voor een deel te dichten. Wij hadden drie 

doelstellingen. Het eerste doel was te beoordelen in welke mate verschillen in gezondheid 

tussen arme en niet-arme buurten kunnen worden verklaard door selectieve migratie. De 

tweede doelstelling was te onderzoeken of veranderingen in specifieke kenmerken van de 

leefomgeving de gezondheid van buurtbewoners beïnvloeden. In dit proefschrift hebben wij acht 

zulke kenmerken bestudeerd: groene ruimte, sociale cohesie, parkeergelegenheid, algemene 

veiligheid, verkeersveiligheid, fysieke orde, sociale orde en slachtofferschap. Het derde doel was 

te onderzoeken of een grootschalig Nederlandse verbeteringsprogramma, de “Wijkenaanpak” 

genoemd, een aantoonbaar effect heeft gehad op de gezondheidssituatie in de 40 meest 

achtergestelde buurten van Nederland (die bekend staan onder de naam “Vogelaarwijken”).

De volgende specifieke onderzoeksvragen werden onderzocht in delen 1, 2 en 3:

1.  Zijn verschillen in gezondheid tussen arme en niet-achtergestelde buurten beïnvloed 

door migratiestromen, en is die invloed groter op bepaalde leeftijden?

2.  Zijn veranderingen over de tijd in omgevingskenmerken van invloed op het vóórkomen 

van fysieke activiteit en goede mentale gezondheid onder bewoners?

3.  Wat is de impact op korte termijn van de Wijkaanpak op trends in fysieke activiteit, de 

mentale gezondheid en algemene gezondheid in de 40 buurten?

In dit proefschrift worden nationale gegevens, verzameld via nationale persoonsenquêtes, 

gebruikt om de onderzoeksvragen te beantwoorden. In de hoofdstukken 1 en 2 wordt onderzocht 

of migratiestromen van invloed zijn op ongelijkheden in gezondheid in de algemene bevolking 

(hoofdstuk 1) en in specifieke leeftijdsgroepen (hoofdstuk 2). In hoofdstukken 3-5 wordt 
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onderzocht of veranderingen in wijkkenmerken samenhangen met gezondheidsuitkomsten, 

te weten lichamelijke activiteit (hoofdstuk 3-4) en geestelijke gezondheid (hoofdstuk 5). In 

de hoofdstukken 6-8 wordt onderzocht wat de effecten van de Wijkaanpak zijn op trends in 

fysieke activiteit in de vrije tijd (hoofdstuk 6), geestelijke gezondheid (hoofdstuk 7) en algemene 

gezondheid (hoofdstuk 8).

In hoofdstuk 1 wordt gekeken naar de effecten van migratie op gebiedsverschillen in drie 

maten van gezondheid (algemene ervaren gezondheid, langdurige gezondheidsproblemen en 

lichamelijke beperkingen). Onder migranten die tussen arme en niet-arme buurten verhuisden, 

werden kleinere ongelijkheden in gezondheid gevonden dan in de totale bevolking. Verschillen 

tussen migranten waren klein omdat mensen die uit achterstandswijken wegtrokken ongeveer 

hetzelfde niveau van gezondheid hadden als mensen die er naar toe trokken. Wel vonden wij 

gezondheidsverschillen tussen mensen die uit een buurt wegtrokken en mensen die in de 

buurt achterbleven. Die verschillen zijn grotendeels toe te schrijven aan individuele sociaal-

demografische kenmerken van migranten. Dit betekent dat migratie tussen arme en niet-arme 

postcodegebieden weliswaar samenhangt met gezondheid, maar dat dit vooral komt vanwege 

sociaal-demografische selectie. Belangrijker nog is dat, ondanks die relatie tussen gezondheid 

en kans op migratie, migratiestromen niet leidden tot grotere verschillen in gezondheid tussen 

arme en niet-arme buurten in Nederland. Migratie kan die gezondheidsverschillen zelfs hebben 

verkleind.

In hoofdstuk 2 onderzoeken wij mogelijke verschillen tussen leeftijdsgroepen in de mate waarin 

migratie van invloed is geweest op gezondheidsverschillen tussen arme en niet-arme buurten. 

Voor de meeste leeftijdsgroepen vonden wij dat gebiedsverschillen in gezondheid ongeveer even 

groot waren onder migranten als onder niet-migranten. Alleen voor de leeftijdsgroep 35-44 jaar 

waren gebiedsverschillen in gezondheid onder migranten iets groter dan onder niet-migranten. 

Dus alleen voor de 35-44 jarigen is er empirische steun voor de verwachting dat migratiestromen 

heeft geleid tot grotere verschillen in gezondheid tussen arme en niet-arme buurten. Op de 

overige leeftijden heeft migratie die gezondheidsverschillen bestendigd of afgezwakt.

In hoofdstuk 3 hebben wij onderzocht of veranderingen over de tijd in het niveau van 

verkeersveiligheid gerelateerd zijn aan fysieke activiteit in de vrije tijd. Wij vonden dat gunstige 

veranderingen in de verkeersveiligheid tussen 2006 en 2009 samenhingen met een verhoogde 

kans om lichamelijk actief te zijn in 2009. Wij vonden geen samenhang met het gemiddeld aantal 

uren van lichamelijke activiteit (onder bewoners die al fysiek actief waren). De positieve relaties 

met de kansen op lichamelijke activiteit waren sterker onder vrouwen, onder 35-59 jarigen en 
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onder mensen die economisch actief zijn. Door ons te richten op veranderingen over de tijd 

in verkeersveiligheid, konden wij sterker bewijs genereren voor een oorzakelijk verband tussen 

lichamelijke activiteit in de vrije tijd en verkeersveiligheid in de leefomgeving.

In hoofdstuk 4 onderzochten we of lichamelijk activiteit samenhing met veranderingen over 

de tijd in een aantal andere omgevingsfactoren. We vonden dat verbeteringen tussen 2006 en 

2009 ten aanzien van groen in de woonomgeving, sociale cohesie en fysieke en sociale orde alle 

positief samenhingen met de kans om lichamelijk actief te zijn in 2009. Geen relaties zagen wij 

met algemeen ervaren veiligheid en parkeergelegenheid. De positieve associaties waren in het 

algemeen sterker bij vrouwen. Anders dan verwacht, waren ze niet sterker bij oudere mensen 

of bij bewoners die langer in de buurt woonden. Net als in hoofdstuk 3 geven de resultaten van 

deze analyse naar veranderingen over de tijd sterker bewijs voor een oorzakelijk verband tussen 

fysieke activiteit en een aantal omgevingseigenschappen (groen in de woonomgeving, sociale 

cohesie en fysieke en sociale orde).

In hoofdstuk 5 hebben we onderzocht of veranderingen over de tijd in veiligheid in de buurt 

(algemene veiligheid, fysieke orde, sociale orde, slachtofferschap) gerelateerd waren met 

geestelijke gezondheid. We vonden dat verbeteringen van fysieke orde in de buurt tussen 2004-

2007 en 2008-2011 (dus minder verloedering) positief samenhing met een goede geestelijke 

gezondheid in de tweede periode. Veranderingen in algemene veiligheid in de buurt had een 

vergelijkbare positieve relatie met geestelijke gezondheid, maar dergelijke positieve relaties 

werden niet gevonden met sociale orde of slachtofferschap. Deze resultaten geven nieuw bewijs 

voor een oorzakelijk verband tussen geestelijke gezondheid en  veiligheid in de buurt, en in het 

bijzonder met de mate van fysieke wanorde of verloedering.

In hoofdstuk 6 onderzochten wij de mogelijke effecten van de Wijkaanpak op ontwikkelingen 

in zelf-gerapporteerde fysieke activiteit in de vrije tijd (wandelen, fietsen en sport) gedurende 

de 3 jaren sinds het begin van de Wijkenaanpak in 2008. We vonden dat de 40 “Aandacht” of 

“Vogelaar” wijken sinds 2008 verbeteringen lieten zien in het vóórkomen van wandelen in de 

vrije tijd. Deze verbeteringen waren groter dan die in de controle wijken. Dergelijke verschillen 

werden niet waargenomen voor sporten of fietsen in de vrije tijd. Anders dan verwacht, hingen 

veranderingen in wandelen, fietsen of sporten niet samen met de intensiteit van de interventies 

die in de 40 wijken waren uitgevoerd. Wij concluderen dat de wijkaanpak een positieve invloed 

lijkt te hebben gehad op de ontwikkeling van wandelen in de vrije tijd in de 40 aandachtwijken.
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In hoofdstuk 7 hebben wij onderzocht welke effecten de Wijkaanpak heeft gehad op 

ontwikkelingen in mentale gezondheid van de bewoners van de 40 aandachtwijken. De trend 

in mentale gezondheid in deze 40 wijken verschilde niet van de trend in de controlegebieden. 

Wel was er een sterkere verbetering in mentale gezondheid onder vrouwen in de aandachtwijken 

vergeleken met vrouwen in controlewijken. Dit positieve effect werd niet waargenomen bij mannen. 

Bovendien vonden wij een positief effect alleen in die wijken waar sinds 2008 meer intensieve 

interventies van de grond waren gekomen. Deze resultaten suggereren dat de Wijkaanpak een 

positieve invloed kon hebben op de ontwikkeling in mentale gezondheid, maar alleen waar deze 

heeft geleid tot de ontwikkeling van veel interventies met voldoende intensiteit.

In hoofdstuk 8 onderzochten wij de effecten van de Wijkaanpak op trends in algemeen 

ervaren gezondheid tot 2011. We vergeleken aandachtwijken waar vooral werd geïnvesteerd 

in de verbetering van de leefomgeving met aandachtwijken waar vooral is geïnvesteerd in de 

sociaaleconomische positie van een deel van de bewoners. Voor alle 40 aandachtwijken tezamen 

verschilde de trend in gezondheid niet van de trend in de controle gebieden. Wel vonden wij 

een positieve verandering in trend in gezondheid in wijken die vooral geïnvesteerd hadden in de 

leefomgeving. Deze resultaten suggereren dat Wijkaanpak alleen een positieve invloed heeft gehad 

op trends in algemeen ervaren gezondheid indien de investeringen zich richtten op de leefomgeving 

in plaats van de sociaaleconomische positie van individuele bewoners.

De algemene discussie vat eerst de belangrijkste bevindingen van dit proefschrift samen en vervolgt 

met een bespreking van enkele methodologische kwesties. Door het evalueren van ‘natuurlijke 

experimenten’ draagt dit proefschrift   bij aan wetenschappelijke onderzoek naar de oorzakelijke 

relatie tussen leefomgeving en gezondheid. Bovendien genereren wij nieuwe ‘evidence’ voor een 

van de strategieën om sociaaleconomische gezondheidsverschillen aan te pakken, namelijk door 

gebiedsgerichte interventies in achterstandswijken. 

Op basis van de resultaten van de in dit proefschrift beschreven studies kwamen wij tot de volgende 

conclusies:

Op basis van de resultaten van onze eigen studies en die van eerdere studies, kan worden gesteld 

dat selectieve migratie een beperkte invloed heeft op de omvang van gezondheidsverschillen tussen 

achtergestelde en niet-achtergestelde buurten. Migratie zou in veel gevallen die verschillen kunnen 

hebben verkleind in plaats van vergroot. Bovendien zijn er uit onze studies geen aanwijzingen dat 

de positieve effecten van de Wijkaanpak, zoals gesuggereerd door positieve trends in sommige 

gezondheidsuitkomsten, op conto moet worden geschreven van selectieve migratie.
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Door onderzoek te doen naar veranderingen in wijkomgeving, konden wij nieuw bewijs 

genereren voor een oorzakelijk verband tussen lichamelijke activiteit en een aantal kenmerken 

van de leefomgeving (verkeersveiligheid, groen in de woonomgeving, sociale cohesie, fysieke 

en sociale orde). Suggesties voor zulke positieve effecten komen ook uit vele eerdere studies, 

maar die hadden meestal een cross-sectioneel design. Ook wat betreft de mentale gezondheid 

leverden onze studies empirische steun voor een oorzakelijk verband met enkele kenmerken 

van de leefomgeving. Het gaat daarbij vooral om veiligheidskenmerken, te weten fysieke 

orde (verloedering) en misschien algemene veiligheid. Er is echter meer onderzoek nodig om 

uitspreken te kunnen doen over het effect van verschillende veiligheidsaspecten (inclusief sociale 

orde en slachtofferschap) op de mentale gezondheid van bewoners. 

Ten derde vonden wij empirisch bewijs, in het bijzonder voor wandelen en mentale gezondheid, 

die aanbevelingen ondersteunen voor gebiedsgerichte, integrale interventies als een strategie 

om de gezondheid van mensen in achterstandswijken te verbeteren. Wij vonden enige bewijs ter 

ondersteuning van interventies op het terrein van verkeersveiligheid, groen in de woonomgeving, 

sociale cohesie en sociale en fysieke orde. Een positief effect kan wellicht vooral verwacht worden 

van gebiedsgerichte interventies die een groot aantal inwoners bereiken en zich daarbij richten 

op hun leefomgeving. Toekomstige evaluaties van ‘natuurlijke experimenten’ zullen nieuw en 

sterker bewijs kunnen leveren door verdere ontwikkeling van de onderzoeksmethodiek, bij 

voorkeur met longitudinale gegevens en een lange follow-up tijd. 
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